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Humoral and cell-mediated immune responses of lambs against bluetongue virus 

V V DESHMUKHI and M B GUJAR2 

Marathwada Agricultural University, Parbhal1i, Maharashtl'a 431 402 

Received: 17 February 1999; Accepted: 7 October 1999 

ABSTRACT 

The bluetongue virus (BLU-l) was isolated from field outbreaks in Maharashtra. The VHUS was adopted on BHK-21 
cell lines. HUllloral illlmune responses of lambs were evaluated by uSing competItive enzyme linked immunosorbent 
assay (cELlSA) and complel11l.!nt fixation test (CFT). The cell-mediated immLlne response (eM!) was evaluated by using 
Icucocyte migration inhibition test (LMIT). The cell culture adopted BLU. J virus was astrong immunogen. The antibody 
to BLU- J was produced on seventh day post-inoculation which persisted at high level after challenge infection. The eM! 
was developed from seventh day post-inoculation and persisted at high level after challenge infectipn. 

Key words: BLU-l, Bluetongue virus type I, Co.mpetilive ELISA, Complement tixation test, 
Cell-mediated immunity, Leucocytes migration inhibition test 

While bluetongue (BLU) viruses can infect most 
ruminants, BLU disease primarily affects sheep. Attenuated 
BLU vim;; vaccines are being used but the efficacy and 
protective ability of the vaccine needs to be properly 
evaluated. The development of humoral immunity in BLU 
virus infected sheep was reported earlier (Jochim 1985, Stott 
and Osburn 1990). The possible role of cell-mediated immune 
(CMI) response in protecting the sheep fi-om BLU virus has 
been suggested by Stott et al. (1985) following itmnunization 
With an inactivated vims preparation. 

Present study was planned to evaluate the development of 
humoral and CMI responses against cell culture adopted 
attenuated BLU-l vims, and to fiud out the efficacy of the 
experimental cell culture adopted bluetongue vaccine in 
protecting the lambs against challenge infection. 

MATERIALS AND METHODS 

Lambs of OSl1lanabaJi breed 8-10 month age were used 
in present experiment. The bluetongue virus was isolated fro111 
the field outbreaks in sheep f1'0111 the Maharashtra. The virus 
was isolated, adopted, and maintained 011 BHK-21 cell lines 
(lOth passage). The vinls was serotyped as BLU-l from the 
Australian Animal Health Laboratory (AAHL), Geelong, 
Australia. 

The bluetongue antigen was prepared by using BLU-l 
serotype on the lines of Jochim and Chow (1969). The antigen 
was confirmed by using reference antibody supplied by Dr 

Present address: IScicl1tist, Animal Disease Research Centre; 
'Professor and Head, Department of Microbiology. 

Jochim, USA. The method of Mehrotra (1991) was used for 
raising BLU antibodies in sheep. The antisemm was tested 
against reference antigen supplied by Dr Jochim, USA. 

Competitive enzyme-linked immunosorbent assay 
(cELISA) was standardized and performed on the lines of 
Afshar et at. (1989) as prescribed by Veterinary Diagnostic 
Technology, Inc., USA. The reagents of cELIS A supplied by 
Veterinary Diagnostic Technology, Inc., USA, were used in 
the experiment. The per cent inhibition (PI) of BLU 
monoclonal antibodies were calculated by using following 
fonnula: 

Adjusted average OD test serum sample 
PI (%) = -------- --_ x 100 

Adjusted average OD negative serum 

Complement fixation test (eFT) was performed as per the 
method of Boulanger et al. (1967) with slight modifIcations. 
The test was performed as micro CFT. 

Leucocyte migration inhibition test (LMIT) (McCoy et al. 
1967) was used to measure in vitro migration of leucocytes. 
The migration indices (MI) of the leucocytes were calculated 
as per following f0111lUla: 

Average area of spread of leucoeytes in presence of antigen 

MI= Average area ofsprcad ofleucocytes in absence of antigen 

An experiment was planned with 16 lambs (Table 1) of 
either sex, aged 8·10 months. All these lambs were sero
negative for BLU antibodies and apparently healthy. The 
Iambs were housed separately group"wise with separate 
feeding and maintenance management. The lambs were 
housed in insect proof building. The heparinized blood 
samples were collected for the LMIT whereas the semm 
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Tablc l. Detmls oflambs used in the experiment 
--------

Group No. of lambs Details of infection Dose and route Days of obscrva(lon 
----

Lamb used for BLU-J passage 02 Infected with BLU-l 5 ml whole blood ° -15 days 
(blood) on 0 day-l< intravenously'" * 

Healthy controllamhs 06 Kept as healthy throughout 0,7,14,21,28,35,42and 
(He group) the experiment 49th day 

Lnmbs 1Il0culatcd with cell 06 (a) Inoculated on '0' day 5 ml (each containing 0,7, l4and21stday 
culture adopted BLU-I with cell culture adopted l04CCID;o BLU-l 
(TV group) BLU-l subcutaneously) 

(b) Challenged on 2151 day 5ml whole blood 28,35,42 and 49th day 
with blood containing' intravenously 
Virulent BLU-l of lambs 
used for passage 

Infection control lambs 02 Infected with BLU-l (blood) 5 ml whole blood 0-20 days (kept healtllY), 
on 21st day intr'avenously [I'om 21 st day kept Wltl! TV 

group 

*'0' day, day of starting the expcriment; **the blood was collected at the height of thermal reaction ii'om lambs infected with Virulent 
BLU ViTUS. 

satnples were collected for the cELlSA and CFT at weekly 
intervals of study. 

The BLU vhus was passage in 2 lambs by inoculating 
5 ml whole blood with BLU-l virulent vhus on the '0' day of 
the experiment. The thermal reaction of the lambs was 
recorded in addition to clinical observations, The blood of 
these lambs was collected at the height of temperature. 
Presence of BLU virus was confirmed by isolatioll [lnd 
identification. The blood drawn from these lambs was used 
for challenge infection to TV group of lambs on 21st day 
post-inoculation and infection of2 control lambs. 

'nle mean PI ofBLU monoclonal antibodies were recorded 
by employing cELISA. Mean CF antibody titers were 
recorded by CFT whereas mean migratIOn indices of 
leucocytes were recorded by LMIT. The observations were 
recorded at weekly intervals. The data were analyzed for 
detennining levels of significance by student - t test. 

RESULTS AND DISCUSSION 

Humoral immune re.lpoflse 
The humoral immune response of lambs against BLU-l 

was evaluated by using cELISA and micro eFT. 
The test serum sample was considered positive for BLU 

antibodies in cELlSA, if the PI was equal to or greater than 
50%. The serum samples with PI less than 50% were 
considered negative. The PI values of TV group lambs were 
above 50% from 7th to 49th day post-inoculation. The specific 
antibody was detected from seventh day post-inoculation. The 
PI values reached (Table 2) to 91.23% on seventll day post
challenge with cell-culture adopted attenuated BLU-l vhus 
(tenth passage). The increased PI persisted till the end of the 
experiment. The results of cELISA clearly pointed out that 
the lambs inoculated with attenuated BL U -1 virus developed 
speciflC humoral immune response against BLU-l virus. The 
level of immunity was sufficiently high to protect the lambs 

ii'om virulent virus which was evident from the results of 
challenge infection of these lambs. The results are in 
agreement with Neitz (1948) who also observed the protective 
role of antibody in BLU-l challenged lambs. 

The CF antibodies were dett.!cted from seventh clay post
inoculation. The antibody titers increased subsequently 
reaching peak on 21 st day post-inoculation, The Iambs were 
challenged with BLU-l virus on 21st day. The CF antibody 
titers declined to 1 06.00± 16.93 on seventh day post-challenge. 
The titers again increased up to 226.00±32,13 till the end of 
the experiment. Osburn (1991) could detect the BLU 
antibodies by cELISA and CFT within first or second week 
following infection. The cr antibody titers decreased might 
be due to the neutTalization of the challenge vil1ls by existing 
antibodie~ whereas rise in titers one week post-challenge 
indicated strong immunogenicity of the VITUS. Clinically the 
TV group of lambs were healthy due to the protective 
immunity of lambs acquired from exposure to cell culture 
adopted attenuated BLU-l virus. All the lambs previously 
inoculated with attenuated BLU virus and later challenged 
with virulent BLU vitus dId not suffer the BLU disease and 
also showed very high levels of BLU antibodles. InfectIOn 
control lambs showed the typical clinical picture ofBLU, the 
symptoms were hyperaemia, cyanosis of buccal mucous, 
erosions of mucous membranes of buccal cavity and nasal 
cavity were noticed with thermal reaction. These lambs were 
sacrificed for postmortem examination. 

Cell-mediated immune response 
The CMI response against BLU-! virus was evaluated ill 

vitro by LMIT. The He group oflambs showed average MI 
in the range of 1.00 to 1.20. Comparison ofMI of TV group 
with that of HC group indicated that the mean MI started 
decreasing significantly from seventh day (O.83±O.03) post
inoculation. In TV group oflambs, the MI further decreased 
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Table 2. Details of results of humoral ~nd ccl1-n~ediated immune responses 
---__ ----------------

Day PI values (%) CF titers ± SE MMI± SE 
HC group TV group 

----------- ------_ 
HC group TV group HC group TV group 

-------'-----
-----~---- _- ---- -- -

0* 25.00 25.52 0.00 ± B.DO O.OO:\: 0.00 1.20 ± n. I (J l.J 2" r D.IlO 
7 20.25 88.54 0.00 ± 0.00 20.00' ± 4.48 1.12 ± n.os 0.83" cI- IUl2 
14 18.00 85.84 O.OO:\: 0.00 30.00" ± 4.48 1.04 ± 0.06 0.74' 1: n.DS 
21** 17.75 87.22 0.00 ± 0.00 120.00' ± 17.95 100 ± 0.10 O.69":t: 0.Q3 
28 22.45 91.23 O.OO± 0.00 106.00' ± 16.93 1.04 ± 0.04 0.3I'±0.14 
35 30.25 91.) 0 0.00 ± 0.00 120.00' ± 23.25 ],04 ± 0.04 () 13" ± 0.08 
42 35.25 79.35 0.00 ± 0.00 213.30' ± 23.79 1.20±0.14 0.47":1. 0.12 
49 31.75 83.57 O.OO± 0.00 226.00' ± 32. 13 1.08 ± O.OS 0.50' J: 0.()3 

------ - ~----_ -----~ - --- ---~--

*Day of inoculation of BLU-I group, ** day of challenge in TV group, nOllsigntficant; a, P < 0.01. 

after challenge infection for 1 week. The inhibition of 
leucocyte migration in TV group was maximum (0.13±0.08) 
on 14th day post-challenge. The inhibition of migration of 
leucocytes was observed till the end of the experiment. It is 
evident from these observations that eM! developed in lambs 
following cell culture adopted attenuated BLU-l virus 
inoculation. The CM! response was observed from 7th to 14th 
day post-challenge suggesting probable role of eMI in 
protecting the lambs against BLU. The role of eMI in 
protective immunity was demonstrated by Stott et al. (1985) 
in sheep following immunization with an inactivated VIruS 
preparation. The development of blastogenic response to BLU 
vIrus antigen in a lymphocyte-stimulation assay was 
associated with protection. 
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Humoral immune response in broilers against inclusion body hepatitis virus* 

V V DESHMUKfP, ABDUL AZW and M S GUlAR3 
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ABSTRACT 

Humoral immune response was studied m broilers agamst mclusion body hepatitis (ISH) inactivated oil adjuvantcd 
vacccme, and virulent PDRC-l strain of the ISH ViruS by using agar gellJumunodiffuslOl1 (AGIO) and enzyme linked 
111llnunosorbcnt assay (ELISA). IBH antIbody was detected from seventh onwards in lBH vaccmaled and lllfected groups 
of chickens by both the tests. Infected and challenged groups exhibited strong immune response when compared with thc 
vaccinated group. The ll1um1Dosuppressed group of chickens mfected with IBH virus showed poor development of IBI I 
antibody. 

Key words: Agar gclll11l1lunodiffusion, Enzyme-linked immunosorbent assay, Inclusion body hepatItis, 
Virus nelltralization 

111C neutralising antibodies developed in lBH infected 
chickens have protective value (Saifuddillg and Wilks 1991). 
An ELISA is as sensitive as virus neutralization (VN) test to 
detect protective antibody (Dawson et at. 1980). 

The present study was therefore planned to evaluate 
development of humoral immune response of chickens against 
IBH vaccination, infection and also to find out the effect of 
1l11l11uno-suppressiol1 on immune responses of chickens 
against IBH virus. 

MATERIALS AND METHODS 

Day-old broiler chicks were used. The referellce IBIl 
antigen and antisemm was obtained from Professor Colin R 
W ilks, Massey University, New Zealand. The PORe -1 strain 
of 1811 VIruS and experimental inactivated oil adjuvant IBH 
vaccme were obtained from Poultry Diagnostic and Research 
Center, Pune. The cyclophosphamide IP was llsed for 
immuno-suppression. The anti-chicken IgG HRPO conjugate 
was used for ELISA. The IBII antigen was prepared as 
McFerran (1980). 

Antiselum to IDE virus was raised in rabbits. The rabbit 
was given 11111 of IBI-! protein antigen (1 000 ~lg/ll11) mixed 
and emulsified with 1 1111 of Freund '5 incomplete adjuvant in 
intel'digital space. The second injection of the 1 ml protein 
antigen (1 000 ~lg/ml) with Iml Fleuncl's complete adjuvant 

Part of Ph.D. Thesis submItted (0 (he Malathwada Agricultural 
Univcrsity,Parbhani. 

Present address: IScientist, Animal Disease Research Centlc, 
lAssociate Professor of Microbiology, lProfcssor and Head, 
Department of Microbiology. 

was administered on 14th day aftcr injection intramuscularly. 
Fourteen days after second injection 1 ml (100 ~lg/JUl) IBH 
protein antigen was injected intravenously. The test bleeding 
was done 7 days after last il1J'ection to confirm production of 
IBH antiserum. 111e AGID test was standardizecl as descrihed 
by Cruickshank et al. (1975). An indirect ELISA was used 
on the lines of Piela and Yates (1983). The experiment was 
plalmed as detailed in Table 1. The evaluation of results was 
done on the basis of statistical analysis (Snedecor and Cochran 
1967). 

RESULTS AND DISCUSSION 

Precipitating antibodies to IBH antigen were detected in 
all semm samples from seventh day post-vaccinatIOn or 
infection (Table 2). The antibodies persIsted for longer 
duration in all the sera of Il3II infected group (I glOup) when 
compared with IBII vaccmated group (V group), suggesting 
that the il11l11unogenicity of virulent virus was supenOl' Lo 
vaccine vi1'l1s. 

1111munosuppresive effect of cyclophosphamide was 
distinctly notIced. The development ofpl'ecipitating antibody 
was transient in Cy/I group. The fl11dings confirm the 
importance Of1l11l1111J10-SUpprcssion stress in the pathogcnc~lb 
of IBH virus mfectioll (Rosenherger ef al. 1975, Faclly er (II. 
1980). 

ELISA was more sensitive to determine the IBH antlbody 
titcrb in the test sera (Table 3). The antibodies were noticed 
from seventh day post-vaccination 01' infection and reached 
peak by 21st day. These observations corroborate the earlier 
findings of Singh and Oberoi (1994), 
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Table 1. Details of the groups of chicks used in the expenment 

Group Total No. 
of chicks 

Details of inoculation Day of maculationl Duration of study 
samples collected 

NO.ofserum No. of he panni zed 
post-inoculation (OPI) (days) samples collected blood 

---------------- -----------------
HC 
V 

20 
20 

NIL Un inoculated control 0-63 
0-63 

zoo 
200 

200 
200 

VI 20 

V2 20 

Cy/I 20 

20 

Tota] 

IBH killed vaccine, 0.5ml, sIc per 0 
chlck 
(i) IBH killed vaccine, 0.5 ml, 0 

sIc per chick 
(ii) IBH virulent virus, 100 ELD 50 420P! 

orally per chick 
(iii) IBH virulent virus, 100 ELD 50 42 OPI 
. oraJly per ehick 
(i) IBH killed vaccine, 0.5ml, sic 420P! 

per chick 
(ii) IBH virulent virus, 100 ELD 50 420PI 

orally per chick 
(i) Cyclophosphamide, 4mg per chick, i/m 
(ii) 3 days prior to infection 
(iii) IBH virulent virus, 100 ELD 50 

orally per chick 
IBH Virulent virus, 100 ELD 50 orally a 
per chick 

o day means seventh day of age. 

Table 2. Detection of IBH preCipitating antibodies in 
different groups 

Days post 
vaccinationl 

infection 

Groups 

No. of positive samples/No. of samples tested 

HC V VI V2 Cy/l 

0* 0120 0120 0/20 0/20 0120 0/20 
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

7 0/20 20120 20/20 20120 09120 20/20 
(0.00) (100.00) (100.00) (100.00) (45.00) (100.00) 

14 0/20 20120 20/20 20/20 10/20 20/20 
(0.00) (100.00) (100.00) (l00.00) (50.00) (100.00) 

21 ** 0/20 20120 20120 20/20 10120 20120 
(0.00) (100.00) (100.00) (100.00) (100.00) (100.00) 

28 0/20 17/20 20120 17/20 10/20 20120 
(0.00) (85.00) (100.00) (85.00) (50.00) (100.00) 

35 0/20] 7/20 20120 J 7120 10/20 20120 
(0.00) (8S.00) (100.00) (8S.00) (50.00) (100.00) 

42~** 0/20 15120 20/20 16/20 10/20 J7/20 
(0.00) (75.00) (100.00) (80.00) (50.00) (85.00) 

49 0/20 13/20 20120 20120 10/20 14/20 
(0.00) (65.00) (100.00) (l00.00) (50.00) (70.00) 

56 0/20 10/20 20/20 20/20 10/20 14/20 
(0.00) (50.00) (100.00) (100.00) (50.00) (70.00) 

63 0/20 10/20 20120 20/20 7120 14/20 
(0.00) (50.00) (100.00)(100.0'0) (35.00) (70.00) 

o day means seventh day of age; * day of vaccinatlonlinfection 
to all groups except HC group; ** day of challenge to VI group 
with virulent lBH virus; 
*** day of challenge to VI and V2 groups with virulent IBH virus; 
figures in parenthesis indicate percentage of positive serum samples. 

0-63 200 2UO 

0-63 200 200 

0-63 200 200 

1200 1200 

The challenge to vaccinated chickens caused remarkable 
drop of ELISA titers for seventh day post-challenge followed 
hy a sharp rise in antibody till the end of experiment. A drop 
in titres clearly indicate involvement of vaccinal antibodies 
in interaction with virulent virus. An anamnestic response to 
precipitating antibodies was also similar. Fadly and 
Winter field (1975) demonstrated the specific lines of 
precipitation with sera from chickens previously vaccinated 
and challenged with IBH vims. 

The observations of this study revealed that in spite of 
comparatively lower titres of antibodies in vaccinated group, 
the vaccine virus was effective and potential immunogen to 
stimulate antibody response so as to protect chickens from 
clinical disease oOBH. All vaccinated and challenged groups 
of chickens were healthy. Pathogenic effects of lBlI virus 
were observed in I group of chicks in addition to 
immunogenicity of the virus. Usually, immune system 
recognizes the immunogenicity but never the pathogenicity. 

Antibody response estimated by ELISA revealed that the 
chicks inoculated with cyclophosphamide and infected with 
IBH virus had very low titers as compared to IBH infected 
group at each interval of study from third week post-infection. 
These observa6ons clearly pointed out the reduced 
immunological competence of chicks due to 
immunosuppression caused by cyclophosphamide. The 
immunosuppressive effect of cyclophosphamide on both 
humoral and cell-mediated immunity is well known (Rouse 
and Szenberg 1974). The importance ofimmunosuppl'essiol1 
stress is well documented (Fadly et al. 1976). The low IBH 
antibody titers in immunosuppressed chickens provide an 
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Table 3. Mean ELISA titers of different groups 
---.------ --------

Days post-vaccinati~n Mean titers ± SE 
_- -- -------- ~--

infectIOn Groups 
-~---- ---_---~---------~ 

HC V VI V2 Cy/l 
-- - --- ,_--_-- - ----- - ----------_ - - ----_ --

(N=20) (N=2o) (N = 20) (N=20) (N =20) (N=20) 
0* n.oo ± (LOO 0.00 ± 0.00 0.00 ± O.DO 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
7 O.OO:L 0.00 20.50 ± 02.11 16.00 ± 01.68 15.00 ± 01. 14 20.00 ± 01.77 22.00 ± 01,86 
14 O.OO± 0.00 4],00 ± 04.22 36.00 ± 04.00 40.00 ± 04.35 64.50 ± 05.05 60.00 ± 04.58 
21** 0.00:1: 0.00 288.001:37.80 230.00 ± 31.25 200.00 ± 21.33 180.50 ± 20.61 32400 ± 35.06 
28 0.00 :1: (J.OO 136.00:'--13.11 184.00 ± 27.90 164.00 ± 16.90 l27.00± 17.79 192.00 ± 17.80 
35 o.ao± 0.00 110.00±10.81 248.00 ± 18.26 104.00 ± 14.91 94.00 ± 10.57 140.00 ± 16.29 
42*** 0.00 ± 0.00 66.00 ± 04,37 344.00 ± 37.22 76.00 ± D9.l3 43.50 ± 05,29 88.00 ± 10.30 
49 D.aO ,I: 0.00 36.00 ± 03.11 HiD.OO ± 17.41 62.DO± 10.75 25.50 ± 02.23 %.00 ± 04.49 
56 0.00 ± 0.00 21.00± 02.39 236.00 ± 28.13 152.00±21.45 14.50 ± 01.14 37.00 ± 03.91 
63 O.OO± 0.00 14.00 ± 01.\2 248.00 ± 30.66 196.00 ± 22.09 12.50 ± 00.99 25.00 ± 02.35 

--.----.----~-------- -- ----------------------- - -._--

o day means seventh day of age, * day of vaccination/infection to all groups except HC group, ** day of challcnge to VI group with 
VIrulent ISH virus, *** day of challenge to VI and V2 group with virulent ISH virus N indicates No. of chickens uscd ill a group. 

evidence to the fact that the susceptibility of chickens to IBH 
infection was greatly enhanced. 
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ABSTRACT 

Pathogenicity of chicken and pigeon isolates of Newcastle disease virus was studied in 3-week-old chickens. Cli11lcal 
signs following inoculation of chicken isolate by oronasal route were observed after an incubation period of 4-5 days that 
included dullness, depression, dyspnoea, diarrhoea and leg paralysis with mortality of60%. Pigeon isolate infected group 
exhibited very mild clinical signs with mOl1ality of 6%. Postmortem examination of birds infected with chicken isolate 
revealed haemorrhages at the tip of the glands of proventriculus and caecal tonsil, while in pigeon isolate group, no gross 
changes were observed. However, histopathological changes were seen invariably in bursa of fabricius, spleen, caecal 
tonsil and trachea of both the groups. Virus was also isolated from various organs of both the groups from 5·1 0 days post 
infection. 

Key words: Chicken, Newcastle disease virus, Pathogenicity, Pigeon 

Newcastle disease virus (NDV), the prototype of the 
paramyxovirus (PMV), is the most important avian pathogen 
throughout the world. The virus is known to infect not only 
chicken but also free flying birds like pigeon which because 
of close contact with poultry offer ample opportunities for 
disease transmission. The virus isolated from pigeon in various 
parts of world has been characterized as PMV-l (Alexander 
et al. 1984.1986) and these isolates were found antigenically 
similar but not identical to NDV. 

The pathogenicity of NDV strains vary greatly with the 
host. NDV strains isolated from pigeons were highly specific 
for pigeons and were non-pathogenic to chickens (Biancifiori 
and Fioroni 1983, Viane et a1.1983). On the other hand, there 
were reports of disease and death in chickens experimentally 
infected with pigeon isolate (Alexander and Parsons 1984, 
Sulochana and Mathew 1991). Therefore, the present 
experiment was undertaken to study the pathogenicity of 
chicken and pigeon isolates of NDV in 3-week-old non· 
inunune chickens. 

MATERIALS AND METHODS 

The virus isolates used in this study were procured from 
Division of Avian Diseases of the Institute. 'TIle chicken and 
pigeon isolates were named as CNDV and PNDV throughout 

Present address: I. lScientist, CSWRI, Avikanagar, Rajasthan 
304501. 

2Sen ior Scientist, JPrincipal Scientist, 4Principal Scientist and 
Head, Division of Avian Diseases. 

the study. The CNDV was isolated from an outbreak of 
Newcastle disease (ND) in chicken. TIle PNDV was recovered 
from the pigeon showing torticollis of neck and paralysis of 
legs and wings. The virus isolates were serially passaged in 
embryonated chicken eggs (EeE) by terminal dilution of 
positive allantoic fluid and finally the virus at fifth passage 
level was preserved in small aliquots at -·2{}QC for further 
use. 

Emblyonated chicken eggs (EeE) 
Embryonated chicken eggs were obtained from Hatchery 

Unit of Central Avian Research Institute (CARl), Izatnagal', 
and incubated (tilll! th day) until use in the experiment. 

Chicks 
Day-old chicks were procured from the CARl and 

maintained in the Division of Avian Diseases, until use for 
experimental purpose. 

Experimental design 
White Leghorn chickens (80) negative for ND-HI 

antibodies were divided into 3 groups keeping 30 birds each 
in 2 groups and 20 birds in third group as control. Chickens 
of group 1 were inoculated with CNDV (0.1 ml, l06EID1o) 

and group 2 with PNDV (0.1 rol, 1 06EIDso) isolates oronasally, 
Birds of each group were kept in isolation units and observed 
for development of clinical signs. From each group 3 birds 
were sacrificed at 3, 5, 10, 15,21 and 28 days post-infection 
(DPI) and were examined for gross lesions. Materials were 
collected for histopathological examination and vilUS isolation 
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from brain, trachea, lung, liver, kidney, bursa of fabricius, 
caecal tonsil, proventriculus and spleen. 

Virus Isolation 
A 20% suspension of the tissue was clarified at 3 000 rpm 

for 10 min and the supernatant was treated with penicillin 
(l 000 IU/ml) and streptomycin (2 mg/ml) and tested for 
sterility on blood agar. For each sample, three ll-day-old 
ECE were inoculated and 3 embryos inoculated with NSS 
were kept as control. Embryos dying after 24 ill' and those 
surviving 5 days post inoculation were chilled at 4°C for 4 hr 
and then AAF was tested for presence of NDV by spot HA 
test. 

Histopathological examination 
The formalin fixed tissues were washed in lUnning tap 

water and dehydrated in ascending grades of alcohol. The 
processed tissues were embedded in paraffin and were 
sectioned at 4-5 ).LID thickness and stained with H & E stain 
as routine. 

RESULTS AND DISCUSSION 

Pathogenicity of 2 Newcastle disease VilUS isolates frop.1 
chicken and pigeon was studied in 3-week-old chickens. 
Following inoculation ofCNDV, clinical signs like d~ll1ness, 
depression, off-feed and severe dyspnoea were observed 3 
DP!. Some birds developed leg paralysis 4-5 DPI followed 
by greenish white diarrhoea in all the birds by 6 DP!. Mortality 
started on 5 DPI (Table 1) and maximum mortality oecuned 
at 8 DPI. After iliat 4 birds survived and they were apparently 
nOlmal without showing any clinical signs. Overall mortality 
became 60% in this group. Similar findings have also been 
obselved in chickens infected with NDV (Allan et al. 1978). 
Hanson (1978) reported that velogenic viruses caused an 
illness of short duration and mortality of 90% or higher. 

Chirkens infected with PNDV did not exhibit any 
pronounced clinical symptoms except dullness, depression 
and anOTexia with 6% mortality (Table 1). Lancaster (1981) 
reported that meso genic viruses spread rapidly within a flock 
producing respiratory and nervous symptoms and mortality 

up to 50%. Strains of NDV highly specific to pIgeons have 
also been reported by Viane et al. (1983) and Pearson et a1 
(1987). However, some workers had described disea'se aml 
death in experimentally infected chickens (Sulochana and 
Mathew 1991). 

Macroscopic examination of dead and sacrificed birds of 
CNDV group revealed haemorrhages at the tip of the glands 
of proventriculus and caecal tonsil. The involvement of 
gastrointestinal tract by this virus confirmed its 
viscerotropism. No significant macroscopic lesion was 
observed in PNDV group. Alexander (1991) reported that 
gross lesions of the disease is directly related to the intensity 
of clinical signs. 

In the birds of group 1, microscopic changes in bursa of 
fabricius observed from 3 DPI included depletion and 
degeneration of lymphocytes in intrafollicular area and 
hyperplasia of lining epithelial cells in the trachea. Spleen 
revealed reticuloendothelial cell hyperplasia, depletion and 
degeneration of lymphoid cells. The changes in the brain 
noticed from 7 DPI comprised neuronophagia, endotheliosis, 
mild perivascular cuffing and focal glial cell accumulation in 
cereblUll1. Degeneration and necroSIS of lymphocytes were 
the main changes in the lamina propria of caecal tonsils 
noticed from 7 DP!. 

Similar type of histopathological changes in various organs 
of chickens infected with NDV have been reported by various 
workers (Beard and Easterday 1967, Cheville et at. 1972), 
Hanson (1978) reported that abnonnalities in eNS were the 
most significant feature of ND and he found neuronal 
degeneration, glial foci, perivascular lymphocytic infiltration 
and hypertrophy of endothelial cells in the brain. 

In PNDV group, the changes in bursa offabricius, caecal 
tonsil and spleen were detected from 3 DP! and mainly 
consisted of depletion, degeneration and necrosis ofJymphoid 
tissues. In trachea, the changes were noticed only at 10 DPI 
tllat included hyperplasia of epithelial cells, Histopailiological 
changes in all the organs were comparable to CNDV group. 

In CNDV group, at 3 DPI, virus was recovered frol11 all 
the organs except brain and provenlriculus, whereas from 5-
10 DPI, virus was isolated from all the organs tested. It is in 

Table 1. Morbidity and mortality pattern of3-week-old chickens following inoculation with CNDV and PNDV isolates 

Birds No. of 
total birds 

Route State of 
chickens 

after inoculation 
3 5 6 

Days post infection 

7 8 9 10 19 
---------_._---_ .. _-----.------._--_. --------_-_._.- --- .. - ._ ... _ .. _. 

3-week·old 30 Oronasal Sick 
chicken (106ElD;/O.111l1 Paralysed 

CNDV) Dead 

3-week-old 3D OronasaJ Sick 
chicken (106EID)O.1 ml Paralysed 

PNDV) Dead 

3 18 6 
3 8 

7 

2 

7 6 

7 

2 N.A. 
N.A. 

2 N.A. 

20 24 
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agreement with the findings of Pare de and Young (1990). In 
PNDV group, the frequency of virus isolation, was less. 
However, virus was detected in some ofthe organs viz. brain, 
spleen and bursa offabricius from 3-15 DPI; and virus was 
also detected in lungs, caecal tonsils and trachea. From spleen, 
virus was recovered even at 21 DPI. 

In conclusion, chicken isolate caused higher mortality with 
marked involvement of gastrointestinal and respiratory tract, 
whereas pigeon isolate produced very low mortality with mild 
clinical signs. It was also reported that passage through 
chickens was necessary for pigeon isolate to regain their 
potential virulence for chickens. Along with that the virulence 
of pigeon isolate for pigeon also get exalted (Alexander and 
Parsons 1984). There is every possibility that the mesogenic 
pigeon isolate may cause outbreaks in chicken, therefore it is 
'Odv\'i;able to vaccinate pigeon 'a'i\ well as chicken whetevel: 
needed. 
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ABSTRACT 

Studies on characterization and strain differentiation of 3 Newcastle disease virus isolates originated from the chicken, 
guinea fowl and pigeon were undertaken by pathogenicity tests and by some unrelated laboratory tests. Chicken and 
guinea fowl isolates were viscerotropic velogeni~ in nature, whereas pigeon isolate was mesogenic in nature. All the 3 
isolates have similar Lype of haem agglutinating properties indicating the presence of same terminal carbohydrate residues. 
Among the 3 isolates, pigeon isolate was inactivated very soon at 56°C, whereas guinea fowl isolate resisted heat for 
longer time. As far as elution pattern is concerned, chicken isolate was a rapid eluter while guinea fowl and pigeon Isolates 
were slow eluters. However, rate of elution was very slow for pigeon isolate than guinea fowl isolate. No relatIOnship 
could be established between the pathogenicity indices and other laboratory tests. 

Key words: Chicken, Guinea fowl, Newcastle disease virus, Pigeon, Strain differentiation 

Newcastle disease virus (NDV) isolates differ in their 
ability to induce disease al1drespond to laboratOlY tests. Based 
upon the pathogenicity for chicken and chick embryo, NDV 
strains are divided into lentogenic, mesogenic and velogenic 
groups. 

The importance and impact of a particular NDV isolate is 

directly related to its virulence. Various laboratory tests which 
have been used for assessing the pathogenicity of the virus 
are mean death time (MDT) in embryonated chicken eggs 
(ECE), intracerebral pathogenicity index (ICPI) in day-old 
chicks, intravenous pathogenicity index (IVPI) in 6-week
old susceptible chickens and cloacal and conjunctival mean 
death time (CCMDT) in 8-week-old chickens (Alexander and 
Allan 1974, Allan et al. 1978, Alexandr and Parsons 1984). 
The strain differentiation of NDV isolates is based on 
haemagglutination (HA) of mammalian erythrocytes, 
thermo stability of haemagglutinin, and their HA elution 
pattern. In the present investigation the above all laboratory 
tests were used to group the isolates and then to differentiate 
the NDV strains fr0111 one to another. 

MATERIALS AND METHODS 

Virus 
All the NDV isolates of chicken, guinea fowl and pigeon 

origin, procured from Division of Avian Diseases of the 

Present address: 1.4Scientist, CSWRI, Avikanagar, Rajasthan 
30450 I. 

2Senior Scientist, IVRI; 3Principal Scientist and Head of Division 
of Avian Diseases. 

Table 1. Pathogenicity indices ofNDV isolates 

Virus 

Pathogenicity index CNDV GNDY PNDV 

MDT 56 hr 48 hr 84 hI' 
lCPI 1.75 1.50 1.16 
IVPI 2.51 2.57 1.01 
CCMDT 4 days 6 days 

------
No mortality. 

institute, were serially passaged in embryonated chicken eggs 
by telminal dilution of positive allantoic fluid and finally fifth 
passaged material was preserved in small aliquotes at-20°C 
for future use. Chicken, guinea fowl and pigeon isolates were 
named as CNDV, GNDV and PNDV, respectively, throughout 
the study. 

Embryonated chicken eggs (BeE) 
Embryonated chicken eggs were obtained from the 

Hatchery Unit of Central Avian Research Institute (CARl), 
Izatnagar, for the experimental pll11Jose. 

Chicks 
Day-old chicks were raised uncler same environmentai 

condition till used in different experiments. Chicks negative 
for ND-HI antibodies were used for experimental purpose. 

MDT, IePI and IVPI 
The tests were performed as pel' Allan et al. (1978). 
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Table 2. Agglutination of RBCs of different species 
with NDV isolates 

Virus 
HA titre (log2) of viruses with 1 % RBCs 

Cattle Rabbit Horse Chicken Sheep 

CNDV 
GNDV 
PNDV 

4 
4 
4 

*Not agglutinated. 

CCMDT 

,.. 

* 
* 

6 
6 
6 

6 
7 
6 

6 
4 
6 

The test was performed as described by Hanson (1980). 
Eight- week-old ND seronegative chickens (4 birds per each 
virus) were inoculated by swabbing 0.1 rul of undiluted virus 
infected amniQallantoic fluid (AAF) onto conjunctiva and into 
cloaca. Birds of each group were kept separately and observed 
daily until death or for 10 days. 

Agglutination a/mammalian eJythrocytes (1%) 
A standard micro HA test was performed for all the 3 NDV 

isolates with chicken, cllttle, rabbit, sheep and horse RBCs 
(Allan et al. 1978). 

Thermostability of haemaggiutinin and infectivity 
. Stability of HA to temperature was carried out following 
the procedure of Hanson and Spalatin (1978). 

Haemagglutination (HA) elution 
To assess the HA elution pattern of viruses, the test was 

conducted by using the protocol of Spalatin et al. (1970). 

RESULTS AND DlSCUSSION 

Pathogenicity indices of 3 NDV isolates are presented in 
Table 1. These values fall within the range given for velogenic 
strains, as reported by Singh and Singh (1970) and Allan et 
ar. (1978). The MDT, ICP! andIVPI ofPNDV fall within the 
range prescribed for meso genic strains. Similar repOlts were 
given by Allan et at. (1978) and Alexander and Parsons 
(1984). 

Cloacal and conjunctival mean death time of 3 NDV 
isolates was conducted. The GNDV and CNDV upon 
inoculation onto conjunctiva and into cloaca of 8-week-old 
chickens caused diarrhoea and death of all the birds within 4-
6 days post infection (DPI) and postmortem examination 
revealed haemorrhages in proventriculus and caecal tonsils 
in both the groups. Therefore, both the isolates were classified 
as viscerotropic velogenic virus. No mortality was recorded 
in the chickens following PNDV inoculation, however, mild 
clinical signs were observed in all the 4 birds that confumed 
the isolate to be a meso genic strain. Alexander and Allan 
(1974) reported CCMDT (4-8 days) to be a valuable method 
to differentiate between the viscerotropic and neurotropic 
strains ofNDV. 

Based upon MDT, lePI, IVPI and CCMDT of 3 NDV 
isolates, CNDY and GNDY were identified as viscerotropic 
velogenic strains and PNDV a mesogenic strain. 

Haemagglutination pattern of3 NDV isolates revealed that 
all ofthern agglutinated horse, chicken and sheep erythrocytes 
more or less in similar manner, whereas with cattle RBCs, 
titre was low and with rabbitRBCs, there was no agglutination 
(Table 2). Various workers reported that ability to agglutinate 
cattle, goat, sheep, swine and horse cells varied with the strains 
ofNDV within pathotypes (Winslow el al. 1950, Yijayaram 
et al. 1992). Similar haemagglutination pattern ofthe 3 virus 
isolates with RBCs (lfvarious species indicated the presence 
of same carbohydrate moieties as the teonina! reSldues of 
their haemagglutinin, however, they varied in virulence. It is 
in accordance to the finding of Winslow et al. (1950), who 
reported the ability of some NDV strains to haemagg!utinate 
horse or sheep erythrocytes, while other could not, apparently 
indicated that the viruses had different carbohydrate moieties 
present as the terminal residues of their haemagglutinin. 

Thermostability of haemagglutinin and infectivity of all 
the 3 NDV isolates were estimated by exposing vil111SeS to 
56°C for 5-120 min. The lIA activity ofPNDV and CNDV 
was lost after 30 and 45 min, respectively, whereas HA activity 
of GND V was completely lost only after 120 min of exposure, 
However, infectivity of all the 3 isolates has taken longer 
time to get inactivated than their haemagglutinin. Infectivity 
of PNDV and CNDV w(lre completely inactivated after 45 
and 60 min of exposure, respectively, while GNDY waS not 
inactivated completely even after 60 min of exposure. This 
may be due to the involvement of different viral proteins CfIN 
for HA activity and lIN and F for infectivity) for both the 
activities. On the other hand, Allan et al. (1978) reported that 
most of the strains of chicken origin got inactivated within 
30 min at 56°C. Tolba and Eskarous (1962) reported that the 

Table 3. Haemagglutination elution pattern ofNDVisolates 

Events of elutions Viruses 

CNDV GNDV PNDV 

Elution time 2 hr 120 hr Not eluted 
within 120 hr 

Elution pattern Eluted Not eluted Not eluted 
after 24 hr 

Elution pattern Eluted Not eluted Not eluted 
after resuspension 

Original HA titre' 10 11 10 

HA titre' <1 7 7 
before resllspension 

HA titre' <1 7 7 
after resuspension 

'RA titre expressed in log2 
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HA activity was not necessarily inactivated at the same rate 
as was the infectivity of virus. In our study, no correlation 
between the rate of inactivation of infectivity and 
haemagglutinin with the vimlence of viruses was observed. 
These findings are in accordance with those of Hansoll and 
Spalatin (1978). 

Haemagglutination elution pattem of all the 3 NDV isolates 
revealed that CNDV was a rapid eluter, whereas GNDV and 
PNDV strains were slow eluters. While GNDV strains was 
eluted within 120 hr, the pigeon isolate did not elute even 
after 120 hr. The test was also conducted by an alternate 
method where after 24 hr the contents of the wells were 
resuspended and the reading was taken after 2 hr. The findings 
of both the tests were similar. Spalatin et al. (1970) also 
reported that the second method gave comparable results to 
the first method. Elution pattern was different even among 
the velogenic viruses (CNDV and GNDV), as CNDV was a 
rapid eluter and GNDY was slow eluter. Spalatin et al.(1970) 
also reported that both slow and rapid eluters were present 
equally in 3 NDV pathotypes. In this present study no 
relationship was found between HA elution pattern and other 
properties of the same slTain, viz. pathogenicity index, HA 
activity and thermostability of haemagglutinin, as reported 
previously by Spalatin et al. (1970). 

From the above all studies, it is concluded that chicken 
and guinea fowl isolates were viscerotropic velogenic in 
nature and pigeon isolate was a mesogenic strain. However, 
all the strains differ [rom one to another in the laboratory 
tests. Even among velogenic isolates, strain variation was 
there. Haemagglutination pattem was almost similar for all 
the strains, whereas the elution pattern was different for all 
of them. ThernlOstability of haemagglutinin and infectivity 
was also different. No relationship could be established 
between the pathogenicity tests with other laboratory tests. It 
seems that origin of all the 3 isolates may be different. 

ACKNOWLEDGEMENT 

The authors are thankful to Director, IVRI, for providing 
facilities to carry out the research works. 

REFERENCES 

Alexandcr D J and Allan W II. 1974. Newcastle disease virus 
pathotypes. Avian Pathology 3: 269-78. 

Alexander D J and Parsons G. 1984. Avian paramyxovirus type 1 
infections of racing pigeons.2. Pathogenicity experiments in 
pigeons and chickens. Veterinary Record 114: 466-68. 

Allan W H, Lancaster J E and Toth B. 1978. Newcastle disease 
vaccines-their production and usc. FAO Animal ProductIon 
Series No. 10, FAD Rome. 

Burnet F M. 1942. The affinity of Newcastle disease virus to the 
Influenza virus group.Australian Journal of Experimental 
Biology Medical SCience 20: 81-88. 

HanSOll R P. 1980. Newcastle disease. Isolation and IdentificatiOIl 
of Avian Pathogens. pp. 63-66a. (Eds) Hitchner S B, Domelmuth 
C H, Purchase H G and Williams J E. American AssocIation of 
Avian Pathologist., Kennett Square PA 

Hanson R P and Spalatin J. 1978. Thermostabiljty of the 
haemagglutinin of Newcastle disease virus as a stmin marker in 
epizootiological studics.Avian Diseases 22: 659-65. 

Singh S B and Singh I B. 1970. S0:l1e observations on the virulence 
of Newcastle disease virus ';lrains.Jollfllal o/Research, Punjab, 
Ludhiana, lndia 7(1): 100-07. 

Spalatin J, Hanson R P and Beard P D. J 970. The hacmagglutination 
elution pattern as a marker in characterizing Ncwcastle disease 
virus.Avian Dise,lses 14: 542-49. 

Tolba M K and Eskarous J K. 1962. Arch Kreislaufforsh 38: 234-
40. (fide Hofstad et al. 1984, Diseases of Poultl)!.) 

Vijayarani K, Kuman:m K, Elankul11aran S and Albert A. 1992. 
Characterization of field isolates of Newcastle disease 
virus.Indiatl VeterillOlY }ournaI69: 584-88. 

Winslow N S, Hanson R P, Upton E and Brandly C A. 1950. 
. Agglutination of mammal ian erythrocytes by Newcastle disease 

virus. Proceedings ofSociety E).perimental Biology 74: 174-78. 



Indwn Journal of Ammal SCiences 70 (4): 349-352, AprIl 2000 

Role of Lymnaea luteo/a in spreading Schistosoma incognitum 
in an endemic area 

Me AGRAWAU, JOMINI GEORGE2 and SA MIDHA GUPTN 

lawaharlal Nehru Krishi Vlshwa Vidyalaya, Jabalpur, Madhya Pradesh 482 001 

ReceIved: 27 July 1998; Accepted: 11 October 1999 

ABSTRACT 

The potential transmission role of Lymnaea luteola, the snail intermediate host of Schistosoma mcognitum In an 
endemic area, was studied. Out of3 991 L. Meola collected [rum Marhai, Suhagi and Gorakhpur areas of Jabalpur, 134 
(3.35%) were positIve for S. incognitum cercariae wIth marked seasonal vanation. L. luteola were experim .. ntaily Infected 
in an artificially prepared tank with pig faeces (60 or 160 g) harboUring S. incognitum miracidia. The snaIls started 
shedding S. incognitum cercariae on day 28 or 38 day post-infection (DPI). Cercarlal shedding was the highest on 28 to 43 
DPI with the highest infectivity of26 to 35%. Subsequently, the snails discharging cercariae dimmished to 5-10% with no 
shedding of cercariae was seen from 58th to 65th DPI reflecting heavy mortality of positive snails within a short lleriod. 
The field collected snails (39) were found to discharge S. incognitum cercariae for I-IS days (average 6 days) till their 
death. The daily cercarial output per snail varied from 6.6 to 326.6 (minimum) and 106.6-1 006.6 (maximum). Tile total 
number of S. incognitum cercariae shed by a single snail during its life tlme ranged from 73 to 4 929 depending on days 
of survival of the snail. 

Key words: Freshwater snalls, Laboratory infectIOn, Lymnqea luteola, Prevalence rate, Schistosoma ineogni(um 

The blood-fluke, Schistosoma incognitum, was fjrst 
detected in human stools (Chandler 1926) and later in pigs 
(Rao and Ayyar 1933). Since then, the parasite is reported 
from South East Asia infecting primarily pigs but sheep, goats 
and other animals are also incriminated (Agrawal and Shah 
1989). By experimental infection, its intermediate host Was 
confirmed to be Lymnaea luteola as other snail species failed 
to develop cercariae of S. incognitum (Sinha and Srivastava 
1960). A Whole year survey revealed 2.18% (Sinha and 
Srivastava 1960) or 3.5% (Kohli 1991) L. luteola to be positive 
for S. incognitum cercariae with seasonal differences. L. 
luteola has been used for supply of S. incognitum cercariae 
for experimental schistosomosis (Ahluwalia 1968, Borkakoty 
1975, Bhatia et al. 1976, Agrawa11978) but without studying 
details of the snail or emergence ofthc cercariae. Therefore, 
no detailed studies appeared to have been made on the role 
of L. luteo/a in spreading S. incognitum to understand the 
epizootiology of the infection. Recently, we have reported 
the role of IncZoplanorhis exustus in spreading schistosomosis 
in the endemic areas (Mishra and Agrawal 1998). The present 
studies have been undertaken on L. Iuteola infected with S. 
incognitum and reported here under. 
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MATERIALS AND METHODS 

Studies were undertaken to observe seasonal variation if 
any in the shedding of schistosome cercanae by L. luteola 
snails in the natul1\l habitat and the cercaria] emergence pattern 
in experimentally induced infections. 

Screening of wild L. luteola 
Freshwater snails including L. luteola were collected from 

Suhagi, Marhai and Gorakhpur areas of Jabalp'Ur which are 
known endemic foci for S. incognitum. L. luteola wete 
separated and exposed to artificial light, first in groups of 10 
and later individually from positive groups either in a glass 
beaker or in specimen tubes. This beaker or glass-tube was 
checked for presence or absence of S incognitum cercariae 
by placing an eye piece (6 x) in an invelted position on the 
glass wall which facilitated observation of gross 
morphological features of the emerging cercariae. Mammalian 
schistosome cercariae which concentrated on upper water 
surface were considered as those of S. incognitum. In a few 
cases, the cercariae were differentiated on the basis of their 
furcal tips (Kohli and Agrawal 1995). 

Cercarial emergence 
Screening of L. Iuteola by the above method facilitatM 

separation of the snails shedding S. incogni(uln cellcifriae, 
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Table I. Screening of field Lymnaea luteo/a for Schistosoma 
incognitum cercariae 

------_. 
Month of Area of No. of L. luteola positive/ Percentage 
collection collectIOn collected positive 

Jan. 97 Marhai 13/238 5.46 
Feb. 97 Marhai 41126 3.17 
Mar. 97 Gorakhpur 5/201 2.48 
Apr. 97 Marhal 2/54 3.7 
Aug. 97 Marhai 0174 0 
Aug. 97 Marhai 13/100 13 
Sep. 97 Suhagi 3/69 4.34 
Sep. 97 Marhai 4/560 0.71 
Sep.97 Marhai 13/383 3.39 
Oct. 97 Marhai 0150 0 
Oct. 97 Marhai 7/386 1.84 
Oct. 97 Suhagi 11100 1 
Nov. 97 Marhai 21150 1.33 
Jan. 98 Marhai 4/300 1.33 
Jan. 98 Marhai 13/200 6.5 
Feb.98 Marhai 5011 000 5 

Jan 1997 to Feb 1998 13413991 3.35 

These positive snails were transferred individually in test
tubes each containing 15m! of stored water and piece of 
mulberry leaf as its feed. These snails were kept in diffused 
light without their exposure to artificial light; water from the 
tubes was removed for cercarial count every day at 10.00 AM 

and tubes were refilled with stored water along with addition 
of mulberry leaf. The procedure was repeated till death of the 
snail. For counting of the cercariae, 3 a1iquots, each ofO.5ml, 
were removed from the test-tube after thorough mixing of 
the water. A drop of aqueous iodine was then added to stain 
the cercariae before countlllg under a stereoscopic microscope. 
The average of J aliquots was multiplied with total quantity 
of water (15m!) to know total number of cercariae shed by a 
snail in a day. Thus, the cercarial output per day per snail, 
their minimum and maximum number, duration of their 
discharge and total cercarial output dUling their life time were 
estimated from 39 positive L. luteola snails. 

Laboratory infection 
The previous workers (Sinha and Srivastava 1960, 

Borkakoty 1975, Avsatthi 1976, Kaur 1985) infected 
laboratory bred L. luteola with miracidia of S. incognitum 
individually in the test-tubes. This method was not identical 
to field conditions, led to heavy snail mortality, and required 
daily personal attention. In present work L. luteola were 
maintained and bred in the artiflcial tank to simulate field 
conditions as per the method of Agrawal (1999). A small 
tank of 2.50 m diameter with 0.325 m depth in centre and 
OJ a m on the peIiphery containing sand, pond mud, Hyacinth, 
Vallisnal'ia, Nyrnphaea spp. was used for present study. To 
this pond, pig faeces, checked and found highly positive for 
S. incognitum miracidia, were added. In all, 3 experiments 
were conducted; the first was in September 1995 with addition 

Table 2. Pattern of Schistosoma incognitum cercarial o,hedding by 
the field LYl1l1luea luteo/a snads 

---------_--_. --------
No. of Total No. of Total cercaria A vcrage total 
positive cercarial cercariae dis- - shed by cercariae 
snails discharge charged per individual snail shed by the 

period snails per in its life snail in its 
(in days) day span !tfe 

------~--- .. --- --~~---

Min Max Min Max 
----------~~--.---- -- ----~ - -------
2 I 73.3 106.6 73.3 106.6 89.9 
1 2 326.6 360 686.6 686.6 686.6 
2 3 13.3 433.3 746.5 766.6 756.5 
3 4 80 653.3 506.5 1619.9 944.3 
7 5 26.6 879.9 933.1 2709.6 1814.4 
5 6 13.3 699.9 1033.1 3279.8 1787.7 
5 7 6.6 1006.6 1326.5 4093.1 2451 
8 8 6.6 626.6 1499.7 2797.5 2102.7 
3 10 6.6 673.3 1193 4279.3 2839.5 
1 12 199.9 630 3749.5 3749.5 3749.5 
2 15 189.9 889.9 3289.1 4929.3 4109.2 

39 1 to 15 6.6 1006.6 73.3 4929.3 89.9-4109.2 
.--.-~--.. --,~------- -----

of about 500 miracidia, second in October 96 with 160 g pig 
faeces and third in October 9 7 with addition of 60 g pig faeces. 
In the first experiment, f 0 snails were removed from the pond 
on 28th day post in1ection (DPI) and were checked for S. 
incognitum cercru.iae. The positive snails were separated while 
negative snails were re -exposed on subsequent days and this 
procedure wat continued till no snail tumed positive. This 
was to know ,he incubation period in different snails which 
were exposed to pig faeces simultaneously at one time. In 
second and third (,"xperiments, 20 or more snails were checked 
individually at frequent intervals by exposing them to artificial 
light till they were confirmed negative. The positive snails 
were not added back into the tank but used for other work. A 
total of 520 snails were checked in second experiment while 
635 snails were checked in third experiment (Table 3). 

RESULTS AND DISCUSSION 

We have checked the wild snails directly in the glass 
beaker/specimen tube with the help of an eye piece (6 x) 

where-as previous workers (Borkakoty 1975, A vsatthi 1976, 
Shrivastava 1977, Agrawal 1978) checked the water either 
with naked eye or a hand lens or part of the water under a 
stereoscopic microscope. Our present method detected even 
2-3 cercariae present in the water with little dTorts. Likewise, 
we have used artificial tank for mfectmg L. luteola with S. 
incognitum whereas Sinha and Srivastava (1960) infected 
laboratory bred L. luteolu with miracidia of S. incognitum 
individually in the test-tubes. The present method was more 
close to field conditions and enabled observations in large 
number of snails unqer simulating field conditions. 

The field survey revealed that 3.35% L. luteola were 
positive fat'S. incognitum cercariae whereas Sinha and 
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Table 3. Number of laboratory infected pOSitive snails 
at different time mtervals 

posihveness was observed during September and October 
(Table 1). These observations suggested that though 
prevalence of schistosome cercariae in L. luteola was 
seasonally affected, there are other factors also which are 
determining positiveness of the snails. These might be size 

Days No.of No.of 
after snails positive 
infection examined snails 

Experiment No.2 

28 50 13 
30 50 11 
33 20 5 
34 20 4 
36 20 4 
38 20 1 
41 20 3 
42 20 4 
43 20 2 
44 20 3 
47 20 I 
48 20 2 
50 20 1 
51 20 3 , 

S4 20 3,~' 
55 20 2' 

1 
56 20 4 
57 20 2 
58-65 100 0 

Total 520 68 
--~ .. - .~ -- -- -- --~----- -_------

Expenment No.3 

38 50 10 
40 60 9 
41 40 4 
42 22 4 
43 20 7 
45 20 2 
46 20 0 
47 50 3 
49 20 0 
50 20 2 
54 20 2 
55 20 0 
56 20 0 
57 20 0 
58 97 3 
59-64 138 0 

Total 635 46 
-------~ 

, 

Percen
tage 

and genetics of snail population, spot, and time and number 
of snails collected. It will be Justitlable to study the factors 
other than the season which are influencing prevalence of 

26 schistosome cercariae in freshwater snails. 
;~ The ovelall prevalence rate in wild 1. luteola did not exceed 
20 13% but when these snails were exposed to S incognitum 
20 miracidia in the artificial tank, as high as 35% of the snails 
5 were found to discharge cercariae. Thus, there was a marked 
15 variation in number of snails discharging cercariae under 2 
20 circumstances. The higher prevalence rate in artIficial 
10 infection became more important since snails were exposed 
15 only once with pig faeces whereas in nature they are 

~l\"< /t.~ jL~""' continuously being exposed to the miracidia. Perhaps, in 
t>-,p-" S .Ut. t. e too such a higher proportion of the snails pick up the 

15 . . on but heavy mortality reduces the prevalence rate to 
d5 ... ",,"'~ B so. This appeared so as in present e'Kperiment also, 

1 '5 FELlo "~ the her positiveness of 35% reduoed to 5-10% within a 
20 sho pan of 20 days with detection of no positive snails 

~; "'~'''i'o-'''''''''''' 58 DPI. Perhaps, positive snails were further reduced 

13.07 

20 
15 
10 
20 
35 
10 
o 
6 
o 
10 
10 
o 
o 
o 
3 
o 

7.24 

Srivastava (1960) and Kohli (1991) reported 2.1 8% and 3.5% 
to be naturally infected from Barielly and Jabalpur 
respectively. The results also suggested seasonal variation in 
prevalence rates (Table 1). However, more important was 
the neganveness of all the 74 snails of Marhai collected on 
20.8.97 but positiveness of 13% snaIls when collected from 
same pond only 2 days later. Likewise, marked variations in 

ce could not be detected in 20 or SO snails examined (Table 
3). This could happen only by heavy mortality of infected 
snails and corning up of neW uninfected snail population 
during the ensuing period. A heavy infection of Sspindale in 
I.exustus was also responsible for eady death of I exustus 
(Mishra and Agrawal 1998). This pathology tnight be related 
to degree of inherited resistance of the snails towards 
trematode or schistosome infections. Additionally one 
interesting observation was about difference in incubation 
period and negativeness as revealed in fttst experiment of 
laboratory infection of the snails. The group Started shedding 
the cercariae on 28th DPI. On 34th DPI out of 53 snails l 24 
were negative, Twenty-three of these negative Sn&il8 were 
re-exposed on 35th DPI when 4 snails shed the cercariae. 
Likewise, out of these 16 (3 died) negative snails,S turned 
positive on 37th OPI. However, no negative snails out of 11 
turned positive when examined on 38th and 39th DPI. Neither 
their teasing revealed any schistosome cercariae. These results 
not only reflected differences in the incubation period in the 
snails, exposed at the same time, but also identlflt~d 11 snails 
which were capable to resist the schistosome mfection. 
Similarly, about half of the population of L. luteola in other 
experiments (Table 3) did not develop S. incognitum mfection 
despite presence of S. Incognitum miracidia ill the 
environment. These events appear genetically related. 
Therefore, it is essential to study population dynamiCs of the 
snails to understand the relative susceptibilIty and! or 
refractory nature and threshold levels leadmg to mortality of 
freshwater snails due to schistosome infections. 

The wild positive L. luteola survived only for 1-10 days 
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except for 1 snail which survived 12 days and 2 snails which 
survived 15 days (Table 2). This is in contrast to the reports 
of survival of positive l.exustus f01' 11-35 days (Mishra and 
Agrawal 1998). Beside duration of the survival, the 2 snails 
differed greatly in minimum, maximum and total number of 
cercariae shed by these snails. Thus, as high as 77 890 
S.spindale cercariae were shed by a single /. exustus during 
its life span (Mishra and Agrawal 1998), whereas only 4 929 
S. incognitum cercariae were discharged by a single L. luteola 

(Table 2). The maximum number of cercariae shed by L. 
luteola in a day was also lower (1 006) in comparison to that 
of J.exustus (13 000) (Mishra and Agrawal 1998). 
Nevertheless, L. luteola also continued to shed the cercariae 
of S. incognitum till its survival much like J.exlistus. These 
observations suggested that L. luteola has lower potential for 
spreading schistosomosis in comparison to that of J.exustus. 
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ABSTRACT 

The information on caprine haemonchosis is meagre. Therefore, present study was made to study the haematologlcal 
changes in experimental Haemonchus contortus infection m Barbari goats. The 12 male goats of 6-9 months age were 
divided in 2 groups A and B having 8 infected and 4 control ammals respectively. Selected animals were first screened 
and made free from any endo- and eeto-parasites. These were kept under strict hygienic conditions and provided with 
clean water and tree tops without any grazing. The animals in group A, were administered with 5 000 L3 (H. contortus) 
orally, while those in group B were kept as uninfeeted control. Both the groups were bled every week and blood samples 
were examined for haematologlcaI parameters, viz. pev, Rb and TEe and erythrocytic indexes of MeV, MCR and 
MeRe were worked out. Statistical analysis oftbe data revealed significant fall ofPCV, Hb, and TEe in infected goats 
when compared with control indicating anaemia marked by no appreciable change in MCV artd thus absence of 
reticulocytosis. Pathogenesis of anaemia was attributed to haemorrhage and haemodilution after infection. 

Key words: Goats, PIaematology, Haemonchosis 

The information on caprine haemonchosis is meagre. The 
present study was Undertaken to examine the haematological 
changes which occurred in Barbari goats experimentally 
infected with H. confortus. 

MATERIALS AND METHODS 

Male Barbari goats (12) of 9-12 months age having 
approximately same weight and health status were used for 
the present study in the Department of Parasitology, 
Veterinary College, Mathura. The goats were screened for 
haemoprotozoans along with other endo- and ecto-parasites. 
All the animals, irrespective of presence of infection, were 
treated with broad spectrum anthelmintic orally twice at 3 
weeks interval for internal parasites and 0.8% malathion 
acaricide through dipping. After 1 month, post-treatment, 
interval the animals were divided into 2 groups A and B, 
consisting of 8 and 4 animals and designated as infected and 
control groups respectively. Both the groups were maintained 
in strictly hygienic conditions without grazing and provided 
with clean water, tree toppings and concentrate to avoid 
unwanted infection. The third stage larvae (L3) used for 
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experimental infection were obtained through mass 1arvae 
culture from a laboratory reared donor sheep with pure H. 
contortus infection. The animals of group A were only given 
about 5 ODD L3 of Haemonchus contortus orally after 
overnight starvation. The animals of both the groups were 
bled weekly and blood samples were examined for packed" 
cell volume (PCV), haemoglobin (Hb) and total erythrocyte 
count (TEC). These haematological observations were used 
to calculate the erythrocytes indexes i e MCV, MCH and 
MCHC. 

The 'mean' herein refers to least-squares means as the data 
available was analyzed using Harvey (1975) analysis for 
comparison of groups, infections, and weeks. The significance 
of the difference between means was determined by using 
critical difference tests. 

RESULTS AND DISCUSSION 

Haematological observations recorded under the present 
study in H. contortus infection in Barbari goats, showed 
decline in infected group than control animals (Tables 1,2). 

The mean PCV in infected group dropped by 33.98% than 
control over 6 weeks of study. The sharpest decline ll1 PCV 
was recorded in first week when it fell to 19.62 ± 0.77 cm in 
infected animals in contrast to mean PCV value of 26.75 ± 
1.09 cm observed in control. The changes were not sigmficant 
after 2 weeks of infection. 

Haemoglobm concentration (g/dl) changed significantly 
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Table I. Analysis for variance for haematological parameters in 
H. cOl1tortttS infection 

Source df Mean sum of squares 

PCV Hb RBC MCV MCH MCHC 

InfectIon 1413.93*'" 76.73** 326.73* 23.38 16.29"'''127.30''-

Weeks 5 4.12 0.39 5.&9"'* 35.02 .... 4.07* 3.13 

InfectlOn 5 7.90 0.36 6.35** 24.64H 2.71·* 1.85 
weeks 

Remainder 54 4.77 0.46 0.40 7.00 0.73 6.06 

(P>O.Ol) against control. Mean Rb concentration in infected 
animals dropped by 27.37% over 6 weeks. The lowest 
recorded Hb concentration in this group was 5.70 ± 0.28g/dJ 
(Table 2) showing a drop 0[29.80% in sixth week. The weekly 
mean Hb concentration in infected animals, however, showed 
variability and remained lower than control. 

Mean erythrocyte count (TEC) in group A, was observed 
to be 8.32 ± 0.09 million I nun3) which was significantly 
(P<0.05) lower than 12.95 ± 0.12 million from3

) recorded in 
controls. Thus, there was a drop of 35.75% over 6 weeks. 
Weekly mean value also showed significant (P<0.05) 
variations (Table 1) which were higher in first 3 weeks than 
in following weeks. 

There was no significant change in mean MCV index. But 

weekly mean MCV increased significantly in group A for 
first 4 weeks before it declined during next 2 weeks. MCR 
value in the animals of group A was significantly higher than 
control. Weekly mean corpuscular haemoglobin also varied 
significantly with respect to time interval and a steady increase 
was noted by fourth week. Thereafter, thc index reduced 
gradually. The MCRe calculated in infected animals was 
significantly higher than in control animals. 

Pradhan and Johnstone (1992) reported apparent drop in 
PCV, Hb concentration and RBC count at 7 day in sheep and 
described the anaemia as macrocytic with increased MCV 
and MCR but without appreciable change in MCHC. Dargie 
and Allonby (1975) described anaemia due to haemonchosis 
developing in 3 stages. Allosa (1977) described anaemia as 
nonnocytic normochromic with low PCV, RBC and Hb 
concentration. Ahmad and Ansari (1989) repOlted depletion 
in RBC, WBC, PCV and Rb concentration. Chartier and 
Benoit (1992) described haematological changes in goats and 
reported moderate but continuous decline trend of about 25-
30% in Rb, RBC and PCV. Significant drop of PCV, RBe 
and Hb in our study in goats was generally comparable to 
earlier reports. Marked drop in PCV in first 3 weeks associated 
with significant decline in TEC encountered, can be attributed 
primarily to massive abomasal haemorrhage by active feeding 
habit of developing stages and the adult worms, and 
secondarily delayed erythropoietic system activation was also 
considered to be a contrib~ltory factor (Dargie and Allonby 

Table 2. Factor-wise least squares means of various haematological parameters in H. contortus infection in goats 

Factor Observation PCV(%) Rb (g/dl) RBC (millionfI11l113) MCV (fl) MCR (peg) MCHC (gfdl) 
------- ---~-----

Overall 66 23.59±0.28 7.10±:0.08 10.63:1-0.08 22.56±:0.33 6.86±:0.10 30.44±.31 
Groups 
A 42 18.78±:0.33 5.97±:0.10 8.32±:0.09 23.18±0.40 7.38±:0.13 31.89±:0.38 
B 24 28.41 ±:0.44 8.22±:0.14 12.95±:0.12 21. 94±:0.54 6.35:1::0.17 29.00±:0.50 
Weeks 
I 12 23.18±:0.66 7.03±:0.21 11.98±:0.19 19.29:1:0.81 5.85:1:0.26 30.75±:0.75 
II 11 24.37±:0.86 7. 19±:0.2 11.07±:0.19 21.85±0.82 6.49±0.06 30.04±:0.77 
III 11 24.39±0.68 7.25±0.21 IO.Il±:.19 24.39±0.82 40:1:0.26 30.32±:077 
IV 11 23.57±:0.68 7.34:1:0.31 10.21±:0.19 23.89±0.82 7.54±:0.26 31.420.77 
V 11 23.07±0.68 6.98±:0.21 10.14±:0.19 23.15:1:0.82 7.08±0.26 30.52±:0.77 
VI 10 23.00±0.70 6.80:1:0.22 10.28±:0.20 22.8l:J:0.85 6.81±:0.27 29.80±0.79 
Groups x weeks 
Axl 8 19.62±:0.77 6.23:1:0.24 11.10±:0.22 17.97:1:0.93 5.64±:0.30 31.90:1:0.87 
Bx} 4 26.75:1:1.09 7.28±:0.34 12.86±:0.31 20.79:1:1.32 6.07:l0.42 29.25±: 1.23 
AxII 7 19.00±0.82 5.91±:0.26 9. 12±:0.24 20.87:1:1.00 6.49±:0.33 31.54±0.94 
8xIl 4 29.75±1.09 8.47:1:0.34 13.03±:0.31 22.82±:1.32 6.50±:0.42 28.54±1.23 
AxJII 7 18.28:1:0.82 5.95±:0.26 7.32±:0.24 25.16±:1.00 8. 19±:0.32 32.57±:0.93 
BxlII 4 30.50±:]'09 8.55±0.34 12.91±:0.31 23.62±:1.32 6.62±0.42 28.07±[.23 
AxIV 7 19.14:1:0.82 6.28±0.26 7.35±:0.24 26.35±: 1.00 8.19±0.32 32.82±:0.93 
8xIV 4 28.00:1:],09 8.40±:0.34 13.08±:0.31 2).43±1.32 6.62±0.42 30.02±].23 
AxV 7 18.14±0.82 5.77:1:0.26 7.37±0.24 24.62±: 1.00 8.65±:0.32 31.66±:0.93 
8xV 4 28.00±]'09 8.20±:0.34 12.92±:0.31 2 1.67±: 1.32 6.43:1:0.42 29.38± 1.23 
AxVr 6 18.50±0.82 5.70±:0.28 7.66±0.22 24.30±: 1.08 7.50±:0.34 30.85± 1.00 
BxVI 4 27.50:1:1.09 7.90±0.34 12.90:1:0.31 2 1.33±: 1.32 6. 12±:0.42 28.14:1:1.23 
----------- ------_--- .------~- -.......,.~.- - -------~ 
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1975). Mean MCV values, in the present study, showing po 
significant variation in 2 groups but with significant declille 
in Hb and TEC (Table 2) are suggestive of selective depression 
of erythropoiesis with no evidence of reticulocytosis to 
compensate for the resulting anaemia. However, significant 
increase in mean weekly MCV in first 3 weeks clearly indicate 
delayed erythropoietic response which is very much clear 
from increase of RBC count and MCH after third week. 

Though significantly higher MCH value of infected 
animals, in the present study, was within normal range of 5-
8 pg (Schalm et al. 1975) repOlied in non-anaemic goats, but 
looked higher than the values reported by Somvanshi et aI. 
(1987) and Rastogi and Singh (1990). The higherMCH level 
seems to be a compensatory device to maintain tIle 
haemoglobin level. Mean MCHC value of infected animals, 
\D.ou.gh in. Mnn.a\ lan.ge (Ra'6tog\ anll Singh 199~), W'A'6 

significantly more than value observed in control. As MCBC 
is influenced by both etythrocytic size and haemoglobin 
concentration the fmding may be attributed to more severe 
changes in PCV through haemodilutioll: and delayed or 
depressed erythropoiesis. MCRC values in oUr srody differed 
from Sonwailshi et al. (1987) who reported these in Indian 
Pashmina goats. The overall changes in'haeOlato1ogioal values 
in Haemonchus contortus infection seems to lead to anaemia 
which is normocytic and normochromic in nat4re. 
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ABSTRACT 

There is need of better tendon preservation techmques for feasIbility and healing of tendon after plasma stored and 
glycerin preserved tendon allografting in donkeys. Therefore, study was perfonned after tendon allografting of superficial 
digital flexor (SDF) tendon and surgically traumatizing deep digital flexor (DDF) tendon in 16 donkeys. In group 1 (n=8) 
plasma stored, and in group 2 (n=8) glycerin preserved tendon grafts were used. The grafted SDF and traumatized DDF 
tendons were encased in amniotic membrane. External coaptation applied for 8 weeks. Donkeys were observed at various 
stages up to 120 days. Animals of both the groups showed a significant rise of temperature, respiration and heart rates on 
first 2 operative days. Swelling reduced significantly on the fifth day and disappeared on thc 42nd day in majority of the 
animals of group 1, whereas it persisted in 2 animals of group 2, which is also evident from the girth measurements of the 
operated limb. Girth measurements remained significantly more than normal up to 10 days (P< 0.0 I) and were nonnal by 
day 35 and showed no significant variation thereafter till the end of study pcriod in the plasma stored tendon allografted 
a~imals (group 1). However, the girth measurements remained nlore and substantially higher in glycerin stored tendon 
allografted animals (group 2) till the end of study period. Contralateral limbs showed appreciable increase in the girth 
measurements up to 28 days in both the groups. Majority of the plasma stored allografted animals showed normal tendon 
gliding movements whereas glycelin stored tendon allografted animals (group 1) did not exhibit tendon gliding movements. 
Weight bearing on walk became normal in 33 ,6± 1,8 days and 36.4±3.4 days in groups 1 and 2 respectively. However, 
haematological and biochemical parameters showed no clinically significant change. It is concluded that plasma stored 
tendon allografts were clinically better than glycerin stored tendon allografts in equids. 

Key words: Equids, Preserved allografts, Superficial digital flexor, Tendon 

Better tendon preservation techniques are required for 
feasibility, and healing of tendon after plasma stored!and 
glycerin preserved tendon allografting in donkeys. Therefore 
the present work was done. 

MATERIALS AND METHODS 

The study was conducted on 16 clinically healthy male 
donkeys aged 3 to 8 year and weighing 70 to 90 kg (mean±SE 
= 79.4±2.18). Superficial digital flexor (SDF) and deep digital 
flexor (DDF) tendons in the mid metacarpal region of the 
fore-limbs were chosen for the purpose of study. The animals 
were divided randomly into 2 groups comprising 8 animals 
each. 

The tendon tissues (grafts) were collected aseptically, 
washed in sterile normal saline repeatedly and preserved by 
any ofthe 2 methods until their use ie stored in plasma at 4°C 
for use in group 1 and stored in 20% glycerine saline at 4°C 

Present address: IScientlst, 2Professor, Centre of Advanced 
Studies, bepaJ1ment of Surgery and Radiology. 

for use in group 2 animals. The amniotic membrane was 
collected from normal delivery in women. Detailed procedure 
for collection of tendon and amniotic membrane is mentioned 
elsewhere (Saini et al. 1997a, Saini et ai. 1998). Grafts were 
preserved for 30 to 56 days. Stored tendon grafts and amniotic 
membrane were slowly brought to room temperature (25°C) ~ 
before grafting. 

For tendon grafting chloral-hydrate·thiopentone 
anaesthesia was given and left mid.metacarpal region was 
prepared for aseptic surgery. The SDF and DDF tendons were 
exposed surgically. Then SDF tendon was separated bluntly 
from DDF tendon. About 3 em long piece of SDP tendon 
was transected. The DDF tendon was surgically traumatized. 
After preparation of tendon grafts, these were sutured at the 
graft bed by single-locking loop tendon suture technique 
(Pennington 1979) through graft (Fig. 1) using No.2 
polyamide. In group 1, plasma stored tendon allografting of 
SDF tendon was done whereas in group 2, glycerin stored 
tendon grafts were used. Thereafter, a piece of human 
amniotic membrane prepared for this purpose was WJ:app~d 
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Fig. I. Dlagramatic representation of single locking loop tendon 
suturing technique used for tendon grafting where T==tendon stumps, 
G"'tendon graft, and M""amniotic membrane encasement. 

around the grafted tendon and sutured with 6-0 coated 
polygalactin 910 violet to {ottn a casing. Similarly encasement 
was fonned and sutured around traumatized DDF tendon. 
Wound was closed in routine manner and painted with 
povidone-iodine solution and covered with sterile gauze piece 
and dressed for 10 days. Operated limb in all the animals was 
innnobilized by application of plaster of Paris splints for 8 
weeks. The trimethoprim-sulfadiazine combination was given 
intravenously @ 1 mIllS kg body weight for 7 days. 
Intramuscular injection of7 -8 ml of analgin was administered 
twice daily for 3 days. The skin sutures were removed after 
10th day. All the donkeys were observed from 15 to 120 days 
after grafting for general condition, wound condition 
(swelling, exudation warmth, pain), gi,rth measurements, 
tendon gliding movements, weight bearing (at rest, at walk), 
haematological monitoring and biochemical analysis. 

General condition 
All the animals were observed for their general health, 

behaviour and alertness throughout the period of study. R.ectal 
temperature, heart rate and respiration rate were monitored 
in all the animals before and after tendon surgery. 

Wound condition 
Operated limb was observed for gross appearance, gaping 

and status of healing. Swelling was graded as: O-no swelling 
(comparable to contralateral limb), 1-mild swelling 
(circumference oflimb increased up to 0.5 cm), 2-moderate 
swelling (circumference of limb increased between 0.5 and 
1.0 em), and 3-severe swelling (circumference of limb 
increased >1 em). Exudation at the wound site was 
quantitatively graded as: O-no exudate, I-very mild exudate 
(small exudate sticking to gauge piece only), 2-mild exudate 
{few drops (2-3) flowed on palpation} 3-moderate exudate 
{many drops (8-10) flowed on palpation} and 4-severe 

exudate (free flowing exudate streak). The warmth at the 
operated site was graded as: 0- normal, I-warm and 2-
moderately warm. Severity of pain on gently pressing at the 
operated site was graded as: O-no pain, I-miJd pain (animal 
reacted to pain but did not withdraw its limb), 2-moderate 
pain (animal showed reaction to palpation and some times 
.vithdrawn and sometimes did not withdraw its limb) and 3-
evere pain (animal always has withdrawn its limb on 
,alpation), 

:irth measurements and tendon gliding movements 
Girth measurements of both operated and contralaterallirnb 

ere recorded with a measuring tape at the mid-metacarpal 
gion at the graft level. The presence or absence of tendon 
ding movements were observed before and after surgery . 

Weight bearing and locomotion 
The animals were observed for weight bearing in standing 

posture when at rest and was graded as: I-toe touching the 
ground, 2-mode.rate weight bearing and 3-full weight bearing. 
Weight bearing and lameness at walk Were assessed as: 1. 
support the limb on ground ahd less weight bearing, 2-
moderate weight bearing and apparently lame, 3-full weight 
bearing but apparently lame, and 4...full weight bearing and 
apparently not lame. 

Haematological monitoring 
Blood samples from jugular vein were collected a day 

before surgery and postoperatively. Haematological 
monitoring included: Haemoglobin (Hb), packed cell volume 
(PCV), total erythrocyte count (TEC), total leukocyte count 
(TLC) and differential leukocyte count (DLC). 

Biochemical analysis 
Biochemical analysis included total plasma protein (gldl 

of plasma) estimation by Biuret reagent (modified) on 
Fpectrophotometer at 550 l1l1l, plasma albumin (g/dl plasma) 
was estimated by buffered dye reagent on spectrophotometer 
at 600 run; plasma globulin (g/dl of plasma) was calculated 
as: plasma globulin (g/dl) '= total plasma protein(g/dJ) -plasma 
albumin(g/dl), A/G ratio was calculated by dividing plasma 
albumin (g/dl) with plasma globulin (g/dl), and lactic 
dehydrogenase (LDH): LDH (n mol pyruvate reduced/min! 
ml) was estimated (Wootton 1964). 

The difference's between the 2 means for parametric 
observations and medians for non-parameteric observations 
based 011 individual recordings were determined by student's 
t test and Mann-Whitney test (Campbell 1981 ) for parametric 
and non-parameteric observations respectively. 

RESULTS AND DISCUSSION 

All the animals remained alert, active and took feed and 
water throughout the post-operative period. A significant rise 
in rectal temperature, respiration and heart rates for first 2 
days in both the groups was ob~erved after tendoll surgery 
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which did not vary much during rest of the post-operative 
period, These changes may be the result of acute trauma and 
surgical stress, Variations in the rectal temperatllre, heart and 
respiration rates after tendon repair have been reported in 
horses (Bertone et aI, 1990) and buffalo calves (Verma et al 
]983), 

Surgical wounds appeared apparently healthy throughout 
in all the animals. None of the wounds exhibited the gaping 
Dr infection and healed by first intention, thereby, ipdicating 
the effectiveness of the aseptic procedures and 
chemotherapeutic measures adopted during the experiment. 
A similar healing of surgical wounds after tendon repair has 
been reported in equine (Brown and Pool 1983, Bertone et 
at. 1990). 

Table 1. GiIth measurmcnts (em) [mean ± SE] of operated and 
contralateral limbs after tendon allografting. 

Days Groups 
.. ---~. 

II 
------------

Operated Contralateral Operated Contralateral 
---- ----------_-------

0 10.76±0.29 10.76±0.11 11.23±0.11 II ,23±(). 72 
1 11.97±0.26'· IO.S7±().3Q 12.70±O.18" 11,33±O.ll 
2 11.97±0.37·· 10.92±0.28 12.67±O,19" 11.41±O.17 
3 11.7S±0.2S" IO.92±0:24 12.55±O.21" 11.35±O.OS 
5 11.76±0.31" Il.O±0.28 12.3S±O,26" 11.48±O.06· 
7 I J .63±0.27" 11.l2±().36 12.21±O.Zr I I.SO±O.II· 

10 Il.S6±0.24" IO.92±O.26 12.0S±0.26·· 1 I.40±O.12 
14 11.32±O.23 10.92±O.27 11.90±0.23" 11,46±O.13 
21 J 1.14±0.19 1O.91±O.33 Il.8S±0,21'· 11.51±O.16· 
28 11.O7±O.19 lO.91±0.33 11.7S±0.lS·· 11.48±0.16 
35 Il.02±0.19 11.11±0.33 11.63±O.23 11.46±O,23 
42 11.08±0.23 1 I.06±O.33 11.60±O.26 11.48±O.22 
49 II. JO±O.41 11.04±0.33 11.62±0.27 11.48±0.22 
56 11.12±O.39 11.06:1:0.35 11.64±0.26 11.48±0.22 
70 11.06±O.S2 11.00±O.43 11.S4±0.14 11.30±O.16 
84 11.06±O.S2 11.00±O.43 11.S4±0.14 11.36±0.14 
90 i 1.06±O.S2 II.OO±O.43 11.S4±0.14 11.36:1:0.14 

*Siginificant at P<O,OSlcvel, ** significant at P<O.OI level. 

13 

12 

11 

1 0 25 40 55 
Days 

Fig. 2. Girth measurement after tandon allografting in groups land 2. 

Moderate to severe swelling (score range 2-3) present 
during first 2 days in both the groups. It started reducing 
significantly (P< 0.05) on day 3. Swelling disappeared by 
the day 42 in majority of the animals of groups 1 and 2, except 
in 2 animals of group 2 that showed persistence of mild 
swelling (score 1). Presence of severe to moderate swelling 
and pain observed after tendon surgery/tendinitis is due to 
acute inflammatory change (Stromberg and Tufvesson 1977, 
Foland et at. 1992). TIle persistence of swelling for longer 
period glycerine stored grafted animals could be due to 
inflammatory and fibrotic reaction. Pain on palpation 
decreased significantly (P< 0.02) on day 3 in both the groups. 
Pain disappeared in 13.0±0.93 and 15. 75± 1.02 days in groups 
1 and 2 respectively. Pain on application of pressure to the 
tendon was even noticed 2 months after transplantation and 
slight palpable thickening of tendon and subcutaneous tissue 
remained up to 6 1110nths (Stromberg and Tufvesson 1977). 
These findings were further substantiated by air-tendographic 
observation (Saini et at. 1999) which revealed moderate 
thickening in the animals where glycerin stored tendon grafts 
has been used. Moderate to severe wound exudation (score 
range 3 to 4) decreased significantly in groups 1 (P< 0.01) 
and 2 (P< 0.002) on day 2. Walmth at the site also decreased 
significantly in group 1 (P< 0.02) and 2 (P< n.OS) 011 second 
day, The wound exudation and local increase ill warmth for 
tlrst few post-operative days was the result of the acute 
inflammation after surgical trauma in all donkeys. 

Girth measurements of the operated (left) limb in the mid
metacarpal region remained significantly (P< 0.01) higher 
until day 10, in group 1 (Table 1). Thereafter, the girth 
measurement started decrcasing and reached ncar normal on 
the day 35, and no significant change was observed till the 
end of experiment (Fig. 2). Contralateral (right) limb showed 
no significant variation in girth measurements (Table 1), In 
group 2 a significant increase (P< 0.01) in the girth 
measurements ofthe operated limb in mid-metacarpal region 
was observed until day 28 (Fig 2). Thereafter girth 
measurements remained slightly on higher side than 

70 

Group I ( Plasma-stored tendon allografting) 
Group II ( Glycerin-stored tendon allograftlng) 

85 100 
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Group I 
m Score 1 supports limb on ground and put less weight) 
121 Score 2 (moderate weight bearing and apparently lame) 
D Score 3 (full weight bearing and apparently lame) 
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Fig. 3. Scores of weight bearing at walk after plasma stored tendon alJografting. 

contralajrefa~ limb, Contralateral (right) limb showed a 
significant (P< 0.05) increase in gh1:h measurements in the 
2l11id~metacarpal region on days 5, 7 and 21 (Table 1). The 
increase in the girth measurements for first few days following 
tendon surgery was associated with the signs of inflammation. 
While Gift et at. (1992) found that the limb circumference 
returned within 7 mID of their original circumference in 6 
weeks after collagen induced DDF tendinitis in equine in 
control and sodium hyaluronate treated limbs. Intemlittent 
increase in the girth measurements of the contralaterallilhb 
in both the groups was due to excessive fluid accumulation 

around tendonslligaments by induced stress tenclin.itis/desmitis 
due to compensativc and excessive weight bearing. The 
excessive fluid accumulation has been evjdenced by 
uluasonographic observation on the contralateral· limb (Saini 
et al. 1997b). 

The extension aqd flexion at the fetlock revealed gliding 
movements of the tendons in the grafted region in all, except 
1 animal of group 1, in which it could not be felt. Gliding 
movements of SDF tendon could not be felt in 5 animals in 
group 2, whereas in the remaining 3 animals the gliding 
movement of SDF tendon could be palpated. In majority of 

8 - Group n 
Ii Score 1 (supports limb on ground and put less weight) ra Score 2 (moderate weight bearing and apparently lame 
o Score 3 (full weight bearing and apparently lame) 
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Fig. 4. Scores of weight bearing at walk atler glycerin stored tendon allografting. 
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glycerin stored tendon grafted animals the absence of gliding 
movements was indicative of formation of peritendinous 
adhesions. Successful restoration of gliding requires that scar 
produced by healing of coapted tendons be separated from 
that produced by healing of surrounding soft tissue so that 
one scar can move independently of the other (Peacock 1964). 
This objective was achieved to large extent in plasma stored 
grafted SDF and traumatized DDF tendons. Amniotic 
mcmbrane helps to maintain free gliding surface of SDF and 
DDF tendons in equine (Saini et al. 1996, Saini et al. 1998). 
The inul1obilization also contributes mild to moderate degree 
of adhesion formation in the sutured tendons. The adhesions 
thus formed arc observed when splintag'e is discarded 
(Matthews and Richards 1976). In the present studY, 
immobilization has played at least some role in restricting 
gliditlg movements of flexor tendons temporarily ill some of 
the animals. 

Weight bearing improved significantly (P< 0.03) on day 
3 (score range 2-3) in standing posture in both the groups. It 
became normal (score 3) in 4.S±O.71 and 4.81:0.84 days in 
groups 1 and 2, respectively (Fig. 3). At walk weight bearing 
incrcased significantly (P< 0.03) on day 5, in both the groups. 
It became nOlmal (score=4) in 33.6±1.83 and 36.4 ±3.43 days 
after grafting in groups 1 and 2, respectively (Fig. 4). This 
indicated that weight bearing increased significantly during 
first couple of weeks after grafting and gradually returned to 
normal between 4 and 6 weeks in all the animals. A marked 
lameness was reported by Stromberg and Tufvesson (1977) 
for 1-2 weeks which decreased gradually and pcrsisted for 2-
4 months after tendon transplantation in horses. Gift et al. 
(1992) reported that lameness disappeared in 6 weeks in 
control and sodium hyaluronate treated tendinitis in horses. 

In general there was no appreciable change in the mean 
haematological values of all the animals in both the groups. 
But TLC showed a significant (P< 0.05) rise on days 1, 3 and 
5, in group I and on days 1,3,5 and 10, in group 2. Neutrophil 
count showed a significant rise on days 1 and 3, in both the 
groups. Lymphocyte count decreased significantly (P< 0.01) 
011 firsl and third day in both the groups. Significant increase 
in the TLC and neutrophils for first 2-3 days after surgery 
could be the reaction to postoperative surgical trauma, that' 
lead to temporary increase in these parameters, though, 110t 

of a clinical significance. 
The mean values of total protein contents in plasma at 0 

day before surgery were 7.5;1.:0.57 gldl in groups 1 and 
7.60.1;0.48 g/dlm group 2, respecttvely. The mean values of 
albumin contents in plasma OIl 0 day before surgery were 
3.42;r:O.25 gldl in group 1 and 3.S±O.32 g/dl in group 2 
respectively. While globulin contents in plasma on 0 day 
before surgery were 4.08±0.36 g/dl in group 1 and4.07±O.16 
g/dJ in group 2, respectively. The albumin/globulin A/G ratio 
on 0 day before surgery was O.84±O.04 in group 1 and 
O.84±O.05 in group 2, respectIvely. However, these values 
also did not show any appreciable variation during the 

postoperative period. The LDH levels on 0 day before surgery 
were 156.5±3.0 and 155.4±6.39nmolpYlUvate reduced/mini 
ml in groups 1 and 2, respectively. In group 1, it showed 
significant rise on 1 (P< (J.O 1) and 3 (P < O.OS) days. Thereafter 
it showed no significant change up to day 90. In group 2, 
LDH exhibited a significant change only on first (P < 0.005) 
day after grafting. The significant variations observed in the 
LDB levels at few instances after grafting may be due to tissue 
trauma or stress during <md after surgery. These changes, in 
LDH, however, have no clinical significance. 

It is concluded that plasma stored tendon allografts proved 
clinically better than glycerin preserved tendon allografts in 
equids for providing normal function and locomotion. 
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ABSTRACT 

The study was designed to evaluate the efficacy orcpidurallignocaine and ketumine forpo~t-opcratiVl! pain management 
in experimental tibial fwclurc repair in 12 udult dogs divided in 3 equal groups. After atropine slIlphatl: and tritlllproma/inc 
groups prcmcdicatlon, normal salinc (2 ml), lignocaine hydrochloride (2%) (1/'4 mg/kg and ketallllllC hydrochlorick (5"1.') 
(It', 3 mg/kg were glvcn epldurally at lumbos:leral space in animals of grllups I, 2 and 3, rcspc(;tivcly, tll ass~'si-o thclr 
efficacy JIl pain manageJT1ent. Anaesthesia W,IS induced and maintained with thlopelltal ~odiul1l in all the gruups. Leir til)I" 
lhicture created at proximal mctaphysls was repaired with double pinning and Illterrl'ugmentory Wiring. 

Wound hyperalgesia and swellll1g in animals of grollp I (normal saline) were sigl11f'ieantly (p<-O.05) higher than the 
group 3 (epidural ketamllle). Tn group 2, wound hyperalgesia and swelling were lesser as compared to group 1 but higher 
thun group 3 Movement associated pain scores showed early weight bcaring on uftl!cted limb in ,minmls or group 3 as 
compared to groups I and 2. The results of this study suggest that epidural k~talllll1e, ifgiven preoperatively can pre"empt 
the post-operative hyperalgesia, swelling and pain. Lignocaine had only liltle bcnclkial effects. 

Key words: Dog, Ketllmine hydrochloridc, Lignocainc hydroL:hloridc, Pain, PI'I.:"amptivc analgesia 

Conventional therapy for pain i e intermiltent use of 
analgesics has failed to provide freedom [rom pain in animals 
and human beings. Hence, present study was designed to 
cvaluate the efficacy of NMDA antagonist, ketamine in the 
management of post-operative pain in dogs operated for 
experimental tibial fractl1l'e repair and to compare it with that 
of lignocaine hydrochloride, a popular local anaesthetic. 

MATERIALS AND METHODS 

Healthy adult mongrel dogs (12) oC either sex weighing 
between 13 and 22 kg (av. 16.31 kg) were divided into 3 
groups (1, 2 and 3) of 4 animals each. All tbe animals were 
kept off feed for 18 hr and water was withheld for 4 hr before 
the start of surgery. Preanaesthctic medication included 
atrupll1e sulphate injected 11m 0' 0.65 mg/animal in all the 
groups. It was followed, 10 min later, by triflupromazinc 
hydrochloride (a~ 1 mg/kg i/m. After a gap of 10 min, 
lignocaine hydrochloride (2%) (~!I 4 mg/kg hody weight and 
ketall1111e hydrochloride (5%» ([I) 3 mg/kg body weight were 
administered epidurally in animals of groups 2 and 3, 
respeclively, as pre"emptive analgesic agents. In animals of 
group 1 (control), 2 ml of normal saline was given epidurally. 

Present address: I.2S cicntlst, J.IScnior Scientist, Division uf 
Surgery. 

Ten min later, anaesthesia was induced with 2.YX, solution 
ofthiopen1aJ sodium given to drect in GlI the groups. Fracture 
of proximal tibial metaphysis was created in all the animals 
by heck saw after approaL:hing tibia frolll mcdial a~pect. It 
was repaired using cross pinuing and interli'agmentary wiring. 
The efficacy or epitluml lignocaine LInd ketamim' to prevent 
the post-operative morhidity, swcllll1g und pain was assessed 
using different paral1leter~ ,md compared With control group, 
Anaesthesia during the surgical proccdure was ll1aint,lincd 
by thiopental sodium till elTcct. SurglL:ul ullul.'sthcsia was 
achieved by constant 11l001ltming or palpchnd relkxes and 
repeated administration or smull quantities oj'thi()pental as 
llceded. P'ost-operativc ly, a coml1lon protocol of didufellac 
sodium (ill 1 I1Ig/kg daily for 3 days and streptnpenicillin (ci) 

10 mg/kg bid for 5 days was used in all the allimals. 
Anim,tls were assessed for post-operative wound 

hypcralglsia, swelling at sill' oJ'operalio!l auel pain (movement 
associated) lor 7 consecutive days. Post-operative wound 
hyperalgesia (increased sensitiVIty of nociL:cptOls at the site 
of operation) was noted by recording pain r(;spomc (Cl'y1l1g, 
groaning, avoiding, lifting oflcg) to manual pressure appliM 
at the operated site using thumb and 2 fingers. The response 
was recorded on 0-3 score scale as 0- no pain (animal did not 
show signs of pain to moderate pressure); 1- mild pain (animal 
allowed touch and occasionally showed pam to moderate 
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pressure); 2- moderate pain (animal allowed touch but 
frequently showed pain to moderate pressure); and 3- severe 
pam (anim'll either did 1lOt allow to toud1, (tried \1) bitd 
protected limb or showed pain on just touching). 

Post-operative swelling was recorded in cm for first 7 days 
after the operation by measuring the circumference of the 
operated limb at 3 different sites, viz. mid of tibia, at stifle 
and at a centre point between these 2 sites as incision was 
made at medial aspect of tibia between stifle joint and mid of 
tibia in all the animals. The average girth for each day was 
obtained by cah.:ulating the 111ean of these 3 readings. It was 
compared with preoperative mean girth in each animal. The 
gain over the initial girth reflected the extent of postoperative 
swelling. The percentage increase in swelling was also 
calculated in all the animals. 

The pain on movement was recorded daily for 7 days using 
a score scale and was graded as 0- no pain (animal was able 
to move without limping); 1~ animal supported weight b1lt 
occasionally limping while moving; 2- frequent limping at 
each step; 3" keeping full paw 011 groun9 while standing but 
lifting limb while walking; 4- Just touching the ground with 
toe even while stUllding; 5- can;ring the limb; and 6 -aAil'nal 
reluctant to move. 

Mann Whitney test was used to compare mean scores for 
wound hyperalgesia and movement associated pain, between 
the groups at corresponding intervals and paired 't' test was 
used to compare post-operative swelling with base values 
(Campbell 1981). 

RESUL TS AND DISCUSSION 

Maximum wound hyperalgesia was recorded in animals 
of group 1 as compared to animals of groups 2 and 3 (Fig. 1) 
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from days 1-7 post-operatively. In group 2, It wu, relatIvely 
lesser, than group 1 but nonsignificantly more thun group 3. 
Wmmd hyperalgesia was minim\lm and slgnifl\.;an\1y k::;s m 
group 3 as compared to control animals (group 1). from days 
1-7 post-operatively. After surgery antidromic impulses in 
axon, promote the release of substance P(sp) from the nerve 
endings and in combination with other algogenic substances 
like prostaglandins (PG), leukotrienes, bradykinin, serotonin 
and histamine, sp promotes inflammation and sensitIzation 
ofaffel'entnociceptol's (Yaksh 1987, Levmc et a/ 1988). The 
afferent nociceptive barrage during and after surgery may 
also induce hyperexcitability of central ne\uons (Woolf 1983) 
and elicit spinal cord reflexes that increase the activity of 
post-ganglionic sympathetic efferents which III turn amplify 
inflammation (Levine et al. 1988). Thus both somatic and 
sympathetic nervous system may play roles as mediators of 
inflamn'Ultion and hyperalgesia. 

Maximum wound hyperalgesia in group 1 as compared to 
treatment groups suggests maximum penpheral orland centra 1 
sensitization jn t12is group, probably due to more nOclCeptlve 
impulses and supports the findings ofTverskoy e( al. (1990) 
who reported that general anaesthesia alone in contrast to 
Spinlll anaesthesia, can not prevent the transmission of all 
impulses froUl operation site to spinal cord. Reduced 
hyPeralgesia in gro~lP 2 could be attributed to local anaesthetic 
action oflignocaine. Local anaesthetics are known to inhibit 
transmission of impulses from operated siles to spinal cord 
and also to reduce neurogenic (n11a111matlO11 by blockade of 
axon reflex (Barnes et at. 1990). Therefore, lignocane could 
reduce wound hyperalgesia either lJY preventing the 
establishment of spinal or reducing peripheral sensitization 
or both. These findings are in accordance with the 
observations of Tverskoy et a1. (1990) who recorded reduced 
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Fig. 1. Wound hyperalgesia on days 1 to 7 post-operatively in animals given epidllral normal saline (group I), lignocaine Hel (gl'Oup 2) 
and ketamine Hel (3). 
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wound hyperalgesIa for 10 days in patients operated under 
spinal block with bupivaccaine as compared to general 
allaestheria group. Milllmal and sIgnificantly (P < 0.05) lesser 
wound hyperalgesia recorded in animals of ketamine group 
3 as compare to control animals was attributed to direct 
antagonistic action ofketamine on NMDA receptors in spinal 
cord. NMDA receptors are involved in establishment of 
hyperexcitability state of spinal cord (Thompson 1990) and 
NMDA receptor antagonists have been found effective in 
preventing this state in experimental models (Woolf and 
Thompson 1991). Ketamine IS a spec ific und noncompetitive 
antagonist of NMDA receptors and therefore might have 
reduced the wound hypera 1gesiu ill the present study as earlier 
reported by Amat'Pal et ai. (1995). 

Girth of the operated limb increased signifIcantly and 
maximum increase was recorded on days 3-4 post-operati vely 
in all the groups. Increase was, however, morc signifIcant in 
groups 1 and 2 (P<O.Ol) as compared to animals of group 3 
(P"0.05). A reduction in swelling was recorded after 3-4 days 
in all the groups and by day 7, post-operatiw swelling haci 
retu111ed to near pre-operative values in animals of groups 2 
and 3 but it was still significantly higher than 
preaciministration value in group 1. Percentage increase in 
swel1mg was also maximum in animals of group 1 and 
lllmimum in group 3. At the site of SurgC1Y traumatized tissues 
release a number of inflammatory mediators like histamine, 
bradykinin, norepinephrine, prostaglandins, cytokines, 
5- hydroxytryptamin, IClicotriencs, neuropepticies, 
phospholipase A, and superoxide etc (Treeds et at. 1992). 
These agents ar~ directly responsible for post-operative 
inflammation and oedema and thus swelling. On the other 
hand, sustained, nociceptive impulses from the site of surgelY 
may also trigger spinal hyperexcitability and initiation of 
spinal cord reflexes which can further increase the swelling 
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at the site by induction of neurogenic inflammation. Reduced 
swelling recorded in animals of treatment groups as'compared 
to animals of group 1 suggests that thiopental sodium general 
anaesthesia is unable to completely check the transmission 
of noxious impulses at sp\nal cord. In animals of group 2 
where lignocaine was administered epidtlrally reduced 
swelling could be attributed to the ability of lignocaine to 
block the axon reflexes through its local anaesthetic action at 
axon level as reported by Barnes et al (1990). Dhal et al. 
(1994), however, have reported direct anti-inflammatory 
action ofloeal anaesthetics through inhibition of granulocyte 
and lymphocyte function, platelet aggregation, production and 
release ofphosphlolipase A, superoxide and histamine. Thus 
antiinflammatory effect of lignocaine might have acted 
synergistically with diclofenac given post-operatively and 
therefore reduced the post-operative swelling. Minimum 
swelling in animals of group 3 where kelamine was 
administered could be explained on the basis of multiple 
action of kctamine. Ketamine not only abolishes the spinal 
hyperexcitahility which plays an important role in post
operative int1ammation (Woolf 1989) but also has anti
inflammatory action by inhibition of histamine release 
(Gateau et al. 1989). In addition Hirota et al. (1995) reported 
that ketamine decreases vascuJr. penneability and thus it can 
reduce the post-operative (\'.dema, which also contributes to 
the increase in girth of 0perated limb. 

Movement associated paiu represents the deep tissue pain 
alld indicate functional disability of the organ. It is 
mallifes lat ion of neuropathic pain which is caused by 
mechanical hypersensitivity resulting fro111 central 
sensilization evoked by A- high threshold mechunoreceptors 
which normally do not produce painful sensations (Woolf 
and Chong 1993). Mean -I SE scores for pain are shown in 
Fig. 2. On ilrst post-operalive day, puin was significantly 

~Group 1 
Group 2 
Group 3 

5 6 7 
Post-operative days 

FIg. 2. Movement assocwtcd pain on days 1 to 7 post-operatively in ammals given epidural normal saline (group I), lignocal11e Hel (group 
2) and ketamme Hel (group 3). 
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(P<O,05) lesser in groups 2 and 3 as l.;ol11pared to group 1, 
Fonn day 2 onwards, though animals of group 2 exhibited 
lesser pain as compared to group 1, the difference was not 
significant. On the other hand, llnimnls of group 3 showed 
significantly (P<O.05)lcsscr pain than the animals of group 1 
throughout the obscrvalioll. 

In the present study Jignocallle was effective to prevent 
file post-operative pain signil1canlly for first post-operative 
day probably by blocking the noxious signals at nerve root 
level dul'ing surgery and thereby preventing central 
sensitization, The results arc in accordance with the finding 
of Sinclair et al. (1993) who I'l'pol'ted that lignocaine wa~ 
effective in reducing the post-operative requirement of 
meperidine only on first operative day in human beings. The 
lignocaine was, therefore, cffedivo;! only for shorter duration. 
Minimum pain was recorded in animals of group 3 up to last 
observation day (7th day). Similar to local anaesthetics, 
ketamine has local anaesthetic action (Dun-ani et at. 1989) 
a\td antiinflammatory activity (Hirota 1995) but more 
pronounced and longer lusting pre-emptive effect ofketamine 
on pain might be due to specific antagonism of NMDA 
receptors which arc responsible for establishment of spinal 
excitability. NMDA receptor antagonists, in addition to 
preventing the induction of spinal hyperexcitability can reduce 
it, once it is established ( Woolf and Thompson 1991). 

The results orthe present study indicated that pre-operative 
administration of epidural lignocaine and ketamine in addition 
to general anaesthesia are useful in minimizing the post. 
operative would hyperalgisia, swelling and pain. Lignocaine, 
though had only shan lived advantage over general 
anaesthesia alone, the kctamine produced morc consistent and 
longer lasting effect. It seems that preoperative epidural 
kctamine may reduce post-operative, ini1ammalion, swelling 
and disability and therefore, may be ~lseful in reducing post. 
operative care and medication. 
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ABSTRACT 

Data on 6 762 artifICwl Inseminations on 5 793 village buffaloes belonging to 2 65(l farmers spread over 17 
villages In MaharashtTd dunng June 1991 to September 19% welc analysed [or studying reproductive pcrfonnam:c 
in rural buffaloes artificmlly insel11ll1atcd uSing deep fro7cn semen. The averagc farmer herd Si7C was 01'2. I 9. 
The mean conception rute \Va, observed to be 51.84 J: (l.Gl '!Io. The local buftllIo brccds (Pandharpllri and 
Nagpuri) exhibIted higher conception rate thun Murrah Dr Mchsana breeds. Generally conception rate improved 
from first lactation (39.36±l 61 <y,,) to third lactation (56.25J 1.67°;;,) and then declined. Parity, season of 
insCJ11l11atwn, uterine hom tone and AI sequence had sigl1lflcanl effect on conception rate. Presence ofmatull: 
follicle on eHher right or left ovary. conditlOll of cerVIX, type oCvaginal discharge and even the thaWing tel11pcrature 
of water did not affect the extent of conception rate. It was recomll1endcd that among othcr J'actors, funnel' 
observation on vagmul discharge, vulval swelling, belIowmg C,111 be relied upon Cor llnpllJVlllg eor ~eptlon rate. 

Key words: Artiflcial insemination, Conception rate, Deep flLlIen semen. Run>: buffalo 

Variability ofl'espol1se to AI by the fam1crs, is 'because of 
the use of different breeds of buffaloes. ignOr(/qlc~ about the 
heat symptoms, silent heat, variation in ~Xlprcssion of heat, 
seasol1al fluctuations in heat expression, variatioll ill feeding 
and management practices. Scanty literature available on 
response of village buffalo to AI does not prOVIde sufficient 
information for suitablq recommendations for improvement 
in conception rate under village condition. An attempt, 
therefore, was made to study different factors affecting AI in 
IUral buffaloes. 

Table 1. Breed and paritY-Wise distribution of buff,llocs 

MATERIALS AND METIIODS 

Artificial insemination data; generated fr0111 June 199] to 
September 1996 of 5 793 buffaloes belonging to 2 650 
fanners spread over to 17 viJlages in Kolhapur district Df 
Maharashtra. The breed anci paritY-Wise distributIOn of 
buffaloes was made (Table 1). 

The breed-wlse classitication ,vas made on the general 
appearance of the animal to the respective breed. The graded 
animals are also thus included in the respective breed class. 
The calls for inseminations were received at the centre 
headquarters and the animals were inseminated with deep 
frozen semen at the door of the fam1crs. The heat symptoms 
like bellowmg, tumefaction of valvular lips, vaginal discha)'ge, 

PI'esent addrcs~. I Head,C.R.S. 2 Research Officer 

Breed Parity Total 

2 .:\ 4 5 (1 
-.--- - - - - -
NOI1·descnpt 4li7 272 ()53 927 543 79 2941 
PUl1dharpuri 14 21 li2 78 30 5 210 
Mehsana 25 26 51 S2 I R I 203 
Nagplwi 9 43 20R 11)9 113 24 596 
SUl'ti 225 350 ()21 3% W\ 8 1728 
Murrah 24 171 14 3R 20 2 115 
Totul 764 7'21; lli()~ 1720 HS2 II') 5793 

cervical and uterine tonicity, I:xtCllt of cervical opening were 
recorded. The thawing temperature ~)fwatcr was recorded to 
study the effect of wilter tempemillre 011 conceptioJl. The 
semen was deposited insLde the b()dy or uterus. The animal, 
if not repeated after AI, was eX.1l11ined after 90 days for 
pregnancy. In the area of study, 0.43'}'i1 of buffaloes were found 
sold or transferred. Generally the sale 01' transfer is effected 
after the animals are confirmed pregnant. Thus if the 
inseminated animals were not reported back [or AI and were 
found sold before they were confirmed pregnant, they were 
treated as pregnant. Three seasons (rainy· July to October, 
winter - November to FebrualY, and slimmer - March to June) 
were considered Cor studying the effect of season of 
insemination on conception. Standard ~laiistieal procedures 
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Table 2. Breed-and parity-wise conception rate (%) of rural buffaloes 

Breed Parity Overall 

2 3 4 5 6 N Mean SE 

.--_ ..... _-------_---- -. "'""---------
ND 554 36.89 2.09 303 56.48 2.85 733 53.12 1. 84 1089 54.22 1.51 618 52.64 2.08 91 47.31 5.25 3388 50.88 0.85 
Pandharpu!1 20 50.05 11.46 25 44.06 0.12 66 68.21 5.77 92 63.08 5.05 34 52.99 8.68 6 16.75 6.65 243 58.89 3.16 
Mehsana 31 38.77 8.88 31 48.44 9.11 59 47.5! 6.55 104 35.64 4.71 32 37.56 8.68 I 0.10 0.00 :ZS8 40.37 3.05 
Nagpuri 9 44.50 17.55 47 63.87 7.08 228 56.62 3.28 251 53.83 3.15 136 50.78 4.30 32 50.05 8.97 703 54.53 1.87 
Surti 276 43.90 2.98 409 52.37 2.47 719 59.IS J .83 467 52.94 2.31 149 54.41 4.09 12 41.73 14.85 203~ 53.84 1.10 
Murrah 26 34.66 9.50 19 47.42 11.45 17 47.11 12.47 47 40.49 7.22 26 42.37 9.87 3 33.40 33.0 138 41.36 4.20 
Overall 916 39.36 1.61 834 54.00 1. 73 182256.25 1.162050 53.02 !.1 0 995 51.91 1.58 145 45.57 4.15 6762 5J 84 0.61 

.... _-.. ........ -----_ ..... ,.,._-----,_...,__---_ 

were used to nna1yse the data (Snedecor and Cochran 1967). 

RESULTS AND DISCUSSION 

The average buffalo herd size was 2.19 at village level. 
The overall mean conception rate in buffaloes at village level 
was recorded as 51.84 ± 0.61 % Hassan and Zia-ur-Rahman 
(1994),Bhosrekar et al. (1994) under field conditions and 
Bsruselli et 0). (1994) on fann conditions recorded higher, 
whereas Jain and Tailor (1995) have reported lOWer 
conception rate when compared with present study. Breed, 
and parity-wise conception rates are presel).ted ill Table 2, 
The animals of local area (Pandharpuri and Nagpuri breed) 
exhibited higher conception rate (58.89 ± 3.16 and 54.53 ± 
1.87% respectively) compared to Mehsana and Murrah type 
of animals (40.37 :I: 3.05 and 41.36 :I: 4.20% respectively). 
The conception rate observed in Surti type buffaloes was in 
similar range (53.84 ± 1.10%) to that observed in Nagpuri 
buffaloes. The large class of animals was non-descript and 
showed slightly lower conception raie of50.88 ± 0.85%. The 
higher conception rates in local buffaloes compared to graded 
Murrah also been noted by Singh and Singh (1988). Generally 
the conception rate increased from first lactation (39.36 ± 
1.61%) to third lactation (56.25 ;i:: 1.16%) and declined 
thereafter. Heifers as well as animals beyond fifth lactation 
conceived less than those in second to fifth lactation. Agarwal 
and Purbey (1983) on a small sample size observed higher 
conception rate in heifers compared to buffalo cows. 

Analysis of variance technique was used to study the effect 
of vi11age, breed, parity, season of AX, thawing temperature' 
of water, tumefaction of valvular lips, cervical tonicity and 
partial or total openness o[Os, uterine tonicity, type of vaginal 
discharge, bellowing etc. and the results are presented in Table 
3, Effect of both breed and parity were significant on 
conception rate offield buffaloes. The variation due to Villages 
.was not important and did not affect conception rate in 
buffaloes. The conception rate among villages ranged from 
38.95 ± 11.81 to 62.54 ± 1'0.08%, High standard errors 
indicated large variation in concep.tion rate amongst the 
villages.This could have caused because of between and 
within village variation in buffalo management practices 

adopted by the fanners. 
Variation was observed in conception of buffaloes 

inseminated in different years and seasons. Animals 
inseminated during winter showed significantly higher 
conception rate (55,58 ;:l; 0.92%) than inseminated during 
summer (46.95 ± 1.18%). Jain and Tailor (1995) also observed 
higher conception rate in Sutti buffaloes during period of 
moderate temperature and humidity. The year-wise 
conception rate ranged from 49.16 ± 1.31 to 55.53:t 1.30% 
from 1991 to 1996 and the differences were important. 

Thawing water temperature is known to affect the 
conception of animal. In the present study, thawing water 
temperatm:e ranged from 101 to 107 OF (38.3 to 41.6 QC). 
The variation in the conce£\ion rate was not statistically 
important in the consitrered range of temperature owmg to 
thawing water temperature. Although thawing temperature 
of 105 OF (40.5 0c) and above resulted in more number of 
conceptions 59.13 ± 4.30%. 

Majority of buffaloes (85,67%) were inseminated only 

Table 3. Analysis of variance of conception rate in rural buffaloes 

Source of variation Degree of freedom 

Ye& 5 
VilJage 16 
Breed 5 
Parity 5 
Season 2 
AI sequence 2 
Thawing temperature 3 
Horn tone 3 
Vaginal discharge type 4 
Ovary activity 4 
Bellowing 1 
Vulvar swe!ling l 
Cervix status 1 
Os opening 1 
Micturation l 
Breed bellowing 5 
Breed vulval swelling 5 
Breed Os status 5 
Residual 6692 

P <00.05 ", P 00<.01 *'" 

Mean square 

18124.93U 

1836.39 
1068.81 

23866.04** 
25919.21 "'* 
1540.86 '" 
2145.03 

123713.41 *'" 
303[,21 

2728.80 
9900,02 u 

79382.53 "'* 
5.67 

7938.64 
680.31 
897.19 

1208.17 
629.98 

2275.35 
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once.Amongst those inseminated 12.79% reported for second 
heat whIle only 1.5% animals reported for third or more heats. 
The mean conception rates for these 3 classes were 51.13 ± 
0.65,56.92 ± 1.68 and 49.09 ± 4.92% respectively. The higher 
conceptIon rate during second AI could be because of suitable 
treatment to buffaloes prior to AI and more heifers getting 
conceived during second insemination rather than first. 

Fam1ers considervaginaJ discharge as one of the impOltant 
symptoms ofheat.111e nature and manner of vaginal discbarge 
of ammals in heat was recorded and was divided in 5 groups 
for assessing its effect on conception, viz. transparent and 
clear, pussy, clear and roapy, clear and watery and absence 
of discharge at the Al but buffalo owneI claiming his noting 
the discharge. Although animals showing clear and roapy 
vagmal discharge did exhibit higher conception rate (58.21 
± 5.00%),and those with pussy vaginal discharge exhibited 
low conception rate (31.73 ± 3.30%). There was no significant 
difference in conception rates among different groups. The 
buffalo owners information about presence of vagin~l 
discharge during heat can be relied l.lp on as the conception 
rate ill this group was observed to be 51.62 ± 2.21 %. 

The toniclty of uterine horn was different for different 
animals inseminated. The uterine horns ofless than one-tenth 
(9.33%) animals wcre flaccid, the conception rate in these 
animals was low (18.3 I ±1.53%). Majority of animals (77.6%) 
exhibited good uterine hom tone and more than 54% of these 
animals conceived. Animals (6%) showed excellent hom tone 
and 60% ofthese animals conceived 011 insemination. Nearly 
7% of animals showed coiled uteIine horns. 

The incidence of conception in relation to presence of 
graafian follicle on ovary, at the insemination was examined 
by grouping the data ill 4 groups ( presence of mature follicle 
on, left ovary, right ovary, both the ovaries and data 110t 
available.) The presence of mature follicle on either right or 
left ovary did not significantly affcct the extent of conception, 
the cOllceptionrate in this group was 53% . The pregnancy 
rates in inseminated anil11als showing matmc follicles on bOlh 
the ovaries were less frequent 43.13 ± 6. I 8 f!!" . 

1 he O.S% inseminated animals exhibited hard cl'J'vix, 
O.74'!·o kinked-cervix, while 0.21 % animals showed 
abnormally small-sized cervix. In vIew of small numbers in 

each ofthese subgroups, they were grouped as one. cDllS group 
recorded significantly low conception rate (25.05 ± 4.43%) 
compared to rest of the group of animals (52.22 :i 0.61 %). 
Amongst the total inseminations carried out, the cervix was 
partially closed in 3.85% inseminations, resulting 1ll 

significantly low conception rate (16.62 ± 2.31%) as 
compared to rest of the group showing conception rate of 
(53.25 ± 0.62%). The 2.29% of buffaloes were recorded 
micturating when presented for insemination. Although more 
of these animals conceived (57.46 :1: 3.98%) compared to 
others (51.71 ± 0.615) the difference between the group was 
not important. 

Therc is need to be considercd for improvement in the 
conception rate in rural buffaloes, the factors like breed and 
season. Farmer observations 011 vaginal discharge, vulval 
swelling, bellowing can be relied up on. Amongst other 
symptol11s of heat uterine tonicity, Os condition, type of 
vaginal discharge and thawing temperature are equally 
important. 
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The goat, a mUltipurpose animal, is used since long for 
the production of milk, meat, hide, wool and even for transport 
in remote hilly areas (Sawhney 1992). It is a hardy species 
and survives well on hill sides, deserts and in plains as well. 
The goat populatIOn in India (102 million) is number One in 
the world (FAO Yearbook 1989) and contribute about Rs 
350 crores annually to the Gross Net Production (GNP) of 
the country despite minimum yield/production on wodd basiS. 
The goat is a prolific breeder with a litter sjze varying from 1 
to 4. Dul'ing the last decade, a number of research papers 
have appeared on the morphology, histochemistry, 
biochemistry and physiology of various aspects of 
folliculogenesis and ovum maturation both in v{vo and in vitro 
Illcluding the involvement of various extragonadal, 
mtragonadal, paracrine and autocrine factors. There is an 
urgent and tllnely need to integrate this information and then 
La pomt out the gaps in our knowledge for future investigation, 
especially in the light of recent advances in the biology of 
ovarian follicles in other ruminants including cattle, sheep, 
swine, etc. 

Various reports on the improvement of genetic potential 
of goats through artificial msemination or through embryo 
transfer technology had becn used (Chauhan and Anand 1991, 
Pawshe et al. 1994a, b, Chauhan ('t al. 1997a), In vill'o 
fertIlIzation has recently been implicated to the successful 
developmcnt of blastocysts for studying their genetic 
superiority, polyembryony, production oftl'ansgenic embryos 
and subsequent embryo transfer (Barnes et at. 1993, Madan 
el at 1994, Chauhan ef al. 1999). 

Therefore, an attempt was made to review the available 
mformation on different aspects of biology of ovarian follicles 
Il1 the goat ovary as well as to identify the areas for futllre 
H1vestigations to enhance and efficate productivity of this 
small ruminant. 

Present address: IDepurtl11cnt of Zoology, Kurukshctra 
U11Ivcl'sity, KUl'lIkshctra, Huryana 13G I] C) 

~Depdl'tmcl1l of Zoology, Punjab Agricultural University, 
Ludlmll1u, PUI1Jab 141 004 

'Departmcnt of Zoology, DA V College fOI' Womcn, Kamal, 
Haryanu 13200 I. 

Ovarian structure 
The capl'ine ovaries are ovalm shape 0.7 to 1.9 em long, 

0.5 to 0.9 cm in width and 0.2 to 0.4 em in thickness and 
weigh 0.8 to 1.2 g (Roberts 1971, Gretty 1975, Smgh and 
Prakash 1988). 111e bisection of the ovary has revealed 2 
demarcated zones, the peripheral zone or cortex or zona 
parenchymatosa (375 to 490 mm in thickness) and central 
zone or medulla or zona vasulosa (215 to 305 mill in thickness) 
(Singh and Prakash 1988). The broad cortex ofthe goat ovary 
contains largely the primordial follicles and follicles in various 
stages of growth and atresia, interstitial gland tubules a11d 

some epithelial cords (Sharma et al. 1992). C0l1icai stroma 
is intricate and a number of blood vessels and nerves are seen 
in it. The cortex is externally sUlTotmcled by a surface 
epithelium earlier known as germinal epithelium. It is simple 
and comprised squamous, cuboidal or columnar cells (5 to 
20 ~lln in height). It is cuboidal to columnar in ovaries of 
young goats and transforms to squamous with the 
advancement in age (Singh and Prakash 1988). BeneaUrthis 
lies a thick layer of tunica albuginea composed of coarse 
aveolar connective tissue with fibroblast cells and collagen 
fibres oriented parallel to the ovarian surface (Singh and 
Prakash 1988). The term albuginea was assigned to it because 
of its white colour (Ham and Cormack 1979). The cortical 
stroma consists of a large number of fibroblast-like ce lls and 
collagen fibres oriented in various directions. These cells are 
spindle-shaped and contain large oval and darkly stained 
nuclei. The continuity of stroma is interrupted by follicuJes 
at various stages development or regression, and corpora lutea. 
Of the 5 ovarian compartments, viz. the normal developing 
follicles. atretic follicles. corpora lutea, interstitial gland tissue 
and the stro111a, we shall restrict our focus only 011 the llO!U1al 
developing follicles. 

The primordial follicles lie just close to the surface 
epithelium. They consist of large centrally placed oocyte 
sunollnded by a single layer of flattened follicular 01' granulosa 
cells separated from the surrounding stromal clements by a 
non-cellular basal lamina. 'I11e size of the granulosa cell nucleI 
is large in proportion to their cytoplasm. As folhele grows 
the granulosa cells multiply and form a multi-layered follicle 
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wall around the developing oocyte (Sharma et at. 1992). The 
normal developing follicles can be studIed under 7 stages 
(Kaul' and Ouraya 1983): 

Stage I: Pl'eantral follicles with 2 to 3 layers of granulosa 
cells surrounding the oocyte 

Stage II: Preantral follicles with 4 to 5 layers of granulosa 
celb encircling thc developing oocyte 

,)'tllge Ill: Pre antral follicles with 6 to 7 layers of granulosa 
cel\~ 

Stage IV: Largest preantral follicle with 8 or more layers 
of granulosa cells around the oocyte 

Stage V. Follicle with early signs of annum fom1ation 
Stage VI: Follicle with a single medium-sized cavity or 

two small cavities on either side of the oocyte 
Stage VII. Graafian follicle with large well fonned antmm. 
In a ful1y differentiated fo11icle, the oocyte is sunounded 

by the zona pellucida, membrana limitans is present between 
the theca and granulosa. The cellular stratum of granulosa 
appeared heterogenous. Theca intema is glandular while theca 
extcrna is fibrous. Antrum formation starts at 4 to 5 layered 
stage. Cumulus OOphOlUS is distinct in large follicles. Zona 
formation and theca differentiation start in 1 to 2 layered 
follicle but, thereafter, they increase only in size (Sharma et 
al. 1992). 

Primordialfollicle 
Like other mammalian species primordial oocytes in the 

goat ovary remain arrested at dIplotene stage of meiotic 
prophase fOl' a long duration in the ovarian cortex and resume 
maturation (meiosis) only after the goat has attained sexual 
maturity (6 months) then the hormonal changes induce active 
tol1icular reCll.utment growth and maturation or atresia (Pineda 
1989). The primordial folli.cles are separated by thick stIOmal 
components like connective tissue, fibroblasts, collagen fibres, 
vascular bed, and nerve fibres. Primordial follicle is a simple 
structure consisting of primordial oocyle surrounded by a 
single layer of Huttened granulosa cells demarcated from the 
stroma by the non-cellular basal lamina. These follicles are 
lodged just beneath the surface epithelium 011 the dorsal facet 
of the ovary. These oocytes are characterized by large lightly 
stained ooplasm and a large spherical nucleus and a large 
darkly stained eccentrically placed nucleolus. Nucleoplasm 
shows the presence of darkly stained small dot-like chromatin 
structures, some of such structures are seen adhering the 
llucleal envelope and a lCw lying on or by the side of 
nucleolus. Ooplasm (1G~lm x 32~ll11 to 80~lm x 96~Lm in 
diameter, S111gh and Prakash 1(88) showed the presence of 
coarse granules of various sizes, shapes and staining reactivity 
(Sharma and Sawhney, unpublished observation). In 
ultrastructure, the primordial oocy-tes showed the presence 
ofa large crescentjuxtanllclcar congregation of different cell 
organelles callcd as cytocen(1U111 or archeoplasm 01' Balbiani 's 
VItelline body or yolk nucleus. It comprised stacks of Golgi 
complex, sphericaIl11itoch'cmdria, ribosomes meshwork of 

granular endoplasmic reticulum and pleiomorphic bodies 
(Sharma et al. 1994). Numerous cisternae tubules and large 
vesicular bodies of Golgi are amongst the prominent snuctures 
of the yolk nucleus aggregation. Particles of medium to high 
electron density are also seen in the congregation. A magnified 
version of the saccules of Golgi complex with secretory 
material of electron-dense and homogenous nature was clearly 
visualized. A number of microtubules and a few stacks of 
micro filaments are also seen in this complex. Similar fine 
structural details were reported in oocytes of cattle, buffaloes 
and other mammalian species (Guraya 1968, 197%, Dovrak 
and Tesarik 1980, Guraya 1997, 1998). This structural 
snnilarity opines that the paranuclear complex is structurally 
equipped for synthesis of various RNAs and proteins. Electron 
microscopic studies on unilamellar follicles of rat, guinea pig, 
rabbit and hamster revealed rather a simple aggregates of 
vesicles or saccules as large Golgi complex in mouse (Guraya 
1985,1997,1998, Wassarman 1998). 

Some of the Golgi complexes are scattered throughout the 
ooplasm generally interspersed with mitochondria and are 
also seen in the peripheral region ofthis paranuclear complex, 
The Goigi complexes are mostly associated with clements of 
endoplasma reticulum near the oolenmla. Their membranes 
appear as continllous structure with the endoplasmic 
reticulum. Masses ofribosOlnal fibrils units and heterogenous 
spherical bodies are seen in the vicinity of the nuclear 
membrane in some oocytes, in others they lie at some distance 
away from the nucleus (Sharma et al. 1994). Oocytes in which 
polyribosomal fibrils and micro filaments are attached or are 
lying adjacent to the nucleus, (he membranes of endoplasmic 
reticulum are structurally linked to the outer leaflet of the 
nuclear envelope at intervals around its entirc circumference. 
These fibrils are also associated with Goigi complexes 
scattered throughout the cytoplasm. The rough-surfaced 
paired membranes of polyribosomal fibrils and micro· 
filaments are continuous at their pcriphery with granular 
peripheJUI endoplasmic reticulum. Vesicles of endoplasmic 
reticulum in the peripheral cytoplasm arc frequently filled 
with an electron dense amorphous matcrial. No vesicular 
smooth endoplasmic reticulum was obscrved. Individual 
mitochondria associated with flattened elongated endoplasmic 
are also visualized at some places. '111e basic organization 
and cell organelle assocIated with thiS complex or Balbiani's 
vitelline body in goats (Sharma ef al. 1994) arc identical to 
that or other mammalian specics in general <md bovme Il1 

particular (Guraya 1968, 197%, Dovarak and Tcsarik 1980, 
Ouraya 1997, 1998). Howevcr, particulate paranuclear 
complex commonly observed in bandicoot (GlIl'aya 1985) 
oocyte is not seen in goat thereby indicating either species 
specific differences 01' different paces of follicular 
development. 

The paranuclear Goigi complex in goat primordial oocytes 
(Sharma et al. 1994) is similar to the large Golgi complex 
associated cen organe lle organization reported in human 
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primordial oocytes and has been designated as cytocentrum 
(Devorakand Tesarik 1980, Guraya 1985,1997). The presence 
of pleiomorphic bodies and endoplasmic reticulum associated 
with this Golgi complex is a modification of endoplaslllic 
~eticulum only (Hertig and Barton 1973, Guraya 1985, 1997). 
Basic organization and cell organelles assoCiated with this 
Golgi complex or Balbiani' s vitelline body in goat are identical 
to that of other mammalian species (Sharma et al. 1994). The 
oopJasm of primordial oocyte in the goat resembles that of dog 
in the sense that both contain large rounded mitochondria, 
vesicular elements of SER associated with Golgi (Tesoriero 
1981). The sparsely distributed mitochondria are usually 
spheriodial or slightly elongated in shape. Mitochondria 
possess a few prominent peripheral arched cirstae and their 
matrix contain a few granules (Sharma et al. 1994). Elongated 
nriilamentousmitochondriaareiewinn.u.mber.anro.arilyseen. 
The pleiomorphic variations in mitochondrial for.-n, 
organization and structure in goat oocytes (Sharma et al. 1994) 
possibly represent mitochondrial division by fission and their 
role in metabolism of the developing oocyte (Dvorak and 
Tesarik 1980). Individual mitochondria closely associated with 
flattened or elongated cisternae ofRER in goat oocyte, see.-ns 
to be a characteristic association of bovine species. All these 
ultrastructural characteristics clearly indicate that primordial 
follicles acquire all cytological organelleles required for the 
biosynthesis ofRNAs, proteins, etc. (Sharma et al. 1980). 

Scanning electron microscopic studies have revealed that 
primordial oocytes in the goat ovary are enclosed in smooth 
textured amorphous material. A number of small and eVen 
undulations were commonly observed on the oocyte surface. 
This lay~ is comprised fine granules and appeared slightly 
fibrous'in nature (Sawhney 1992). Similar struct\ll'al 
organizations have already beeri reported in mice, rat and 
rabbit oocytes (Motta and VanBletkome 1974). 

Histochemically, the primordial oocytes of goat sha.re 
general mammalian oocyte characteristics (Guraya 1985, 
1997, 1998) as evidenced by their positive reactions with 
Feulgen, methyl green pyranin-Y, periodic acid Schiff's, 
Sudan black B, mercury bromophenol blue, toludine blue and 
alkaline phosphatase (Guraya Unpublished observations), 

The structural organization of follicle wall of primordial 
follicles of goat revealed that oocyte is only in partial isolation 
from extra-follicular ovarian compartments (Sharma et al. 
1992, Sawhney 1992). Substa.n..ces from the surrounding 
cortical regions have an assess to diffuse into and influence 
oocyte. Anderson (1979) demonstrated transfer of horse radish 
peroxidase grains from adjacent lacuonae between the follicle 
cells into the oocyte, Zamboni (1974) further elaborated that 
oocyte surface is exposed to various components of strOlna 
that all includes blood capillaries. 

Follicular growth 
Oocyte 

Th,e growth and differentiation of goat oocytes during 

folliculogenesis are governed by the activity of granulosa cells 
whose activity is regulated by various extra ovarian and mtra 
ovarian hormones and growth factors (Guraya 1998). The 
oocyte and follicle structure, composition and organelle 
distribution show considerable variability during the course 
of follicular growth and maturation (Shanna and Chowdhury 
1998). 

Ultrastructurally, the growing oocyte shows the presence 
of scattered mitochondria, elements of endoplasmic reticulum, 
vacuoles, glycogen and lipid droplets throughout the follicular 
growth (Sharma and Chowdhury 1998). The oolenuna is 
thrown into numerous slender cytoplasmic processes, 
micropapillae and microvilli. Their number and size increased 
with growth of the 00 cyte. These thick processes interact with 
cumulus cells traversing through the zona pellucida. Golgi 
complexes are mostly locaJizeD jn the vicinily of oolemma 
(Sharma and Chowdhury 1998), The mitochondria appear 
round to oval and no marked change in their shape and size is 
observed during oocyte growth. However, they are randomly 
distributed in the oocytes of medium-sized follicles, whereas, 
mitochondria get concentrated in the peripheral ooplasm of 
large oocytes. Proliferation of mitochondria by fission forms 
a characteristic feature of large goat oocytes (Sharma and 
Chowdhury 1998). Lipid droplets are oval to ,oblong in 
oocytes from medium-sized and are slightly elongated in 
large-sized follicles. Their distribution is uneven, however, 
their number is much higher in fuUy grown oocytes. Presence 
of lipid bodies in the cumulus cells suggest the strong 
possibility of their transport into the growing oocytes as in 
other mammals (Guraya 1985, 1997). Most of the cell 
organelles like Golgi complexes, mitochondria, glycogen 
bodies and phospholipid droplets lie scattered in the cortioal 
ooplasm of oocytes in the large antral follicles, imparting 
central ooplasm a less populated homogeneous core (Sharma 
and Chowdhury 1998). 

The increase in the number and dimensions of microvilli 
on the oocyte surface from medium to large oocytes are 
indicative of uptake of nutritional components from ,the 
surrounding somatic cells. In this regard, goat oocyte 
resembles cattle oocyte (Guraya 1997) and endorse the fmding 
of Moor and Smith (1979). The intimate association between 
the mitochondria, endoplasmic reticulum and Golgi complex 
in goat oocytes advocates further the fmdings of Weakley 
(1966), who demonstrated temporarily dilation of 
endoplasmic reticulum indicative of transitory phases of 
storage of products acquired from the surrounding granulosa 
cells (Norrevang 1968). .-

The aggregation of mitocqondria just beneath the 
ooplasmic membrane in goat oocytes is similar to that in other 
mammalian species (Guraya 1985, 1997). The presence of 
hooded mitochondria in large oocytes, strongly supports 
observations of Fleming and Saake (1972) who suggested 
that this hooding is indicative of an increase in the surface 
area for creation of specific micro-environment to effie ate 
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exchange of metabolites with endoplasmic reticulum. This 
may be the possible reason for enhanced mitochondrial 
number and activity during later phases of oocyte 
development. The peripheral congregation of endoplasmic 
reticulum, mitochondria, Golgi complex and glycogen and 
lipid droplets in goat oocyte strongly endorse the earlier 
findings in other bovine in specific oocytes (Wassalman and 
Albertini 1994, Guraya 1998). 

The localization of corlical granules beneath the plasma 
membrane in large oocytes is similar to that of bovine species 
(Szollosi et al. 1978, Guraya 1985, 1997). The presence of 
latge lipid and glycogen droplets in the oocytes o[the goat is 
also similar to that observed in bovine species in general 
(Fleming and Saake 1972, Guraya 1997). The increase in the 
number of these lipid droplets during oocyte growth are 
indicative of increased pace of lipid yolk deposition in large 
oocytes required to sustain early development after 
fertilization. A similar phenomenon of lipid yolk deposition 
was reported by Guraya (1985, 1997). 

Two distlllct genetically determined biochemical 
(metabolic) programmes function: (i) for differentiation of 
immature oocyte, and (ii) maturation of oocyte before 
ovulation (Guraya 1985, Moor and Gandalfi 1987, 
Leibfried-Rutledgeetal. 19871989, Wassarmal1andA1bertini 
1994, Guraya 1997). The oocyte growth is initiated by (i) 
increase in size and (ii) extension of 02 (growth phasc-2) of 
its meiotic cycle. The augmentation of oocyte growth is at 
very fast pace and the oocyte diameter increases from 15 to 
125 pm, whereas, volume increase is more than 1 DO-fold 
(Sharma, Unpublished observatiolls).These changes are 
associated wilh increased accumulation of RNAs, proteins, 
lipids and other macromolecules and intra-oocytic organelle 
de novo synthesis and their reorientation (Sharma and 
Chowdhury 1998a, b). Quantitative analysis of DNA in 
cumulus-oophol1.ls complex depicts a decline from 3.28 ± 
0.01 to 2,93 ± 0.36 ~lg!mgwetweight as the complex advances 
from medium (2-5 rom in diameter) to large (> 5 mm) follicle 
(Sharma and Chowdhury 1998b). A similar pattern of changes 
1S deplcted by granulosa ceJls and oocyte. The decline in DNA 
content of cumulus-oophorus complex is attributable to the 
comparatively large volume and weight of the oocyte. In 
mouse, the oocyte volume is approxlll1ately 64-times higher 
than an average normal somatic cell (Wassarman 1983). As 
the volume increases the DNA/mg wet weight faUs as also 
evidenced by increased incorporation of proteins and other 
macromolecules (Thiabault et af. 1987, Rabahi ef cil. 1993, 
Lorenzo et al. 1994, Sha1l11a and Grewal 1996, Guraya 1997). 

The RNA per I-lg of DNA content is increased from 
1 Al±O.03 to 1.43± 0, 13 in oocyte. A similartrelld is observed 
in CUl11ulus-odphorus complex and the granulosa cells as they 
advance from medium to large follicle (Sharma and 
Chowdhury 1998b). The elevated quantity of RNA in 
granulosa cells oflarge follicles clearly is indicative of their 
active involvement in transcriptional activity and imparting 

these macromolecules onto the devcloping oocyte wherein 
this effect is not shown because the rate of incorporation of 
storage macromolecules was much higher than these RNAs 
(Wassarman 1983, Madan et al. 1994, Moc!esit et a{. 1994, 
Saccharum and Bovister 1995). 

Quantity of proteinhlg of DNA increased signiflcantly 
from 15.31 :1: 1.13 to 21.31 ± 2.25 in cUl11ulus-oophorus 
complex. This endorses the concept that oocyte continues to 
grow and acquire nutritional milieu and finally maturation 
inducing macromolecules from the surrounding granulosa 
cells (Buccione et af. 1990). Expenments proved (hat 
approximately 50% of the proteins are provided by granulosa 
cells to the growing oocyle, but the nature and funclions of 
these proteins are slill to be investigated (Bachvarova 1985, 
Guraya 1985, VanBlerkom 1985, Moor and Ganuol11 1987, 
Buccione el al.1990, Wasserman and Albertini 1994, Ouraya 
1997). 

Relatively very little information is available on the 
changes in transcription and translation during oocyle growth 
(Sharma and Chowdhury 1998a, b). The quantity of RNA! 
DNA ratio increases fr01111.40-1. 0.03 to 1.43 I 0.13, whereas 
protein/DNA increase is fh)ll1 18,00 l 4.40 to 1 R. 71 + 1.50 as 
oocyte advances ii'Oll1 medium antral follicle to large antral 
follicle (Sharma and Chowdhury 1998b). The pattern of 
changes in quality of proteins in a stage specinc faction is 
being studied in our laboratory, however, such infol111ation 
is available on other mammals (Bachvorova 1985, Guraya 
1985, VanBIerkol11 1985, Ll.!ihfi'ied-Rutledge e/ al. 1989. 
Wassarl11an and Albertini 19(4). The contribution of 
exogenous prolcin from granulosa to thc growing oocyte i$ 
yet to he precisely characterized. 

Besides the accumulation of specific J1roteill~ and variolls 
types of RNAs, goat oocyte store deeply sudanophilic lipid 
droplets which arc designated as lipid yolk bodies. The 
lipoidal aggregates are largely due to the coalescence of 
lransported precursors fro111 the surroundlllg granulosa cells 
by pinocytosis and phagocylosis ((iuraya 1985, 1997, 1998). 
The physiological significnnee or the stage-specific 
accumulation or regulatory protein (protellls) and other 
macromolecules is a very challenging arCH or re~carch. 

Cytochcmistry of developing oocyles shows considerable 
variations. Glucose-6-phosphale dehydrogenase (G-6-PDH) 
and lactate dehydrogenase (LDU) arc reporled III growing 
oocytes of mammals (Brinster 1966, Mungia and Epstein 
1975, Sharma and Gurayu 1(98). The activity of these 
enzymes is directly proportional to the oocyte sIze up to a 
diameter of85 mm and, thereafter, no furlher ill crease oeems 
in larger oocytes, Succinct dehydrogenase ancl acid 
phosphatase show similar trend in mice and guinea pig oocytes 
(Sharma and Guraya 1'998). Such st11clies arc lacking 011 goat 
oocyte. Little or no uptake of glucose lactate and succinate 
was demonstrated in l110US~ oocytes. Pyruvate is most 
efficiently utilized. Carbon dioxide release fr0111 pyJ'1.)vat~ 
increased logarithmically with oocyte growth and reaehes ~ 



April 2000] BIOLOGY OF OVARIAN FOLLICLES IN GOAT :173 

plateau when oocyte acquires a diameter of 50 !lm (Eppig 
1985, Sharma and Guraya 1998). Western-blotting analysis 
revealed that immuno-reactive-proteins to anti-ovarian aldose 
reductase antibodies are present in oacytes at aU stages of 
folliculogenesis in low amount. Investigations on the 
enzymatic changes and selective utilization of substrates 
would be of immense value in determining the specific 
requirements of the developing oocytes in goat in vitro. 

Cortical granules in the goat oocytes are observed at the 
primordial oocyte stage. They appear as small spherical, 
slightly ovoid, membrane limited organelles (Sawhney 1992). 
The glycoproteil1aceous nature of these granules was 
demonstrated using PAS and bromophenol blue stains 
(Sharma Unpublished observations). As the oocyte grow in 
size, they get randomly distributed and finally come to lie 
just beneath the plasma membrane. For their structure, 
biochemistry and physiological role, they are similar to those 
of other manunals. The analysis of the cortical granules for 
establishing the maturational competence in vivo and in vitro 
would be rewarding to determine the cytoplasmic maturation 
of the oocytes required in in vitro fertilization and embryo 
transfer technology programme. Till date, use of lectins to 
study the different glycoconjugate binding sites and their 
variations during oocyte growth has not been undertaken for 
goat oocytes. The research in this area will open new vistas 
revealing the dynamic changes in the membrane-bound and 
free-macromolecular assemblies associated with molecular 
biology of developing oocyte. 

The growing oocyte possess a large, spherical germinal 
vesicle (nucleus) with proll1inent nucleolus with one or more 
nucleoli which show conspicuous changes in their number 
and size during oocyte growth (Monga 1990). Extranuclear 
bodies mainly appear in the oocytes of growing antral follicles. 
They are of more common occurrence in the goat oocytes 
than tllOse of sheep. These bodies could be the granulosa cells 
which have passed into the oocyte apparently by phagocytosis 
as observed in the growing oocytes of the Indian mole rat 
(Kaur and Guraya 1986) and lizards (Guraya 1989, Shanna 
and Grewal 1996). The Ilnother school of thought lead by 
Antonine et at. (1989) postulated that these extranuclear 
bodies originate from nucleolar mass, suggesting extrusion 
of nucleolar material essentially ribonuclear proteins into the 
ooplasm. The origin and functions of extranuclear bodies need 
to be investigated more pl.'ecisely. However, their function 
seems to supply informational macromolecules (RNAs and 
proteins) to the growing oocytes required for early 
developmental stages (Ouraya 1998). Small RNA containing 
vesicles were reported in forest door mouse Dryomys nitedule 
(Zybina et al.1980). A huge quantity ofribonuclear proteins 
(RNPs) is produced by nucleoli and larnpbrush chromosomes 
of germulal vesicle, and l)J"e transported into the ooplasm 
(Guraya 1979a, 1985, 1997, 1998). 

The nucleoli of the growing ooeytes from stage I to IV \ 
follicles appear granular and stain intensely for RNA. The 

fibrillogranular and vacuolated nucleoli present at the onset 
of antrum fOlmation may represent metabolic status indicative 
of active RNA synthesis (Wassarman and Josefowicz 1978, 
Crozet et al.1981). The germinal vesicle develops a dense 
Feulgen-positive body from the primordial follicle to Graafian 
follicle stage (Kiknadze et al. 1980). Nucleolar organizer of 
the nucleolus also reacts positively (Monga 1990). 

The increase in oocyte dimensions both qualitative and 
quantitative depend not only on the synthetic actiVlties of the 
oocyte itself, but also on surrounding follicle cells (Guraya 
1997, 1998). Enhancement in oocylic biomembranes (ccli 
organelles + plasma membrane folds) are crucial in this regard. 
The spatial redistribution of c~l1 organelles endorses the 
changed (enhanced) metabolic attributes of the plasma 
membrane of the oocyte. The zona pellucida, an acellular 
barrier between corona cells and oocytes also adds to its 
thickness during folhcle growth. The growth and further 
differentiation of the oocytes is maintained by numerous, 
precise heterologous contact zones which have a nllmber of 
microvilli and micro-papillae on the oocyte surface that extend 
across the zona pellucida, interact with granulosa cells, and 
serve as the lifeline for the growing oocyte CEppig 1985, 
Thibaultetal. 1987, Wassarman 1994, Sharma and Sawhney 
1999). The corona cells have one Or more than one foot 
processes which join or terminate as bulbous extension 
(Thiboult et al. 1987, Sharma and Guraya 1990, Guraya 
1997). Along the such apposing membranes junctional 
complexes are formed. These juxtaposed membrane 
specializations form the communication chamlel between the 
granulosa cells and the oocyte, 

In the small antral follicles, the apposed cell membrane 
areas of contact aSSOciate by means of desmosomes (Sawhney 
1992, Guraya 1997). As follicle advances, the number and 
dimensions of individual junction increase (Amsterdam el 
al. 1979, Sawlmey 1992). Nexus (gap junctions) are highly 
specialized portions of plasma membrane between the 2 
interacting cells (granulosa cells, gri;lllulosa.oocyte cells) and 
appear as minute attachments. In rabbit, abutment and annular 
nexUs were reported (:Bjersing 1978). Sharma and Sawhney 
(1998) identified such interacting surfaces in goat follicles, 
but their mechanism of operation and the permeability
permissible limits need to be investigated further. There 
does not exist any reduction in gap junction mediated 
communication between oocyte and cumulus cell up to 
germinal vesicle breakdown (Epigg 1985). The persistence 
of these anatomical structures, therefore, endorse the 
hypothesis that gonadotrophin. induced maturation IS 

influenced by the loss of gap junctional complex leading to a 
decrease in meiosis arresting substances (Buccioni et al. 1990, 
Amsterdam 1979). Gap junction channels are made up of 
cOlmexin family ofpr()teins (Sutovsky et al. 1993). Sutovsky 
et al. (1993) demonstrated that connexin-43 positive gap 
junction was present between corona radiata cells and 
oolemma disappear after 6 hr of culture and synthesis of 
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connexin-32 starts after 6 hr thereby suggesting dynamic 
changes in channel structure and function during near the 
germinal vesicle breakdown stage. Such studies are still 
lacking in goat. 

Follicle wall 
As the oocyte from the quiescent pool of primordial 

oocytes enters into growth phase, the cellular components 
encircling the oocyte undergo dynamic changes in their shape, 
structure and functions. The components of the follicle wall 
facing the stroma get differentiated into theca, and the layer 
of cells immediately in contact with oocyte transfonns into 
the granulosa. This demarcation ooccurs right when oocyte 
is surrounded by a single layer of granulosa cells (Shalma et 
al. 1992). 

Thecal components: Theca of the developing ovarian 
follicles of goat is differentiated into theca extema and theca 
intema. Theca externa acts largely a cellular barrier, while 
theca intema as steroidogenic entity (Sharma et at. 1996). 
The light microscopic analysis of theca extema reveals that it 
comprises fibrous cells, collagenous filaments and a number 
of blood vessels, and nerve transverse this structllIe (Guraya 
et al. 1991, Sharma et al. 1996). 

The ultrastructural details of goat theca extema cells 
revealed the presence of profiles of rough endoplasmic 
reticulum and elongated mitochondria possessing tubular 
cristae (Sharma et al.1996). Similar structural details of 
fusifonn cells in theca externa of cattle are on record (Espey 
and Lipnel' 1994). The frequent occurrence oflipid droplets, 
glycogen granules and ramifying rough endoplasmic 
reticulum further endorse the non-steroidogenic function of 
these cells as already demonstrated in other mammalian 
species (Mestwerdt et a1.l977, Dvorak and Tesarik 1980, 
Guraya 1985, 1997). 

Theca intema consists of elongated to polyhedral cells and 
a thick bed of capillaries and lipoidal tissue lines this struchlI'e 
(Shamm et al. 1996). Ultrastructurally, the theca interna cells 
of the goat shows numerous profiles of smooth endoplasmic 
reticulum, ovoid mitochondria with tubular cristae, a number 
of Golgi complexes and lipid droplets (Shalma et al. 1996) 
indicating basic similarity in organizational plan in Bovidae 
as evidenced by the observations on proestrous cattle theca 
interna (Priedkalns and Weber 1968a, b). 

The changes in mitochondrial shape and appearance of 
smooth endoplasmic reticulum in theca intema cells recorded 
from proestrous to estrous phase in cattle (Pl'iedkalns and 
Weber 1968a, b) were not observed in the goat. The 
appearance of similar battery of cell organelles in theca intema 
cells of members ofBovidae is associated with development 
of steroidogenic enzymes (Label and Levy 1968) indicating 
acquisition of steroidogenic potential (Guraya 1997). An 
identical ultrastructural organization was reported in mammal 
in general (Guraya 1985, 1997). The presence of Golgi 
complexes in the goat theca intema cells is indicative of its 

involvement in the exchange of materials from the extra 
follicular reserves (Sharma et al. 1996) as also supported by 
the increasing acid and alkaline phosphatases activities related 
to the enhancement of membrane permeability (Sangha and 
Guraya 1989). Desmosomes, hemidesmosomes and other 
types of cellular junctions were also observed (Shalma et al. 
1996). 

Basal lamina: The general structural organization of basal 
lamina in follicles of goat resembles largely with that of other 
mammals (Anderson et al. 1978, Hirshfield 1991) and further 
strengths the concept that this layer acts as substratum upon 
which peripheral layer of membrana granulosa is laid. 
Biochemically, this layer contains hexose containing 
mucopolysaccharides, acid mucopolysaccharides, 
sialomucins, chondroitin sulphate, fibronectil1, hyaluronic 
acid and fibrin sulphate (Anderson et al. 1978, Axelsson and 
Heinegard 1980, Bagavandoss et al. 1983, Polotie et al. 1984, 
Guraya 1985,1997,1998, Sharma 1987, Sharma etal. 1995a). 
The presence of various junctions like structures advocates 
further that this layer functions as sieve and selected molecules 
are transported into the developing follicle (Anderson et at. 
1978, Hirshfleld 1991). 

The confluency of the materials of basal lamina origin with 
granulosa cells further indicates that this membrane is 
permeable to some molecules such as glucose and lactose 
(Guraya 1985) and selectively pemleable to macromolecules' 
(Hirshfleld 1991). The localization of some membrane bound 
material (particulate) is indicative of the transport of enclosed 
material onto the developing follicle, whereas, its membrane 
is involved in the formation of basal lamina as suggested by 
Hirshfield (1991) that basal lamina increases SOD· fold as from 
small·sized follicle to antral follicle. Lectin staining studies 
support this concept (Sharma 1987). 

Most of the ovarian and thecal endocrine and 11on
endocrine (includil"lg nutritional milieu) components are 
transported onto the membrana granulosa through a 
non-cellular basal lamina which acts as sieve and allows only 
selected macromolecular size fraction of blood transudate to 
be pass~d onto the il1trafollicular environment (Sharma et al. 
1995a). Ultrastructural studies on basal lamina revealed 
several undulations and uneven thickness of this non·cellular 
layer bipartite stmcture comprised heterogenous stratum of 
electron dense material. This fom1s the stratum upon which 
the peripheral layer of granulosa cells is laid (Shalma et al. 
1995a). It comprised of collagenous fibres, fibrin, laminin 
and other finely granulated material. A number of free and. 
membrane bound granules of varied electron opacity are also 
frequent. At some places, a l~rge number of such granules 
are congregated. This structure reveals a number of membrane 
modifications and at some places, the material of some cells. 
is confluenced with the material of basal lamina, still at other 
sItes desmosomes, hemidesmosomes and annuiate type of 
modiflcations are common (Shal1na et al. 1995a). 

Membrana granulosa: With the oocyte growth, the layei 
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of cells inunediately enclosing the oocyte undergoes rapid 
multiplication forming single layer of flattened granulosa cells 
of the primary follicles. The size of granulosa cell nuclei is 
larger in pr6pottion to their cytoplasm (Sharma et al. 1992). 
As the follicle advances in size, the granulosa cells multiply 
and form a multi-layered structure which subsequently 
acqujres small intercellular gaps leading to the formation of 
antrum that contains exudates from the surrounding granulosa 
cells (Shanna et al. 1992). Morphologically, histochemically 
and functionally membrana-granulosa is a heterogenous 
entity. The mural granulosa cells are more or less columnar 
in their general outline while cumulus granulosa cells arc more 
or less spherical in shape. The corona radiata cells are highly 
differentiated group of granulosa cells (Sharma and Guraya 
1990, Shalma and Sawhney 1999). Under scanning electron 
microscope, the mural cells appeat mare at less colunmar in 
shape and are arranged in continuous matrix. The fine 
amorphous material is commonly found coagulated on the 
surface of these cells under such conditions, the cells appeared 
to be arranged in rows and are approximately of the same 
size, imparting a crater-like morphology to the whole 
structure. Small ruffles and intermittent membranous blebs 
are frequently observed ,on their surfaces (Sharm!l- and 
Sawhney 1999). The cumulus cells /:Ire more or less irregular 
in shape and long cytoplasmic extensions (mostly unipolar) 
are observed in corona radiata cells. However, small granulosa 
to granulosa cell interacting extensions are also observed 
(Sharma and Sawhney 1999). Finely granulated material 
similar to that present in follicular fluid adheres to the surfaces 
of cumulus cells. A few granulosa cells with uneven outline 
showed short stumpy extensions on their surfaces. The corona 
radiata cells are attached to the zona pellucida by typical 
elongated cellular projections. The granulosa to granulosa 
extensions are fragile and few in number (Sharma and 
Sawhlley 1999). The mural goat granulosa cell morphology 
resembles largely that of rabbits, mouse and rat (Narimoto et 
al.1986, Sharma and Guraya 1990). The heterogeneity in 
membrana granulosa observed in goat is similar to that 
described in rat (Sharma and Guraya 1990, Vrobeva and 
Tsitologiya 1990, Rao et ai. 1991). 

Under transmission electron microscope the granulosa cell 
cytoplasm showed the presence of Golgi complex, rough 
endoplasmic reticulum (RER), smooth endoplasmic reticulum 
(SER), and eliptical to round mitochondria with simple cristae 
(Sharma and Sawhney 1999). Multiple large clumps of fIne 
granular material adhere to the nuclear envelope. The 
ultrastru.ct\.lral details of caprine granulosa cells resemble 
largely those of the rat, mouse, sheep, and bovine granulosa 
cells (Guraya 1985, 1997, 1998). The ultrastructural details 
indicate that granulosa cells are largely protein synthesizing 
in natute as in cattle and buffaloes (Guraya 1997). 

The relative abundance between smooth and rough 
endoplasmic reticulum changes with the alteration in position 
within the follicle and with the advancement in size of the 

follicle (Sharma and Chowdhury 1998a). The number of 
mitochondria, glycogen and lipid droplets, and pleomorphic 
bodies also shows a change closely related to the metabolic 
obligations of the stage at specific site with the membrana 
granulosa (Sharma, Unpublished observation). Ax et al. (1984) 
have suggested that these changes are largely attributable to 
the variations in the oestrogen nidre. 

The peripheral granulosa cells show tightly opposed 
membranes in the basal granulosa cells and those facing the 
follicular fluid (antrum) show an intercommunicated complex 
cellular meshwork through the invaginatiollS and evaginations 
of the cell membranous structure. The junctional complexes 
with adjacent cells are a specialized area of plasma lenuna 
which extends over a considerable length involving plasma 
membrane or cell process which invades into the cytoplasm. 
SEM studies have revealed such extensive processes. True 
intracellular inclusions, derived from a pinched off p0l1ion 
of the micro·extensions were reported in a number of animals 
(Merk et al .• 1973, Zamboni 1974, McGughey et aI. 1990, 
Phillips and Deke11991, Sharma and Sawhney 1999). 

The ultrastructmal analysis of cumulus oophorous complex 
has revealed the structl!re of interacting sites between the 
oocytes and the granulosa cells. The presence of such 
interacting areas are suggestive of the metabolic cooperativity 
between the oocyte and the enclosing granulosa cells 
(McGughey et al. 1990). A number of investigations 
confIrmed the nutritional and regulatory role of somatic cells. 
Sharma and Sawbney (1999) revealed that gap.junc;tions are 
the sites implicated in cell to cell communication and 
metabolic interaction between the granulosa cells and the I 
oocyte. They further revealed that an elaborate gap junctional 
meshwork is present in membrana granulosa of goat. This is 
in agreement with the reports on other mammalian species 
(Guraya 1985, 1997). The ultrastructural details of caprine 
ovarian follicle are suggestive of the fact that follicle as a 
whole encloses membrana granulosa and oocyte in a COmmon 
syncytium, and it provides structural basis for the transfer of 
nutritional and regulatory molecules from the somatic cells 
into the oocyte. 

The membrana granulosa of goat antral follicles reveals a 
high degree of pleiomorphism in morphology and junctional 
complexes in different follicles (Sharma and Sawhney 1999). 
Similar variations in gap junctions were reported in rat, 
hamster and rabbit (Larsen et aJ. 1981, 1987, Recowsky et 
al. 1989). Different hypothesis were postulated to explain 
and specifry the role of these interacting areas. It has recently 
been suggested that, these are involved in (i) the maintenance 
of gap junction integrity and prolonging the meiotic arrest 
through the transfer of meiotic arrest proteins from the 
granulosa cells into tlle oocyte, and (ii) physical dismptiol1 
of granulosa syncytium network by pre-ovulatory LH range 
interrupts the transfer of this protein thereby permitting the 
resumption of meiosis (Sawhney 1999). 

Follicularfluid: The follicular fluid appears between the 
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spaces in membrana granulosa of pre antral follicles. It is more 
viscous and consistent in early phases. With the advancement 
in size of the follicle these small fluid filled spaces coalesce 
leading to the formation of antrum. In higher mammals 
especially sheep, goat, cattle and buffalo, the antrum acquires 
the huge dimension and in mature preovulatory follicles, it 
becomes slightly less viscous. Following types of follicular 
fluid were described in mammals (Guraya 1985, 1997): 

(i) primary follicular fluid of membrana granulosa origin, 
(ii) secondary follicular fluid of blood plasma origin, and 
(iii) follicular fluid having leucocytes, cell debris that plugs 

ruptured follicle. 
The straw coloured follicular fluid viscosity varies with 

the follicular growth and there appears a complex network of 
fibrous mucopolysaccharides. The pH of follicular fluid is 
normally 7.0, whereas pC02 varies with the stage offollicular 
growth and species (Guraya 1985). Histochemically, methyl 
green pyronin Y, periodic acid Schiffs and alcian blue (pH 
1.0) reactivity increases with follicular growth and strong to 
intense reaction were reported in pre-ovulatory, antral 
follicular fluid of goat (Monga 1990). However, Feulgen test 
for DNA was negative in the follicular fluid. Chemically; 
follicular fluid contains proteins-albumins, globulins, 
fibrinogens, lipoproteins, galactosamine, brodykinin, heparin, 
IgA, IgM (Guraya 1985), amino acids.Asp, Thr, Glu, 
Glu-NH2, Gly, Ala, Met, carbohydrates-glucose, fructose, 
mannose, galactose, fucose, glycosamine, galactosamine, 
hyaluronic acid (Guraya 1985), enzymes-aminopeptidase, 
alkaline phosphatase, adenosine triphosphatase, acid 
phosphatase, aspartate amino transferase, alanine amino 
transferase, endopeptidase, collagenase, fructose bisphosphate 
aldolase, hyaluronoglycosidase, proteinase, plasmin, 
dipeptidase, lactate dehydrogenase, pyrophosphatase (Guraya 
1985), non-nitrogenous metabolites-citric acid, lactic acid and 
sialic acid, steroids-androgens, cholesterol, oestrogens and 
progestagens, gonadotropins-FSH, LH, prolactin and their 
subunits (Guraya 1985), inhibitors and stimulators-FSH 
receptor binding inhibitor, inhibin or FSH-suppressing 
substance, luteinization inhibitor, luteinization stimulator, 
oocyte maturation inhibitor (Gmaya 1985), elements and salts 
of copper, calcium, chlorine ions, sodium, potassium, 
inorganic phosphate, magnesium, zinc, phosphorus, sulphur 
(Sharma et at. 1995b, Shalma and Sharma 1997, Sharma and 
Vats 1998). 

The follicular fluid biochemistry in the goat has largely 
been ignored (Guraya 1997). The follicular level of FSH in 
medium-sized antral follicles (2-5 mm in diameter) increased 
from 0.6 to 1.15 mIU/ml in large antral follicles (>5 mm in 
diameter). However, variations in follicular LH titre was from 
5.8 to 7.8 mID/ml in both the categories of the follicles, 
respectively (Sharma and Chowdhury, Unpublished 
observations). The intra-follicular progesterone level 
increased from 44 to 70 ng/ml from medium to large follicles. 
The variations in estradiol titre was from 2 300 to 5 800 pg/ 

ml (Sharma and Chowdhury, Unpublished observations). 
These variations in follicular fluid hormonal titre corresponds 
to the circulatory gonadotropins. 

The production of progesterone and oestradiol by ovarian 
follicles was high _in PMSG-induced superOVUlation, j1] 

goats (Kumar et al. 1992). These fluchlations i11 folill-uh•f 

steroidogenesis are not related to the enhanced incidence of 
premature chromatin condensation in oocytes of PMSG
treated animals. PMSG reduced fertilization rates through 
elevated steroid production in the periovulatory period leading 
to the disturbances in gamete h'ansport in the reproductive 
tract (Robinson 1973, Trounsn and Moore 1974, Crisman et 
al.1980, Evans and Armstrong 1984, Kumar et al. 1992). It 
is also suggested that cytoplasmic maturation of the oocyte is 
influenced by the changing level of hormones leading to the 
reduced fertilization rate (Kumar et al. 1992). 

The quantity of sodium (Na) d.eclined significantly 
(P<O.05) from 5281.63 to 4476.09 ~lg/g, as follicle advanced 
in size from early antral «2 mm in diameter) to ovulatory 
(>6 rum in diameter), whereas, the concentration of potassium 
(K) increased from 141.'54 to 211.87 ~lg/g (Sharma et al. 
199 5b). The variations observed are in agreement with earlier 
findings (David et al. 1973, Chang ct at. 1976, Knudson et 
al.1979, Guraya 1985). The elevated quantity ofNa and K is 
in agreement with the findings of Knudson et al. (1979) who 
attributed it to the follicular fluid maturation fro111 medium to 
large antral follicles. Investigations ofSchuc!z and Anisowicz 
(1974) and Chang et al.(1976) reported higher K values in 
the follicular fluid and ovaries obtained fro111 slaughterhollse. 
The anoxia and intra~follicular acidosis becausc of ischaemia 
prior to collection may induce postmortal degcneration of 
gratullosa cells leading to the leaching out ofil1tra-cellular K 
into follicular fluid (Shanna et al. 1995b). Sharma and Vats 
(1998) analysed Fe, Mn, and Cu levels in 6 categories of 
nom1al developing follicles of goat. The Fe content increased 
as follicle advanced from early antral to preovulatory stage. 
These variations corresponds to the changes in steroid 
hormones (progestrone and oestrogen) that induces 
haemodYllamic pulses in the vascular shunt of the develdping 
follicles (Guraya et at., 1991). Development of smooth 
musculture arround the follicle also attributes to this variation. 
The decline recorded in the ovulatOlY follicles of goat may 
be due to ischemia leading to the rupture of follicle wall at 
stigma (a vascular deficient portion) (Guraya et at. 1991). 
The Mn level varied irregularly possibly because of changes 
in its utilazatioll and uptake (Sharma and Vats 1998). TIle 
variations in the Cu levels in different categories of follicles 
showed a positive relationship with oestrogen concentration 
that increases the cernloplasmin synthetase (Sharma and 
Shamla 1997, Shanna and Vats 1998). The minute variations 
in different categories of follicles are possibly due to 
synergistic effect of progesterone and oestrgen (Shalma artd 
Shamla 1997), as well as mobilization ofCu to erythrocuprein, 
heptocuprein, cytochrome-C oxidase, tyrosine mOl1oamme 
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oxidase, ascorbic acid oxidase and a number of coenzymes 
m dehydrogenases required in fatty acid metabolism (Sharma 
and Sharma 1997, Shanna and Vats 1998). 

The concentration of oestradiol in the follicular fluid after 
sponge withdrawal is nonsignificantly (P<0.05) different. 
However, in PMSG-primed goats, it is signiflCantly higher 
and a significant increase in the onset of estrous is observed 
(Kumar et al. 1992). At 18 hr after hCG administration, the 
oestradiol decreased markedly in follicular fluid (Kumar et 
al. 1992). The quantity of progesterone is 0.2 nmol-l mland 
a significant increase is recorded after 18 hr ofhCG treatment 
(Kumar et al. 1992). The mechanism by which PMSG alters 
follicular steroidogenesis in vivo in goat (Kumar et al. 1992) 
and sheep (Moor et al. 1985) is unknown. It may be due to 
predomil1ant LH-like activity ofPMSG (Fanner and Papkoff 
1979, Hendersol1 et al. 1990) that initially activates the theca 
intema in follicles recrUlted for growth to synthesize elevated 
quantity of androgen precursor that are acted upon by 
aromatase enzyme of granulosa cells leading to an increase 
in oestradiol accumulation after 48 hr of treatment (Kumar et 
al.1992). Moreover, the prolonged half-life of PMSG 
(McIntosh et al.1975, Schams et al. 1978)l coupled with the 
ability of oestradiol to increase the responsiveness of 
granulosa cells to FSH (Richards 1980) further stimulates the 
follicles to continue producing increased amounts of 
oestradiol (Kumar et at. 1992). The follicle needs to be primed 
WIth oestradiol before FSR can induce increased synthesis of 
LH receptors (Richards 1980) thus responsible for the higher 
intra-follicular progesterone concentration (Kumar et al. 
1992). 

Regulation offollicle growth 
Follicular development, differentiation and growth are 

controlled by intra-ovarian, intra-follicular and extra-ovarian 
endocrine and growth factors (Guraya 1997). Follicular 
growth is regulated under the dynamic interaction between 
FSH and LH produced by the pituitary (Greenwald and 
Terranova 1988, Greenwald and Roy 1994). Follicular growth 
is mediated by cAMP and is modulated by a number of factors 
including steroid hormones (progesterone, androgens, 
oestrogens), and non-steroidal factors-growth factors and 
neuro-regulatory peptides (Hirshfield 1989a, b, Tsafriri and 
Adasha 1994, Guraya 1997). The pituitazy gonadotropins, 
ovarian steroids and non-steroidal nictors interact to regulate 
the initiation of meiosis in foetal ovary, recruitment of 
primordial follicles and selection of ovulatory or atretic 
follicles (Tsafl'iri and Adashi 1994). In vitro studies 
demonstrated that local factors are of extreme importance as 
they react with the reproductive honnones to control specific 
ovarian functions. The isolation, chemical characterization, 
synthesis, functions and mechanisms of action oflocal factors 
lllcluding growth factors and neuro-regulatory factors, which 
have been extensively investigated fol' rodents, cattle human, 
are required to be studied for the goat. This information may 

help to improve the reproductive efficiency especially 
foliculogenesis and rate of superovulation in the goat. 

The circulating level of oestrogen-17f3 was 15.54 ± 1.0 
and 15.30 ± 1.59 pg/ml on the day one of oestrus in SUlii and 
Marwari goats, respectively (Pathak et al. 1992). The serum 
oestradiol level gradually declined (5.87 ± 0.93 and 5.64 ± 
1.30 pg/ml) as luteal phase advanced up to day 13 of the 
oestrous cycle. Thereafter, the nidre of this hormone increased 
representing the new follicular phase and acqUlres a maxima 
(17.76± 1.86 and 16.51 ± 1.08 pg/ml) on day 20th (Pathak et 
al. 1992). However, Mgongo et al .. (1984a, b) reported 
slightly lower values for oestradiol-1713 in African goats. 

The minimum progesterone level (0.50 ± 0.11 and 0.76 ± 
0.11 ng/ml) in blood serum was recorded on day 1 of the 
oestrous cycle in Surti and Marwari goats, respectively. A 
peak in serum progesterone level was recorded on day 9 in 
Surti (3.32 ± 0.54 ng/ml) and on day 13 in Marwan goats 
(2.34 ± 0.58 ng/ml) (Pathak et al. 1992). Cmulatmg 
progesterone was at base level in rest of the days of the cycle. 
A similar trend was reported for African goat (Mgongo et al. 
1984a), Assami goat (Baruah et al. 1987), and for German 
goat (Wani 1989). The variations recorded irt ovarian steroid 
prodUction is a direct indication of the pulsulation in level of 
pituitary FSH and LH (Guraya 1997). 

In vitro studies have indicated that FSH alters the 
biosynthesi~ of specific protein (Chakaraborty et at 1993). 
As the quantity of ciroulating FSH increases, the synthesis of 
specific type of protein increases, whereas, the proteins of 
other type decrease quantitatively. FSH stimulates the growth 
of large follicles by promoting the synthesis and release of 
stimulatory polypeptides of 370 kD MW but medium"sized 
follicular growth is regulated by oestrogen induced inhibitory 
peptides (Chakaraborty et al. 1993). Studies on stage specific 
analysis of proteins synthesized during folliculogenesis would 
be enlightening and results shall be directly implemented in 
the process of maturation and ovulation in goats in vitro. 
Principal hormones that influence follicular growth 
differentiation and maturation include gonadotropins (FSR, 
LH, prolactin) produced by the pituitary, and steroid hormones 
such as progesterone, androgens and oestrogens secreted by 
the ovary (Findlay and Carson 1980, Richard 1980, Guraya 
1985, Hillier 1985, Ireland Roche 1987, Greenwald and 
Terranova 1988, Inskeep et al. 1988, Gore-langton and 
Armstrong 1994, Greenwald and Roy 1994). Specific role of 
FSH and LH in growth and differentiation of follicles has, 
however, not been studied in goats and buffaloes (Findlay 
1993, Gore-Longton and Armstrong 1994, Greenwald and 
Roy 1994). It has been established that gonadotropins are 
required for the development of dominant follicles and 
production of oestrogen and for ovulation (Driancourt 1991, 
Driancaurt et al. 1993). However, the mechanism that regulate 
the development of ovulatory and non-ovulatory don:inant 
follicles remain to be determined. 

In vitro culture of goat granulosa cells revealed time 
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dependent production of progesterone 0 hr, 0.92 ± 0.20,6 hr, 
1.54 ± 0.25, 12 hr, 2.15 ± 0040,24 hr, 2.65 ± 0.65,48 hr, 3.95 
± 0.15, and 72 hr', 4.01 ± 0.30 ng/l 05 cells (Sharma A 1987). 
The estrogen release increased from 0.45 ± 0.20 at 0 hr to 
3.75 ± 0.32 ng/10s cells at 72 hr of culture (Sharma A 1987). 
A similar pattern of secretion of hormones was observed in 
in vitro cultured theca cells. The estradiol production was 
more in theca cell culture than the granulosa cells (Sharma 
1987). 

Follicular dynamics 
Camp et at. (1983) studied ovarian follicular activity by 

of laparotomy exteriozation of the ovaries and examination 
of slaughter house ovaries.In the goat, the growth and 
regression of ovarian follicles (::: 3 mm) were investigated by 
trans rectal ultrasonography for 4 interovulatory intervals in 
each ofS Saanengoats (Ginther and Kot 1994). The observed 
number of growing 4 mm follicles per day differed 
significantly (P<0.05) from ranoomness, thus indicating that 
follicles on the average, emerged in waves (groups). Averaged 
overall interovulatory intervals the number of3 mm follicles 
on each day that later reached::: 6 mm, followed a pattem 
significant pcak on days 0, 4, 8, 14 (Ginther and Kat 1994). 
A follicular wave defined by consecutive days of entry of 
follicles 2: 6 mm into the wave, and the day of emergence 
was defined as the first day that the 6 mm follicles were 3 
mm(Ginther andKot 1994). III 75% interovulatory intervals 
wave emerged during each of day 2 to day 1 (wave 1), days 2 
to 5 (wave 2), days 6 to 9 (wave 3) and days 10 to 15 (wave 
4). Ovulation occurred during wave 4 (Ginther and Kot 1994). 
The mean days of emergence of waves 1 to 4 were days 1, 4, 
8, 13 respectively. However, in 5 for these 15 interovnlatory 
intervals 50% of the apparent waves emerged or were 
continuous so that a distinction could not be made between 2 
waves (Ginther and Kot 1994). The largest follicle grew to a 
larger (P<O.OS) maximum diameter for wave 1 (8.7 ± OJ 
rum), and 4 (9.7 ± 0.3 mm) than for waves 2 (7.2 ± 0.2 mrn) 
and 3 (7.3 ± 0.2 nun) (Ginther and Kot 1994). They further 
suggested that the phenomenon of follicular dominance was 
more cornmon during waves 1 and 4 than during waves 2 
and 3. The inter wave intervals (days) were longer (P<O,OS) 
for waves 1 (3.4 ± 0.2) and 4 (4.3 ± 0.6) than for waves 2 and 
3 (2.S ± 0.2 for each wave) and the correlation between 
maximum dianleter oflargest follicle and the subsequent inter
wave interval was significant for waves 1 and 4, but not for 
waves 2 and 3 (Ginther and Kot 1994). The remaining 
interovulatory intervals were irregular and involved more than 
4 waves including 2 interovulatory intervals with prolonged 
follicular phases (day 14 :j.nd 21) and failures of ovulation 
(Ginther and Kot 1994). They have concluded that the 
predominant follicular wave pattern was 4 waves. The 
ovulation occulTed from wave 4 and apparent follicular 
dominance was expressed during some follicular waves 
especially during waves 1 and 4. 

The development of distinct groups offollicles during the 
oestrous cycle in cattle (Pierson and Ginther 1987a) and mares 
(Pierson and Ginther 1987b) was demonstrated b" trans rectal 
ultrasonography. This technique allows the maintenance of 
day-to-day identity of individual follicles in specific animal 
and 2 or 3 waves occur during the estrous cyclt :__ ..t".'. 
(Pierson and Ginther 1988, Savio et al. 1988, Sirois and 
Fortune 1988) and one to two waves in mares (Ginther 1990, 
Sirois et al. 1988). In these 2 species, one follicle becomes 
dominant and far exceeds in its diameter than subordinates 
in the wa,ves. In sheep dominance was equivocal, but may 
have occurred in association with the development ovulatory 
follicles (Ravindra et al. 1993, Schrick et al. 1993). 

In goat ovary, some binucleate oocytes were observed in 
the primordial follicles. These healthy follicles were 
characterised by possessing 2 nuclei with 2 distinct nucleoli 
within 1 oocytc (Guraya et al. 1998). Biovular and triovular 
follicles were also observed at some stage. These polyovular 
follicles were enclosed within 1 follicle wall (Guraya et al. 
1998). Binucleate ova may be formed during early 
development of the ovary whcn primordial germ cells 
proliferate by mitotic activity to form numerous female germ 
cells (Guraya et al. 1998). During this process in Some 
primordial germ cells, the nucleus may undergo mitotic 
division to form 2 nuclei, which is not accompanied by 
cytokinesis, rcsulting in the formation of binucleate female 
genn cells or oocytes which gets associated with somatic cells 
to fom1 primordial oocyte by completing early stages of 
meiosis in both the nuclei (Guraya et al. 1998). It may be 
possible that binucleate oocyte may be formed by the fusion 
of 2 adjecently placed primordial genu cells in the early stages 
of ovarian development. Multiovular follicles in the ovaries 
of sheep and goat appeal' to be formed by the enclosure of 
more than 1 primordial germ cells or primordial oocytes by 
the follicle walL Morphogenetic factors involved in the 
fonnation of polyovular follicles remain to be determined at 
the cellular and molecular level. It also remains to be 
detemrined whether polyovular follicles can ovulate more than 
one egg in response to various hormomil treatments which 
are being used for superovulation (Guraya at al. 1998). These 
follicles generally undergo atresia. 

Oocyte maturation 
The caprine oocytes like those of other mammalian species 

remain arrested at dyctiate stage of the meiotic prophase until 
shortly before ovulation. It is preovulatory LH surge that 
triggers the resumption of meiosis. The spontaneous 
resumption of meiosis was demonstrated when oocytes are 
released from follicles ill vitro (Edwards 1965). This 
phenomenon includes the germinal vesicle breakdown 
(GVBD) and culminates at metaphase II, where second 
meiotic arrest occurs. At this stage, oocyte is said to be mature 
and ready for fertilization (Edwards 1965). The cl.l.tl1ulus 
enclosed or denuded oocytes collected from different 



April 2000] BIOLOGY OF OVARIAN FOLLICLES IN GOAT 379 

mammalian species and placed in suitable culture medium in 
vitro resume meiosis spontaneously and undergo gemlinal 
vesicle breakdown (OVBD) (Edwards 1965, Thibault and 
Gerard 1973). This phenomenon of spontaneous maturation 
in vitro was used as a model for studying the meiotic 
regulatory factors in oocyte maturation. 

During the last decade, the importance of in vitro 
maturation has gained a great importance because this 
technique affords to produce a large number of embryos 
required for research and to get offsprings. Recently, a lot of 
research has been involved in the development and 
improvement of in vitro maturation (rVM) and in vitro 
fertilization (IVF) of oocytes of domestic animals (Brackett 
1992). A number of factors including physical, physiological, 
biochemical and immunological playa significant role in rVM 
and IVF (Chauhan et aZ. 1997a, b, 1998a, b, 1999). The size 
of the follicle from which oocytes are collected (Fukui and 
Sakuma 1980, hilanti 1988), the presence or absence of 
adhering cumulus cells (Leibfried and First 1979, Fukui and 
Sakuma 1980, Crister et al. 1986) and temperature at which 
oocytes are cultured (Lenz et al. 1983) largely influence the 
success rate of IVM and IVF. 

The follicular oocytes are harvested either by aspiration 
or by ovarian slicing, although the slicing of the fol1icles or 
ovary yields better oocyte recovery (Katska 1984, Wahid et 
at. 1992, Pawshe at al. 1994b). Yet aspiration is cotmnonly 
used (Gordon and Lue 1990). Experiments to improve oocyte 
recovery by follicular aspiration and in vitro maturation and 
fertIlization and embryo culture in small nuninants were made 
(Keskintepe at at. 1993). Crozet ef af. (1995) studied the 
developmental competence of cap rille oocytes collected from 
follicles of different sizes following ill vitro matmation, 
fertilization and culture. They demonstrated that 
developmental competence of goat oocytes is acquired 
gradually during follicular growth. It is, therefore, only a few 
oocytes collected from large antral follicles develop the 
potential to progress to blastocyst stage following in vitro 
fertIlization and maturation culture. 

In bovine, impOltant differences in proportion of oocytes 
were observed by splicing and aspirationmeiliod. The number 
was statistically significantly higher in the splicing method 
(Hamano and Kuwuyama 1993). The impact of collecting 
technique on number of oocytes per ovary and their 
developmental competence after maturation, fertilization and 
culture in vitro was documented in bovine (Carolan et al. 
1994). Recently, Bungarz et al. (1995) collected ultrasound 
aided follicular aspirated gonadotropin primed or normal 
oocytes at different stages of development. The relative 
efficiency of 3 different techniques on oocyte recovery from 
slaughtered buffalo ovaries was made (Jain, 1995). A number 
of investigations suggested that the type of oocyte investment 
and structlU'e might be the determinants ofiits ~bility to mature 
in vitro (Fukui and Sakuma 1980; Madison et al.1992, Del 
Campo et ai. 1995 Chauhart et at. 1997a, 1998'b). A culture 

media is an important factor that determines the maturation 
of oocytes in vitro (Lenz et aZ. 1983, Ocana et al. 1994). A 
wide variety of culture media formulations (Fukui et al. 1982) 
and supplements such as gonadotropins (Fukui et al.1982, 
Sidhu and Cheema 1995), proteins of different origins 
(Sanbuissho 1989, Sanbuissho and 11trelfaIl1990, Lim et ai. 
1994) and co-culture with cumulus cells (Crister et at. 1986) 
were implicated to influence developmental competence of 
bovine oocytes matured in vitro. A cornmon culture system 
for in vitl'O maturation and, in vitro fertilizatlOu and m vitro 
production of goat, sheep, and buffalo blastocyst embryos 
was prepared by supplementing TCM-199 medium with 10% 
foetal bovine serum (FBS) and 5 (~L/ml follicle stimulating 
hormone (FSH). The maturation rates ranged from 65 to 78%, 
with no significant difference among the species. TIle cleavage 
rates were maximum ill buffalos (59%), and minimum in goats 
(41 %). These oocytes were then cultured in TCM-199 
medium supplemented with 10% FBS and 5 (!-l/m1 insulin 
for 9 days, 34% of buffalo, 8.1 % goat, and 4.7% of sheep 
oocytes reached the blastocyst stage (Chauhan et al. 1997a). 
The protein and hormonal supplements of culture media 
enhance in vitro maturation and fertilization of domestic cat 
eggs. The serum supplementation actually provides hormones 
that increase fertilizability and developmental potential of 
bovine oocytes matured in vitro (Saeki et aZ. 1991, Chauhan 
et al.1998a). The estrus cow serum (ECS) or foetal calf serum 
(FCS) supplementation to the culture media significantly 
increase the percentage of oocyte maturation (Sanbuissho and 
Threlfall 1990). The effect of FCS supplement in culture 
media were reported on in vl'tro maturation (WiUis et al. 1991), 
fertilization (Fukui and Ono 1989) and development (Fukui 
1989, Fukui and Ono 1989). Experimental evidences suggest 
that superovulated buffalo serum is superior to buffalo oestrus 
serum, foetal bovine serum, and steer serum in supporting 
development of buffalo embryos to blastocyst stage (Chauhan 
et ai. 1998b). The tole of cumulus cells in oocyte maturation 
was studied and a positive correlation was observed in oocytes 
cultured with cumulus cells (Fulka and MotIic 1981, 
Kameyama and Yoshihil'O 1994). Temperature affects the rate 
of oocyte maturation in vitro and 32 to 39°C temperature is 
the most ambient for oocyte maturation (Le11z et a/. 1983). 
Modesit et al. (1994) reported that oocyte mature to a 
comparatively advanced meiotic stage at 38°C when 
compared with 20°C in vitro in pigs. 

Gonadotropins (FSH and LH) and estradiol additIOn to 
the culture media significantly enhance the rate of oocyte 
maturation in cattle (Fukui et ai. 1982, Fukushima and Fukui 
1985, Saeki et al. 1991). Although cumulus expansion does 
occur without FSH, but addition ofFSH enhances maturation 
rate many folds in goat. Totey et al. (1991) demonstrated the 
role of gonadotropin and estradiol in maturation of buffalo 
oocytes. Chauh\ln et ai. (1997b) have demonstrated that 
buffalo follicular fluid has the substance(s) which promote 
cumulus expansion and induce nuclear and cytoplasmic 
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maturation, and can be used as in vitro maturation supplement 
for the production of momlae and blastocysts. 

Oocyte maturation is not only resumption of meiosis, but 
also involves a number of changes in cellular activities and 
biochemistry such as transcription, translation a.nd 
post-translational processing of protein (Kastrop et al.1990a, 
b). Cytoplasmic maturation is inducted by the synthesis of 
several stage specific proteins (Totey et al.1993). Synthesis 
of different patterns of proteins reported in the oocy+es 
undergoing different stages of cytoplasmic mahlration in 
sheep pigs cattle (Hunter and Moor 1987), buffalo (Totey et 
01.1993) and goat (Pawshe et al.1994a). 

Future perspective 
The critical analysis afbiology of ovarian follicles in goat, 

besides enhancing the depth of the reproductive physiology 
has posed a number of questions which are still to be tackled 
at research level. To enhance polyembryony, the success rate 
of endocrinological manipUlations need to established for each 
specific breed. Biochemistry of the proteins (nutritional and 
regulatory) synthesized by the oocyte and the granulosa cells 
need to be analysed in a stage specific maImer throughout 
the folliculogenesis. Granulosa-oocyte interactions both 
anatomical and biochemical are required to be explored 
further to establish clearly the role of matemal proteins of 
granulosa cell origin in early gene expression and initiation 
of development. Immunological studies using lectins need to 
be conducted to analyse the membrane bound and free 
macromolecular glyco-conjugate assembly dynamics. This 
approach shall be of extreme value in working out the factors 
inducting the follicular selection. Extensive in vitro studies 
are required to establish autocrine, paracrine factors and their 
chemistry, and functions in relation to ovarian biology. 
Immuno-cytochemical studies involving the localizatiOll of 
specific regulatory peptides and specific nutritional 
requirements of the oocyte will be highly rewarding 
endeavour. Molecular clock of ooplasmic maturation 
involving in its biochemistry is yet another unexplored area. 
Oocyte maturation and fertilization success largely depends 
upon all these factors and an exhaustive research in the areas 
mentioned shaH be directly affecting the goat production and 
thus economy. 

ACKNOWLEDGEMENTS 

Authors thank University Grants Commission, New Delhi, 
for sponsoring major Research Project No.F.3-7/94-SR II. 
This article is dedicated to Late Mrs S Chaudhury, who 
expired while working in this Project. 

REFERENCES 

Adams ED and Hertig AT. 1964. Studies on gUinea pig oocyte. I. 
Electron microscopIC observations on the development of 
~ytopJasl1ljc organelles in oocyte of primordial and primordial 

follicles. Journal of Cell Biology 21: 397-427. 
Amsterdam A and Linder H F. 1979. Ovarian Fofltculal' 

Development and Function. pp.137-38. (Eds) Midglay Jr A R 
and Sadler W A. Raven Press, New York. 

Anderson E. 1979. Follicular Morphology. Ovarian Follicular 
Development and Function. pp.91-105. (Eds) Midgley Jr A R 
and Sadler W A. Raven Press, New York. 

Anderson E, Wilkinson R F, Lee G and Meller S. 1978. A correlative 
microscopical analysis of differentiating ovarian follicles of 
mammals. Journal of Morphology 156: 336-39. 

Antonine N, Thiry M and Goessens G. 1989. Ultrastructural and 
cytochemical studies on extranucleolar bodies in rat oocytes at 
the preovulatory follicle stage. Cell Biology 65: (i 1-66. 

Axelsson I and Heinegard D.1980. Characterization of chondroitin 
sulphate rich proteoglycans from bovine corneal stroma. 
Experiments in Eye Research 31: 57-66. 

Ax R L, Bushmeyer S M, Boehin S K and Bellin M E. 1984. Binding 
of g\ucm;am\\1(',g\~cans tri.ti.I~.m-1ahcUcd b.c?<v:\>;\ tQ b(','1\1\~ 
granulosa cells varies with size and the estrogen content cifthc 
ovarian follicles. Endocrinology Research 10: 6.1-72. 

Bachvorova R. 1985. Gene expression during oogenesis and oocyte 
development in mammals.Developl/l(·ntal Biology-A 
Comprehensive Synthesis. Vol. I, pp.453-24. (Ed.) Browder L 
W. Plenum Press, New York. 

Bagavandors P, Midgley A Rand Wicha M. 1983. Developmental 
changes in the ovarian follicular basal lumina detected by immllnO 
f1uorenscence and electron microscopy. Journal oj 
Histochemisl1y and Cytochemistry 31: 633-40. 

Baruah R N, Dutta J C, Dutta L, Goswumi J and Taiukdcr S C. 
1987. Serum progesterone level during oestrous cycle in goat. 
Indzan Journal of Animal Reproductioll 8: 127-28. 

Bjersing L 1978. Maturation, morphology and functions of follicular 
wall in mammals. The VeJ·tebl'ate Ova!y. pp.181-14. (Ed.) Jones 
R E. Plenum Press, New York. 

Brackett B O. 1992. 111 vitro fertiliz,ltion in farm animals. 
Proceedings of International L~)'/JlpOSillm on Embryonic 
Technology in Domestic .species. Chapter 6, )1p.59-76. (Eels) 
Lauria A and Gonadolil F. Chapel Hill NC Porlland Press. 

Brinster R L.1966.Glucose-6-phosphatc-dehydrogenase activity In 

the preimplantation mouse embryo. Biochemist!)1 JrJUrIlall01: 
161-63. 

Buccione R, Schl'eoeder A C and Eppig J. I 990. Interactions between 
the somatic cells and germ cells throughout mammalian 
oogenesis. Biology of Reproduction 43: 543-47. 

Bungartz L, Lucas-Hahn L, Ruth D and Niemllnn 11.1995.Collectlon 
of oocytes from cattle via follicular aspiration aided by ullrusoul1d 
with or without gonadotrophin pretreatment and in different 
reproductive stages. 77!el'iogellology 43: 007-75. 

Carolan C, Monaghan P, Gallagher M nnd Gordon r. I <)94. Effect 
of recovery method on yield of bovine oocytes per ovary and 
their developmental competence after maturation fcrtili7Ution and 
culture in vitro. Thcriogclt%gy 41: J 061-68. 

Chakrav:uty A, Mahesh V B and Mills T M.1993. Control of peptide 
regulating mitosis of granulosa cells ill immature rat ovary by 
oestrogen and gonadotrophin. Journal ()f Reproduction and 
Fertility 97: 41-100. 

Chang S C S, Jones J D, Ellefson R D and Ryan R J.1976. '1'hc 
porcine ovarian follicle. I. Selected chemical analysis offollicular 
fluid at different developmental stages. Biologyq(Reproduction 
15: 321. 



April 2000] BIOLOGY OF OVARIAN FOLLICLES IN GOAT 381 

Chauhan M S and Anand S R.1991.In vitro maturation and 
fertlliz.ation of goat oocytes. Indian Journal oj Experimental 
Biology 29: 959-66. 

Chauhan M S, Katiyar P K and Madan M L. 1997a. In vitro 
production of bias to cysts in goats, sheep and buffaloes. Indian 
Journal oj Animal Sciences 67: 394-96. 

Chauhan M S, Palla P, Das S K, Katiyar P K and Madan M L. 
1997b. Placement of serum and hormone additives with follicular 
fluid in the IVM medium: effects on maturation, fertilization 
and subsequent development of buffalo oocytes in vitro 
Theriogenology 48: 461-69. 

Chauhan M S, Palta P, Das S K and Tomer 0 S. 1998a. Effect of 
culture conditions on the hatching ability of in vitro produced 
buffalo (Bubalus bubalis) embryos. Vetermary Records 142: 169-
71. 

Chauhan M S, Singla S K, Palta P, Manik R S and Madan M L. 
1998b. In vitro maturation and fertilization, and subsequent 
development of buffalo (Bubalus bubalis) embryos: effects of 
oocyte quality and type of serum. Reproduction Fertility and 
Development 10: 173-77. 

Chauhan M S, Nadir S, Bailey T L, Pryor A W, Butler S P, Notter D 
R, Velander W H and Gwazdauskas F C. 1999. Bovine follicular 
dynamics, oocyte recovery, and development of oocytes 
microinjectlld with a green fluorescent protein construct. Journal 
of Dairy Science 82: 918-26. 

Crisman R 0, McDonald L F and Thompson F N. 1980. Effect of 
progesterone on estradiol on uterine tubal transport of ova in 
cow. Theriogenology 13: 141. 

Crister E S, Leibfried-Rutledge M L, Eyestone W H, Northey D L 
and First N L. 1986. Acquisition of development, competence 
during maturation ill vitro. Theriogenology 25: 151. 

Crozet N, Ahmed-Ali M and Dubos M P. 1995. Development 
competence of goat oocytes from follicles of different size 
categories following maturation and culture in vitro. Journal of 
Reproduction alld Fertility 103: 293-98. 

Crozet N, Motalik J and Szollosi D. 1981. Nucleolar fine structure 
and RNA synthesis in porcine oocytes during the early stages of 
antrum fonnation. Biology Cell 41 : 35-42. 

David A, Frenkel G and Kraicer P F. 1973. Chemical composition 
of rabbit follicular fluid. Fertility and Sterility 24: 227. 

Del Campo M R, Donoso M X, Parrish J J and Ginther 0 J, 1995. 
Selection of follicles, procedure oocyte evaluation and duration 
of culture for in vitro maturation of cq uine oocytes. 
Theriogellology 43: 1141-53. 

DriancoUli M A. 1991. Follicular dynamics in sheep and cattlc. 
Theriogenology 35: 55-82. 

Driancourt M A, Gougeon A, Royere D and Thibault C. 1993. 
Ovarian functions. Reproductioll ill Mammals and Man. pp. 
281-305. (Eds) Thibault C, Levasseur M C. RI-IF Hunter, Ellipses, 
Paris. 

Dvorak M and Tesarik. J 1980. Ultrastructure of human ovarian 
follicles.Biologyofthe Ovary. pp. 121-37. (Eds) MottaP M and 
Hafez ESE. Nijhoff, The Hague. 

Edwards R G. 1965. Maturation in vitro of mouse, sheep, cow, pig 
rhesLis monkey and human ovarian oocytes. Nature 208: 349-51. 

Eppig J 1. 1985. Oocyte-somatic cell interactions during oocyte 
growth and maturation. Developmental Biology-A 
Comprehensive Synthesis.Vo1.I. Oogenesis Biology. pp.313-50. 
(Ed.) Browder L W. Plenum Press, Ncw York. 

Espey L Land Lipner I-I. 1994. Ovulation. The Physiology of 

Reproduction. VoU, 2nd edn, pp.725-80. (Eds) Knobi! E and 
Neil J D. Raven Press, New York. 

Evans G and Armstrong D T. 1984. Reduction of the sperm transport 
in ewes by superOVUlation treatments. Journal of Rep roducti all 
and Fertility 70: 47. 

FAO. 1989. Production Yearbook. Rome, 43: 249-73. 
Farmer S Wand Papkoff H. 1979. lmmunochemical studies with 

pregnant mare serum gonadotrophin. Biology oj Reproduction 
21: 425. 

Findlay J K. 1993. An update on the roles of inhibin, activin and 
follislatin as local regulators of folliculogenesis. Biology oj 
Reproduction 48: 15-23. 

Findlay J K and Carson R S. 1980. Advances ill PhYSIOlogical 
Science. Vol. 15 . Reproduction and Development. pp.79-89. (Eds) 
Flerko B, Setalo G and Tima I. Pergamon Press, Budapest. 

Fleming WN and Saake R G. 1972. Fine structure of bovine oocyte 
from mature Graafian follicle. Journal of Reproduction and 
Fertility 29: 203-13. 

Fukui Y. 1989. Effect of sera and steroid hormones on development 
of bovine oocytes matured and fertilized in vitro and co-cultured 
with bovine ovid~ct epithelial cells. Journal of Animal Science 
67: 1318-23. 

Fukui Y, Fukushima M, Terawaski Y and Ono H. 1982. Effect of 
gonadotrophins, steroid and culture media on boVine oocyte 
maturation in vitro. Theriogen%'gy 18: 161-75. 

Fukui Y and Ono H. 1989. Effect of sera, honnones and granulosa 
cells added to culture medium for in vitro maturation, fertilization, 
cleavage and development of bovine oocytes. Journal oj 
Reproduction and Fertility 86: 501-6. 

Fukui Y and Sakuma. 1980. Maturation of bovine oocytes cultured 
ill vitro. Relation to ovarian activity fo)licular size and the 
presence or absence of cumulus cells. Biology of Reproduction 
22: 669·73. 

Fukushima M and Fukui Y. 1985, Effect of gonadotrophins and 
steroids on the subsequent fertilizability of extra follicular bovine 
oocytes in vitro. Allimal Reproduction Science 39: 23-33. 

Fulka J, Jr Motilik J, Fulka J and Jilek F. 1986. Effect of 
cyclohex imide on Iluclear maturation of pig and mouse oocyte. 
Journal of Reproduction and Fertility 77: 281-85. 

Ginther 0 J. 1990. Folliculogenesis during the transitional period 
and early ovulatory season in mares. Journal of Reproduction 
and Fertility 90: 311-20. 

Ginther 0 J and Kot K. 1994. Follicular dynamics during the 
ovulatory season in goats. Theriogenology 42: 987-100 I. 

Gordon I and Lu K H. 1990. Production of embryos in vitro and its 
impact on livestock production. Theriogenology 33: 77-87. 

Gore-Longton RE and Armstrong DT 1994. Follicular 
. steroidogenesis and its control. The Physiology of Reproductfol,. 
Vol. I, 2nd edn, pp. 571-628. CEds) Knobi! E and Neil J D. Raven 
Press, New York. 

Greenwald B S and Roy S K. 1994. Follicular development and its 
control. The Physiology of Reproduction. YoU, 2nd cdn, pp.629-
724. (Eds) Knobil E and Ncil J D.Raven Press, New York. 

Greenwald B Sand Terrallova P F. 1988. Follicular Selectioll and 
Its COlltrol. 

Gretty R. 1975. Sisson and Grossman's Anatomy of Domestic 
Animals.5th edn. WB Saunders Philadelphia 

Guraya S S. 1968. A cytochemical study of the cell components in 
the developing oocyte of the cattle ovary. Acta VeterillClria 
Academic SCience, HUllgwy 18: 23-29. 



382 SHARMA ET AL. [Vol. 70, No.4 

Guraya S S. 197%. Morphological and histochemical observations 
on buffalo ovaries during anoestrous. Indian Journal of Animal 
Sciences 49(6): 423-32. 

Guraya S S. 1979b. Recent advances in the morphology 
cytochemistry and function ofBalb~anj' s viteIlin~ body in animal 
oocytes. International Review of Cytology 51: 49-131. 

Guraya S S, 1982. Some morphologi cal and histochemical 
observations on the previteliogenic follicles of ovary in the 
spiny-tailed lizard, Uromastrix hardwickii Gray, during 
hibernation. Advances in Biosciellces 1: 68-72. 

Guraya S S. 1985. Biology of Ovariall Follicles in Mammals. 
Springer Berling Heidelberg, New York, Tokyo. 

Guraya S S. 1989. Ovarian Follicles ill Reptiles and Birds. Vo!.24. 
Springer-Verlag Zoophysiology. 

Guraya S S. 1997. Biology of Oval'lan Follicles in Buffaloes and 
Cattle. Indian Council of Agriculture, New Delhi. 

Guraya S S. 1998. Cellular and Molecular Biology of Gonadal 
Development and Maturation in Mammals: Fundamentals and 
Biomedical Implications. Narosa Publishing House, Ncw Delhi. 

Guraya S S, Kaur P and Sharma R K. 1991. Histochemical and 
biochemical studies on acetyl choline estrase activity in the rat 
ovary. European Journal of Morphology 29: 161-72. 

Guraya S S, Monga S, Sangha G K and Sharma R K. 1998. 
Comparative study of polyovular follicles in goat and sheep 
ovary. Indian Journal of Animal Research 19: 68-69. 

Hamano Sand Kuwayama M. 1993. In vitro fcrtilization and 
development of bovine oocytes recovered from the ovaries of 
individual donors. A comparison between the cutting and 
aspiration method. Theriogenology 39: 703-13. 

Ham A Wand Cormack D H. 1979. Histology. 8th edn. Lippincott J 
B. Co., Philadelphia. 

Hay Mv F and Cran D G. 1978. Differential response ofcomponents 
of sheep Graafian follicles to atresia. Allllual Biology of Animal 
Biochemistry and Biophysics 18(2B): 453-60. 

Hay M F and Moor R M. 1978. Changes in the Graafian follicle 
population during the follicle phase of the cycle. Control of 
Ovulation. pp.177-96. (Eds) Crighton D B, Foxcroft G R, Hayes 
N B and Lamming G E. Butterworth London. 

Henderson K M, Weaver A, Wards R L, Ball K, Lun S, MulIin C 
and McNatty K P. 1990. Oocyte production and ovarian steroid 
concentration of immature rats in response to some commercial 
gonadotrophin preparations. Reproduction Fertility and 
Development 6: 671. . 

Hertig A T. 1968. The primary human oocyte: Some observations 
on the fine structure of Balbi ani's vitelline body and the origin 
of the annulate lamellae. American Joul'llal 0/ Anatomy 122: 
107-38 

Hertig A T and Adams E. 1967. Studies on human oocyte and its 
follicle ultrastructure and its cytochemical observation on thc 
pre-ovulatory follicle. Journal a/Cell Biology 34: 647-75. 

Hertig A T and Barton B R. 1973. Fine structure of mammalian 
oacytes and ova. Section 7: EndocTinology, Vol. 2. Female 
Reproductive System.Handbook of PhYSIOlogy. pp.317-48. 
Williams and Wilkins Baltimore. 

Hillier S G. 1985. Sex steroid metabolism and follicular development 
in the ovary. Oxford Reviews of Reproductive Biology 7: 168,222. 

HIrshfield A N. 1989a. Growth Factors alld the Ovary. Plcnum Press, 
New York. 

Hirshfield A N. 1989b. Rescue of atretIc follicles ill vivo and ill 
vitro. Biology of Reproduction 40: 181-90. 

Hirshfield A N. 1991. Development of follicles in the mammalian 
ovary. Illtemational Review of Cytology 124: 43-101. 

Hunter A G and Moor R M. 1987. Stage-dependent effects of 
inhibiting ribonucleic acids and protein synthesis on meiotIc 
maturation of bovine oocyte in vitro. Journal of Dairy Science 
70: 1648-52. 

Inskeep E K, Braden T D, Lewis P E, Garcia-Winder M and 
Niswender G D. 1988. Receptors for luteinizing hormone and 
follicle stimulating hormone in the largest follicle ofpost-partuln 
beef cows. Biology of Reproduction 38: 587-91. 

Ireland J J and Roche J F. 1987. Hypotheses regarding development 
of dominant follicles during a bovine estrous cycle. Follicular 
Growth and Ovulation Rate in Farm Allimals.pp.I-18. (Eds) 
Roche J F and Callaghan O. Martinus Nijhoff Publishers 
Dordrecht. 

Irritani A. 1988. Current status of biotechnological studies in 
manunalian reproduction. Fertility and Sterility 50: 543-51. 

Jain G C, Das G K, Solanki V Sand Tripathi V H P. 1995. 
Comparative cfficiency of three diffcrent collection techniques 
for oocyte retrieval in buffalo. Theriogello!ogy 43: 240 (Abstr.). 

Kastrop P M M, Bevers M M, Destree 0 H J and Kl'uip TAM. 
1990a. Changes in protein synthesis and phosphorylation patterns 
during bovinc oocyte maturation in vitro. Journal of 
Reproduction and Fertility 90: 305- I O. 

Kastrop P M M, Bevers M M, Destree 0 H J and Krulp TAM. 
1990b. Analysis of protein synthesis in morphologically 
described bovine follicular oocytes before and after maturation 
in vitro. Molecular Reproduction and Development 26: 222-26. 

Katska L. 1984. Comparison of two methods for recovery of ovarian 
oocytes from slaughtered cattle. Allimal Reproduction Science 
7: 461-63. 

Kaur P and Guraya S S. 1983. Follicular growth and kinetics during 
the estrus cycle, pregnancy and post-partum in the Indian mole 
rat (Bandicota bengalellsi.\~. Alllerieall Jo II I'll a I ofAllatomy 166: 
469-82. 

Kaur P and Guraya S S. 1986. QualItative and quantiMive studies 
offollicular abresia during the oestrous cycle and pregnancy in 
the Indian mole rat (Bandieota bengalellsis). Allatomi('(J/ Records. 

Keskintepc L, Darwish G M, Paramio M T and Brackett B G. 1993. 
Caprine oocytc fertilization und development ill vitro. Biology 
of Reproduction 48(Supplel11cnt): 451.131 (Abstr.). 

Kiknadze I I, Zybcna T G, Zybina E V and Zhck70r;1 A J. 1980. 
Characteristics of nuclear structllre and karyospherc formation 
in the oogcnesis of the mink. 1:\'llolof;iya 22: 127-33. 

Knudsen J F, Litkawski L J, Uhtson T L, Guthrie H D und Butta S 
K. 1979. Follicular fluid electrolytes and osmolarity in cyclic 
pigs . .!oul'llal of Reproductiol/ alld Fertility 57: 419. 

Kumar J, Osbo1'l1 J C, Camcron AWN unci Trounson A O. 1992. 
Follicular stcriodogcnesis ancl oocyte maturation after 
superovulation of goats (Capra hirclIs) with gonadotrophins. 
JOIlI'Iwl of Reprodllctiol/ and Fcrtility 95: 371. 

Label BLand Levy E. 1968. Enzym[ltic correlatcs of development, 
secretory functions and regrcssion of follicles and corpora lutea 
in the bovine ovary. Acta Em/ocrillologica (Copenhagen) 
59(Supplcmcnt 132): 1-63. 

Larsen W J, Tung H N und Poling C. 1981. Response of granulosa 
cell gap junctional complexes to human chorionic gonadotr.opin 
(hCG) at ovulation. Biology of Reproduction 25: 517. 

Larsen W J, Wert S E and Brunner G D. 1987. Differential 
modulation offollicle cell gapjunction populations at ovulation! 



April 2000] BIOLOGY OF OVARIAN FOLLICLES IN GOAT 383 

Developmental Biology 112; 61. 
Leibfried L and First N L. 1979. Characterization of bovine follicular 

oocytes and theIr ability to mature in vitro. Journal of Animal 
Science 48: 76-86. 

LeIbfried-Rutledge M L, Critser E S, Eyestone W H, Northey D L 
and First H L. 1987. Developmental potential of bovine oocytes 
matured in vitro or in vivo. Biology of Reproduction 36: 376-83. 

Leibfried-Rutledge M L, Florman H M and First N L. 1989. The 
molecular biology of mammalian oocyte maturation. Molecular 
Biology of Fertilization. pp.259-301. (Eds) Schatten Hand 
Schatten G. Academic Press, New York. 

Lenz R W, Ball G D, Letbfried M L, Ax R L and First N L. 1983. In 
vitro maturation and fertilization of bovine oocytes are 
temperature dependent processes. Biology of Reproduction 29: 
173-79. 

Lim J M, Okitsu D, Okuda K and Niwak K. 1994. Effects of fetal 
calf serum in culture medium on development of bovine oocytes 
matured and fertilized in vitro. Theriogenology 41: 1091-98. 

Lorenzo P, Illera M J, Illera J C and 11lera M. 1994. In vitro 
fertilization of in vitro matured oocytes obtained from slaughtered 
cattle. Illvestigacion Agraria Production Sanidad Animales 9: 
27-35. 

Madan M L, Chauhan M S, Singla S K and Manik R S. 1994. 
Pregnancies established from water buffalo (Bubalus bubalts) 
blastocysts ~erived from in vitro matured and in vitro fertilized 
oocytes and co-cultured with cumUlus and oviduct cells. 
Therlogenology 42: 591-600. 

Madison V, Avery B and Greve T. 1992. Selection of immature 
bovine oocytes for developmental potential in vitro. Animal 
Reproduction Science 27: 1-11. 

Mangia F and Epstein C 1. 1975. Biochemical studies of growing 
mouse oocytes: Preparations of oocytes and analysis ofglucose-
6-phosphate dehydrogenase activities. Developmental Biology 
45: 211-20. 

McGaughey R W, Racowsky C, Rider V, Baldwin K, DeMarais A 
A and Webster S D. 1990. Ultrastructure correlates of meiotic 
maturation in mammalian oocytes. Journal of Electron 
Microscopy Technique 16: 257. 

McIntosh J E, Moor R M and Allen W R. 1975. Pregnant mare 
serum gonadotrophin: Rate of clearance from the circulation of 
sheep. Journal of Reproduction alld Fertility 44: 95. 

Merk F B, Albright J T and Botticelli C R. 1973. The fine structure 
of granulosa cell nexus in rat ovarian follicles. Anatomical 
Records 175: 107. 

Mestwerdt W, MUlier D and Brandau H. 1977. Die differentiate 
Stuktur und Funktion del' granulosa und theca in verschedenen 
Follikelastadien menchlicher ovarien.2. Mitteilung: dcr reifende, 
reife springede und frisch geplatzte Fol1ikel (The differential 
structure and functions of granulosa and theka in different follicle 
stages of human ovaries. 2. The reopening, ripe restructuring 
and freshly ruptured follicle). A chives oJGynaekology 222: lIS. 

Mgongo F 0 K, Gombe Sand Ogga J S. 1984a. Progesterone 
oestrogen, LH and corticosteroids in the plasma during oestrous 
cycle of goat. Indian Journal of Allimal Reproductio/l 4: 1-5. 

Mgongo F 0 K, Gombe Sand Ogga 1 S. 1984b. The effect of 
restricted cobalt intake on plasma profiles of oestrogens, 
progesterone, LH and cOlticosteroids in goats. Indian Joumal of 
Animal Reproduction 5: 16-22. 

Modesit P T, Nordeen-Tadlock K L, Prien S D, Pipkin J E and 
Clark J R. 1994. Effect of transport temperature and length of 

culture on in vitro maturation of porcine oocyte. Journal of 
Animal Sciences 72 (Supplement): 664 (Abstr.). 

Moor R M and Gandolfi F. 1987. Molecular and cellular changes III 
associated with maturation and early development of sheep eggs. 
Journal of Reproduction and Fertility 34(Supplement): 55-69. 

Moor R M, Polge C and Willadsen S M. 1980. Effect of follicular 
steroids on maturation and fertilization of mammalian oocytes. 
Journal of Embryology and Experimental Morphology 56; 
319-34. 

Moor R M and Smith M W. 1979. Amino acid transport In 
mammalian oocytes. Experimental Cell Research 119: 333-41. 

Monga S 1990. 'Comparative morphologJCal and histochemical 
studies on the ovarian follicles of sheep and goat.' M.Sc. (Hons.) 
Dissertation, Punjab Agricultural University, Ludhlana. 

Motta PM and VanBlerkome J. 1980. Scanning electron microscopy 
of·mammalian ovary. Biology afthe Ovary. pp.162-75. (Eds) 
Motta PM and Hafez ESE. Martinus Nijhoff Pubhcation. The 
Hague/Boston London. 

Narimoto K, Okamura H, Morl T, Fujimoto K and Ogawa K. 1986. 
Enzyme cytochemical and morphometric analysis of gap 
junctions in rabbit ovarian granulosa cells during folhcJe 
maturation. Cytochemistry 18: 565-80. 

Norrevang A. 1968. Electron micl'oscopic morphology of oogenesis. 
International Review ofCyalology 23: 114-86. 

Ocana Queo J M, Moreno MHan M, Valera Cardoba M and Redero 
Franganlllo A. 1994. Tue influence of different types of media 
supplement on the meiotic rnat(lration of bovine oodytes In vitro. 

-Fheriogenology 41: 405-11. 
Pathak M M, Patel A V, laiswal R S, Mehta V M and Janakiraman 

K 1992. Circulating hormone levels in cyclic goats. Recent 
Advances in Goat Reproduction. Vth International Conference 
on Goats held in New Delhi, 2-8 March 1992. 

Pawshe C H, Appa Rao K B C, Jain S K and Totey S M. I 994a. 
Biochemical studies on goat oocytes: Timing of nuclear 
progression, effect of protein inhibitor and pattern of polypeptide 
synthesis during in vitro maturation. TheriogeJ!ology42: 307-20. 

Pawshe C H, Totey S M and Jain S K. 1994b. A comparison of 
three methods of recovery of goat oocytes for in vitro maturation 
and fertilization. Theriogenology 42: 117-25. 

Phillips DM and Dekel N. 1991. Maturation of rat culumul-oocyte 
complex: Structure and function. Molecular Reproduction and 
Development 28: 297. 

Pierson R A and Ginther 0 J. 1987a. Follicular dynamics during 
estrous cycle of the mare. Animal Reproduction Science 14: 
219-231. 

Pierson R A and Ginther 0 1. 1987b. Follicular populations during 
the estrous cycle in heifers. 1. Influence of day. Animal 
Reproduction Science 14: 165-75. 

Pierson R A and Ginther 0 J. 1988. Ultrasonic imaging ofthe ovaries 
and uterus in cattle. Theriogenolagy 29: 21·37. 

Pineda M H. 1989. Reproductive patterns of sheep and goat. 
Veterinary Endocrinology and Reproduction. (Ed.) McDonald 
L E. KM Varghese Bombay 

Polotie A, Peltonen L, Foidart 1M and Rajaniemi H. 1984. Immuno 
histochemical localization of basement membrane components 
and interstitial collagen types in preovulatory rat ovarian follicles. 
Collagen Related Research 4: 279-88. 

Priedkalns J and Weber A F. 1968a. Quantitative ultrastructural 
analysis of the follicular and luteal cells of the bovine ovary. Z. 
Zellferch 91: 574-85. 



384 SHARMA ET AL. [Vol. 70, No.4 

l'riedkalns J and Weber A F. 1968b. Ultrastructural studies of bovine 
Graafian follicle and corpus luteum. Z. Zellfersch 91: 554-73. 

Rabahi F, MOllniaux D, PisseJet C and Durand P. 1993. Control of 
in vitrQ maturation of bovine cumulus-oocyte complex by 
preovulatory granulosa cells. Molecular Reproduction and 
Development 34: 431"42. 

Racowsky C, Baldwin K V, Larabel1 C A, DeMarais A and Kazilak 
C J. 1989. Down regulation of membrana granulosa cell gap 
jun'ctions in correlated with irreversible concomitant to 
resumption of meiosis in Syrian hamster oocyte. Journal of 
European Cell Biology 49: 244. 

Rao I M, Mills T M, Anderson E and Mahesh V B. 1991. 
Heterogeneity in granulosa cells of developing rat follicles. 
Anatomical Records 229: 177-85. 

RavindraJ P, Rawlings N C, Evans A C 0 and Adams G P. 1993. 
Ultrasonographic study of ovarian follicular dynamics in the ewe. 
Journal of Reproduction and Fertility 11: 145 (Abstr.). 

RIchards J S. 1980. Maturation of ovarian follicles: Action and 
interaction of pituitory and ovarian hormones on follicular cell 
differentiation. PIJYsiological Reviews 60: 5 J. 

Roberts S J. 1971. Veterinary Obstetrics and Genital Diseases. 2nd 
edn. Ithaca, New York. 

Robinson T J. 1973. Factors involved in the failure of sperm transport 
and survival in the female reproductive tract. Journal of 
Reproduction and Fertility 18(Supplement): 103. 

Saekl K, Hoshi M, Leibfried R and First N L. 1991. In vitro 
fertilization and development of bovine oocytes matured in serum 
free medium. Theriogenology 44: 256·60. 

Sanbuissho A. I 989.Influence of serum and gonadotrophins on in 
vitro bovine oocyte maturation and fertilization. Dissertation 
Abstracts 49(8): 3046. 

Sanbuissho A and Threlfall W R. 1990. The influence of serum and 
gonadotrophins on in vitro maturation and fertilization of bovine 
oocytes. Theriogenology 34: 341-48. 

Sangha G K and Guraya S S. 1989. Histochemical changes in acid 
and alkaline phosphatase in the growing follicles and corpora 
lutea of the rat ovary. Acta Morphologica Neerlando Scandvica 
26: 43-49. 

Savio J D, Keenan L, Boland M P and Roche J F. 1988. Pattern of 
growth of dominant follicles during the oestrous cycle in heifers. 
Journal of Reproduction and Fertility 83: 663-71. 

Sawhney A K. 1992. 'Electron microscopic studies on the ovarian 
follicles of goat (Capra "ircus).' M. Phil Dissertation, 
Kurukshetra University, Kurukshetra. 

SCb~111lS 0, Menzer C H, Schallemberger F, Hoffman B, Hahn J and 
Hahn R. 1978. Studies on pregnant mare serum gonadotrophin 
(PMSG) and endocrine response after application for super
ovulation in cattle. COlltrol of Reproduction ill the Cow. pp. 122. 
(Ed.) Srcenan J M. Martinus Nijhoff. TheHague. 

Schramm R 0 and Bavister B D. 1995. Effect of granulosa cells and 
gonadotrophins on mciotic and developmental competence of 
oocyles ill vitro In non-stimulated rhesus monkeys. Human 
Reproduction 10: 887-95. 

Schrick F N, Surfacc R A, PritcJlard J Y, Dailey R A, Townsend E 
C and Inskeep E K. 1993. Ovarian structures during estrous cycle 
and early pregnancy in ewes. Biology of Reproduction 49: 
1133-40. 

Schuctz A Wand AnsowiczA, 1974. Cation and protein composition 
of ovarian follicular fluid of tile pig in relation to follicle size. 
Biola,g), of Reproduction 11: 64. 

Senger P Land Saake R O. 1970. Unique mitochondria in the bovine 
oocyte. Journal of Cell Biology 46: 405-8. 

SharmaA. 1987. Studies on tissue culture of goat ovarian cell types: 
Steroidogenesis. Zoologica Orienta lis 4: 23-26. 

Sharma R K. 1987. 'Histochemical and lectin staming studies of 
carbohydrates in the rat ovary.' Ph.D. Thesis, Punjab Agricultural 
University, Ludhiana. 

Sharma R K and Chowdhury S. 1998a. Ultrastructure changes in 
the oocytes of caprine antral follicles. Indian Journal of Animal 
Sciences 68: 332-36. 

Sharma R K and Chowdhury S. 1998b. DNA, RNA and protein 
changes in antral follicles of goat. Illtemational Journal of Animal 
Sciences (In Press). 

Sharma R K and Grewal S. 1996. DNA, RNA and protein changes 
in ovarian follicles ofthe house gecko, Hemidactylusf!aviviridis 
Journal of Herpetology 30: 76-78. 

Sharma R K and Guraya S S. 1990. Granulosa heterogeneity: A 
histochemical, lectin staining and scanning electron microscopic 
study on Rattus rattus ovary. Acta Embryologica Morphalogica 
Experimelltafis 11(2): 107-21. 

Sharma R K and Guraya S S. 1998. Distribution, histochemistry 
and biochemistry of oocyte during folliculogenesis-A review. 
Agricultural Reviews 19: 73-85. 

Sharma R K, Khajuria M and Guraya S S. 1992. Morphology of 
normal and atretic follicles of goat ovary during anoestrus. 
International Journal of Animal Sciences 7: 81-84, 

Sharma RK and Sharma M 1997. Physiological perspectives of 
copper: A review. Indian Journal of Experimental Biology 35: 
696-713. 

Sharma R K and Sawhney A K. 1999. Morphology of membrane 
granulosa in caprine ovary. Illdian Journal of Allimal Sciences 
69: 109-13. 

Sharma R K, Sawhney A K and Vats R. 1994. Cytoplasmic fine 
structure of the primordial ooeytes of goat. Indiall Journal of 
Allimal Sciences 64(12); 1354-56. 

Sharma R K, Sawhney A K and Vats R. 19958. Morphology of 
basal lamina in antral follicles of goat. /luliall./olll'llal of Animal 
Research 29: 101-4. 

Sharma R K, Sawhney A K and Vats R. 1996. Ultrastructure of 
thecal components in caprine ovary. Small RUlllillant Research 
22: 249-53. 

SharmaR K, Vats R and Sawhney A. 1995b. Changes In electrolytes 
of antral follicles in goat.!ndiaIlJolirnal of Allilllal Reproduction 
16:18-21. 

SharmaR Kand Vats R. 1998. Biochemical changes in lrace elcments 
in antral follicles of goat. Indian Journal of Allimu! Sciences 68: 
330-31, 

Sidhu K Sand Cheema S. 1995. Effect of luteinizing hormone and 
estradiol on ill vitro maturation of follicular oocytes in goat 
(Capra lIircus). Acta Veterillaria, lJlIl1garica 43: 89·93. 

Singh G K and Prakash P. 1988. Histomorphological and 
histochemical studies on the ovary of goat. Jlldian VeterilJary 
Journal 65: 705·9. 

Sirois J and Fortune J E. 1988. Ovarian follicular dynamics during 
the estrous cycle in heifers monitored by real-time 
ultrasonography. Biology of Reproductioll 39: 308-17. 

Sutovsky P, Flechon J E, Flechon B, Motlik J, Peynot N, Chesne P 
and Heyman y, 1993. Dynamic changes of gap junctions and 
cytoskeleton during in vitro culture of cattle oocyte cumulus, 
complex. Biology of Reproduction 49: 1277-87. 



April 2000] BIOLOGY OF OVARIAN FOLLICLES IN GOAT 385 

Szollosi D, Gerard Y, Menezo Yand ThaibaultC. 1978. Penneability 
of ovarian. follicle: Corona cell-oocyte relationship in mammals. 
Annals of Biology Animal Biochemistry and Biophysics 18: 
511-21. 

Tesoriero J V. 1981. Cytochemistry of developing ovarian follicles 
of the dog. Anatomical Records 199: 254A. 

Thiabault C and Gerard M.1973. Cytoplasmic and nuclear maturation 
of rabbit oocytes in vitro. Allnals of Biology, Allimal Biochemistry 
alld Biophysics 13: 143-56. 

Thiabault C, Szol1osi D and Gerard M.1987. Mammalian oocyte 
maturation. Reproduction Nutrition and Development 27: 865-96. 

Totey S M, Appa Rao K B C, Pawshe CHand Khare N. 1993. 
Nuclear progression and changes in protein synthesis during 
maturation of buffalo (Bubailis bllbalis) oocytes in vitro. Buffalo 
Journal 3: 237-45. 

Totey S M, Singh 0, Tancja M and Talwar G P. 1991. 111 vitro 
maturation and fertilization of follicular oocytes from buffalo. 
Thel'ioge1l010gy 35: 284 (Abstr.). 

Trounson A 0 and Moore N W. 1974. Fertilization in ewe following 
multiple ovulation and uterine insemination. Australian Journal 
of Biological Science 27: 301. 

Tsafriri A and Adashi E Y.1994. Local nonsteroidal regulators of 
ovanan function. The Physiology of Reproduction. Vol. I, 2nd 
edn, pp. 817-60. (Eds) KnobB E and Neil J D.Raven Press, Ncw 
York. 

Van-Blerkom J. 1985. Protein synthesis during oogenesis and early 
embryogenesis in mammals. Biology of Fertilization. Vol. 3. The 
Fertilization Response of the Egg. pp.379-401. (Eds) Metz CB 
and Monroy A. Academic Press Orlando USA, 

Vorobseva Tesitologiya 0 A. 1990. Regulation of Proliferation in 
Granulosa Cell Culltlre 32: 840. In Russian with Russian and 

English Summary. 
Wahid H, Gordon J, Shariff H, Lonergan P, Monaghan P and 

Gallagher M. 1992. Effect and efficiency of recovery method 
for obtaining ovine follicular oocytes for ill vitro procedures. 
Theriogenology 37: 318 (Abstr.). 

Wani G M. 1989. Plasma progesterone concentration during oestrous 
cycle in goat. Indian Journal of Animal Reproduction 10: 411-46. 

Wassannan P M. 1983. Oogenesis: synthetic events In the developing 
mammalian egg. Mechanism and Control of Animal Fertilization 
pp. I-54. (Ed.) Hartmann J F. Academic Press, New York. 

Wassannan PM. 1988. The mammalian ovum. The Physwlogy of 
Reproduction.Vot. I, pp. 69-102. (Eds) Knobi! E and Nell J D. 
Raven Press, New York. 

Wassatman P M and Albertini D F.1994. The mammalian ovum. 
ThePhysfology of Reproduction. Vol. I, pp. 79-122. (Eds) Knobil 
E and Neil J D. Raven Press, New York. 

Wassarman P M and losefowicz W J. 1978. Oocyte development in 
the mouse: An ultrastructural comparison of oocytes isolated at 
various stages of growth and meiottc competence. Journal of 
Morphology 156: 209-36. 

Weaklay B S. 1966. Electron microscopy of the oocyte and granulosa 
cells in developing ovarian follicles of the golden hamster 
(Mesocircetus auraturs). Journal of Anatomy 100: 505-34. 

Willis P, Caudle A B and Fayer-Hasken R A. 1991. Equine oocyte 
In vitro maturation: Influence of sera, Hme and hormones. 
Molecular Reproduction and Development 30: 360-68. 

Zamboni L. 1974. Fine morphology of the follicle wall and follicle 
cell-oocyte association. Biology of Reproduction 10: 125-49. 

Zybina E V, Zybina T G and Dalwa A R.1980. A study of nuclear 
structure at stages of diplonema and diakinesis in oocytes of 
Dryomyos nitedula. Testiloglya 22: 381-86. 



Indian Journal of Animal SCiences 70 (4): 386-389, April 2000 

Efficacy of dietary protein against monocrotophos toxicity ~n some carbohydrate 
metabolic enzymes in rats 

NEET A RAJ SHARMA I, AMEET A KUSHW AH 2 and H S KUSHWAH3 

Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh 482 001 

Received: 18 January 1999; Accepted: 7 October 1999 

ABSTRACT 

A study on carbohydrate metabolic hepatic enzymes was conducted to establish the beneficial effect of dietary protein 
in alleviating the toxic stress ofa single or repeated intubation ofmonocrotophos (2 mg/kg body weight) in rats maintained 
on formulated isoenergetic diets under normal, protein deficient and protein supplemented dietary conditions at 20 and 
5% protein levels. Acute and chronic administration of organophosphate at varying intervals induced variable responses. 
An accelerated rate of anaerobic glycolysis with a concomitant decreased rate of gluconeogenesis was indicated in 
malnourished rats after acute dosage. 

Chronic monocrotophos poisoning induced increased energy demand in normal rats. In protein deficient rats, the rate 
of glycogenolysis and glycolysis elevated to meet the primary stress response; the activity of gluconeogenic enzymes also 
got stimulated. However, the animals were able to counteract the toxicity of pesticide on hepatic enzymes, when fed on 
high protein diet. 

Key words: Dietary protein, Hepatic enzymes, Monocrotophos, Rats 

Experimental data revealed the efficacy of dietary protein 
in determining the susceptibility to pesticide toxicity (Pal et 
al. 1989, Bulusu and Chakraborty 1992, Sharma and Kushwah 
1997, Shanna et al. 1997). In developing countries like India, 
a large proportion of protein malnourished population is 
exposed to health hazards of pesticides during their 
manufacture, transport and agricultural needs. 

Monocrotophos, one of the most commonly used 
organophosphorus pesticides in agriculture in India, is 
indicated to be a potent toxicant (Ramulu and Rao 1987). A 
single or repeated oral dose of monocrotophos is reported to 
affect the level of certain clinical enzymes (Sharma et al. 
1999) and some biochemical constituents (Kushwah et ai. 
2000) III blood and liver of malnourished male albino rats 
iliat appeared to affect carbohydrate metabolism significantly. 
However, protein supplementation in the diet proved efficient 
in combating its toxic stress (Sharma et al. 1998,2000). The 
present investigation was, therefore, aimed at evaluating the 
impact of toxicity of this organophosphate on the activity of 
certain key regulatory enzymes of carbohydrate metabolism 
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Pradesh 176 002. 
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in malnourished rats and its alleviation under high protein 
diet. 

MATERIALS AND METHODS 

Adult male albino rats, weighing 150-200 g were procured 
from the animal colony of Veterinary College, Mhow. These 
were maintained on a standard diet and were offered water 
ad lib. The study was divided into 3 phases as described earlier 
(Sharma et ai. 1998). 

The animals were divided into 2 dietary groups and were 
maintained on formulated isoenergetic diets at 20% (phase 1) 
and 5% (phase 2) protein levels. After 30 days, some animals 
of phase 2 were supplemented with standard protein diets at 
20% level for 7, 15, 30 and 60 days and formed a third group 
(phase 3). 

The animals in each group (6 each) were exposed to an 
oral administration of monocrotophos (dimethyl-cis-l
methyl-2-methyl carbonyl-vinylphosphate) @ 2 mg/kg body 
weight in water (approximately 1/10th LDso oral dose). 
Animals were intubated with monocrotophos either once (6, 
12,24 hr) or repeatedly (7, 15,30 and 60 days, once daily). 
The corresponding animals of contTol groups were also kept 
on similar diets at low and high protein levels and were given 
a calculated dose of vehicle alone. 

For short term experimentation, the animals were kept on 
fasting overnight. Concurrently, these were administered with 
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a single dosage of insecticide at variable intervals so as to be 
sacrificed as per experimental schedule. For long term 
experimentation, too, the animals were fasted overnight before 
sacrifice. Liver was quickly excised and placed in 0.15M 
saline. It was cleared off all the extraneous materials and 
weighed. Liver homogenate was prepared (10% w/v, in 0. 15M 
saline) below 4°C using homogenizer. The activity of 
phosphorylase (B.C. 2.4.1.1, Sutherland 1955), hexokinase 
(E.C. 2.7.1.1., Crane and Sols 1955), glucose 6-phosphatase 
(E. C. 3. 1. 3.9., Swanson 1955), fructose 1, 6-diphosphatase 
(E.C .. 3.1.3.11., Freeland and Harper 1959) and adenosine 
triphosphatase (E.C. 3.6.1.3. Post and Sen 1967) were 
estimated colorimetrically after determining the content of 
inorganic phosphorus in supernatant (Fiske and Subbarow 
1925). Protein content was estimated by the method of 
Reinhold (Oser 1965). The enzymatic activities were 
described in their respective units/mg protein. The data were 
subjected to Students "t" test after calculating mean and 
standard error using conventional formulae. 

RESULTS AND DISCUSSION 

A single sublethal oral dose of monocrotophos induced 
no changes in the hepatic activities of some key regulatory 
enzymes, viz. phosphorylase, hexokinase, fructose 1, 6 
diphosphatase and adenosine triphosphatase in rats maintained 
on 20% protein diet (Table 1) implying that the rate of glyco
genolysis, glycolysis and gluconeogenesis remained 

unaffected. There seemed to be no change III flUId 

pemleability, too. Phosphorylase activity was stimulated after 
an acute dosage of dichlorovos (Teichert and Szymczyk 1979) 
or diazinon (Husain and Matin 1987) without any change III 

glucose.6.phosphatase activity. However, the latter enzymic 
activity suffered a nonsignificant reduction in the present study 
but significantly at 24 hr post treatment reflecting the rate of 
glucose formation from hepatic glycogen or from glucose 6-
phosphate. However, the activity was reported to be 
unchanged in malathion treated rats (Matin and Husain 1987). 

An acute administration of pesticide to the malnounshed 
animals elevated the levels of phosphorylase and hexokinase 
at 12 hr. Despite stimulation of glycogenolytic enzyme in 
inducing hyperglycemia, after release of glucose from liver 
to the circulation, blood glucose level seems to be maintained 
(Sharma et al. 1998). Enhanced hexokinase activity (Table 
I) with a concommitant raised hepatic lactic acid level and a 
fall in pyruvic acid level (Sharma et al. 1998) points to an 
accelerated rate of anaerobic glycolysis as part of ill vivo tissue 
response to monocrotophos exposure. A decreased rate of, 
gluconeogenesis was also indicated after the suppression ?f 
fructose 1, 6-diphosphatase and glucose-6-phosphatase. in 
these animals. Pesticide intoxication seemed to derange tl;ltlon 
transport system by inhibiting ATPase activity at 6 hr. 
However, at later e~posures, an adaptive response of the. tissue 
against pesticide poisoning was reflected. 

Long-term administration of monocrotophos produced a 
significant stimulation in hepatic phosphorylase activity on 

Table I. Effect of a single oral administration of monocrotophos on some hepatic enzymes of rats under varying dietary rcgi mes 
------- _ ... -- <"--

Dietary Period of Enzymes 
.-~-~- _- ----

Status sampling 
(hr) Phosphorylase Hexokinase Glucose-6 Fructose-I, 6 Adenosine 

phosphatase di-Phosphatase triphosphatase 
@ @ @ 

-----
Normal (20% 0 0.023 0.048 9.723 1.093 9.016 
protein ±0.003 "=0.002 "=0.526 "=0.076 :1:],001 
level) 6 0.023 0.046 0.804 1.207 9.014 

"=0.001 ±0.001 ±0.379 ±0.093 ±0.001 
12 0.023 0.048 8.148 1.091 9.014 

±0.009 ±0.003 ±0.328 ±0.103 ±O.924 
24 0.023 0.052 7.326* 1.229 9.016 

±0.0018 ±0.004 ±0.626 ±0.111 ±1.023 

Malnourished 0 0.019 0.035 5.818 0.453 11.575 
(5% protein ±0.0019 ±0.0011 :1::0.345 ±0.079 ±0.683 
level) 6 0.019 0.034 3.414"""* 0.315 9.362* 

±0.001 :1::0.001 ±0.139 ±0.056 :1:0.009 
12 0.246'" 0.051"'''' 4.955 0.288* 12.332 

±0.002 ±0.004 ±0.510 ±0.039 ± 1.282 
24 0.016 0.035 4.225* OJ [6 10.339 

:1:0.0001 :1::0.002 ±0.336 ±0.046 ±0.85G 
.,.~--.~-

Values are mean:l: SE of6 observations; enzyme units expressed as specific activity (u moles) (@ n moles)/minlmg protein); "'P<0.()5, 
··<0.01, ..... P<Q.OOl. 
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15th and 60th day in rats maintained on high protein diet 
reflecting an increased energy demand during this period. 
This was clearly evidenced by an accelerated activity of 
hexokinase at these intervals (Table 2), Coult et at, (1979) 
indicated an accumulation of c-AMP in organophosphorus 
poisoned animals that may activate phosphorylase activity 
(Husain and Matin 1987). The activities of glucose 6-
phosphatase and fructose diphosphatase were also enhanced 
at 15th and 60th day pesticide treated rats, indicating an 
accelerated conversion of glucose 6-phosphate to meet out 
the excess energy demand in defence to pesticide intoxication. 

Strikingly, the activities of phosphorylase, glucose 6-
phosphatase and fructose 1, 6 diphosphatase were suppressed 
at 30th day post treatment. However, the activity of 
hexokinase remained unaffected (Table 2), 

The activity of ATPase was markedly suppressed on both 
30th and 60th day after exposure (Table 2) pointing to 
maximum dysfunction of the enzyme system at these intervals 
due to the derangement of cation transport system, However, 
the activity remained unchanged at early stage of exposure 
(Table 2), 

In contrast, hepatic activities of all the enzymes under study 

Table 2, Effect of repeated oral administration ofmonocrotopnos on the activity of some hepatic enzymes of rats 
undel' varying dietary regimes 

~--.-...--,~---- - ~----~ ~------- -
Dietary Period of Enzymes 
Status sampling -----~--"--~---~ --------

(days) Phosphorylase Hexokinase Glucose-6 Fructose-I, 6 Adenosine 
phosphatase di-Phosphatase triphosphatasc 

@ @ @ 
- _-- - --- -----~ -- ~"-- -~----------- -"-- --------------- --~-------- -- -

Normal (20% ° 0.023 0,048 9,723 1.093 9,016 
protein ±0.003 ±0,002 :1:0,526 ±0,076 :1:1.801 
level) 7 0.023 0,046 8,069 1.386 9,013 

±0.002 :1:0,002 :1:0,596 :1:0.338 :1:0,802 
15 0.034* 0,079 13,317* 1.616* 9,019 

±0.002 ±0,1)02 :1:0,939 :rD.) 4() :l;f),9D2 
30 0,019* 0,043 7,591 * 0,649** 6.007*** 

±0.004 ±0,002 :1:0,188 :1:0,089 :to,SOI 
60 0,034 0,064"'"' 11.311 Ii< 1,863'" 6,007*** 

±0.002 ±0,002 :1:0,323 :I:(),()92 .to,801 

Malnourished ° 0,028 (),O56 9,239 OJ37 11,()75 
(5'1'0 protein ±0,005 ::1:0,007 :1:0,799 :t.O,022 ± 1.839 
level) 7 0,039 (),083* 9,775 0.423 14,912 

:1:0,002 ±0,O07 :1:0,799 ;1:0.022 ±1.839 
0 0,246 0,055 3,264 0.260 9,958 

::1:0,002 ::1:0,003 ±0,183 :1:0,029 ±0,920 
15 0,048* 0,096* 5,304'" 0.437 13,023' 

±0.003 :1:0,004 ±0,2416 ±0,()24 :I; 1.235 

Protelll 0 0,044 0,184 4,133 0,641 8,332 
supplemented ±0,002 ±(U)] 3 ±O,57] :t.O,081 :1:-,531 
(20% protcin 7 0,024**!l< 0,124** 3,234 (l,528 6,321 * 
level) ±0,002 ::1:0,007 :1:0,077 ±0,083 ±O,944 

° 0,023 0,122 0,899 0,641 8,641 
±0,002 :1:0,007 ±0,077 :I:(),083 ;;1;0,234 

15 0,019 0,119 1.025 (),647 8,888 
±O,OOI :1:0,008 :1:0,135 :t.0,027 :1:0,174 

0 0.018 0,)22 2.018 D,4}O J3,747 
:1:0,001 ±0,O19 ±0,214 :1:0,()6) ±0.359 

30 0,016 0,136 2,)16 0.472 13,673 
;;1;0,001 ±0,019 ±0,214 ±0,063 ±0,359 

0 D 024 (),148 4,039 (),329 17,729 
:1:0,002 ±0,011 ±6.466 :1:0,042 ±1.989 

60 0,024 0,154 3,829 0,232 17,977 
±0,()02 ±0,006 ±0,226 ±0,046 :1:1.591 

.-------~.------

Values are mean ± SE 0[6 observations; enzyme units expressed as specific activity (n mOles) (@ n moJes)/min/mg protein)' *P<Q,05, 
*'I«(),OI. ***P<O,ODI. I , 



April 2000] EFFICACY OF DIETARY PROTEIN AGAINST MONOCROTOPHOS TOXlCITY 389 

were elevated in rats fed on low protein diet. A significant 
stimulation in phosphorylase activity points to an increased 
rate of tissue glycogenolysis and cOlToborated well with our 
earlier findings on the decreased content of glycogen (Sharma 
et al. 1998). Likewise, hexokinase activity was also increased 
at both intervals (Table 2) indicating an increased energy 
demand for enhanced muscular activity to be met with an 
increased rate of glycolysis. An elevation in lactate to pyruvate 
ratio testifies to an enhanced muscular activity (Sharma et al. 
1998) that accentuates the primary stress response in protein 
deficient animals, establishing the toxic impact of insecticide, 
more so in these groups of animals (Sharma et al. 1997, 1998, 
Kushwah et Cli. 2000). The activity of both the gluconeogenic 
enzymes was also stimulated (Table 2) to meet the extra 
energy demand to counteract the toxic hazards of 
monocrotophos, since their capability of resistance to toxicity 
was reduced when fed on low protein diet (Sharma et al. 1997. 
1998). An increased activity of ATPase inferred to an 
Increased rate of transport associated with enzymic proteins 
for energy purpose. 

Monocrotophos dosage to the malnourished animals, when 
fed on a high protein diet (20%), decreased phosphorylase 
markedly on seventh day post treatment (Table 2). The activity 
of hexokinase and ATPase were also suppressed at this 
interval signifying nonalleviation of pesticide toxicity till this 
period. Later, protein diet seemed to have a beneficial impact 
In counteracting the toxicity of pesticide. This was evidenced 
by nonsignificant alterations in all the enzymic activities 
(Table 2). This might be due to rapid detoxification of 
monocrotophos by microsomal drug metabolising enzymes 
activated in the liver under high protein diet (Sato and 
Nakazima 1984). 
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Newcastle disease virus (NDV), a member of genus 
Paramyxovirus of the family Paramyxoviridae causes major 
losses to poultry industry due to its high morbidity and 
mortality. The importance and impact of a particular NDV 
isolate is directly related to its virulence. Depending on the 
pathogenicity in field, the virus isolates are broadly classified 
into 3 categories viz. velogenic (virulent), mesogenic 
(intermediate in virulence) and lentogenic (avirulent) strains. 
Pathogenicity tests are useful markers to differentiate the NDV 
strains. Various laboratory tests which have been used by 
several workers for assessing the pathogenicity of the virus 
are mean death time (MDT) in embryonated chi.cken egg 
(EeE), intracerebral pathogenicity index (JCPI) in day-old 
chIck, intravenous pathogenicity index (IVPI) in 6-week-old 
chicken, cloacal and conjunctival mean death time (CCMDT) 
in 8-week-old chicken (Martone et [Ii. 1976, Allan et ai. 1978, 
Alexander and Parsons 1984). 

Guinea fowl is native to Savannah zone of West Africa 
and the bird is seen mostly in wild. At present there is an 
increasing tendency to domesticate and commercialise its 
production. The birds are susceptible to both natural and 
experimental infection with NDV (Durojaiye and Adene 
1988, Okaeme et al. 1988, Agoha et af. 1992, Rampin et al. 
1993). Therefore, the present study was undertaken to 
compare the pathogenicity tests conducted in chicken with 
those in gUll1ea fowl. 

Three Newcastle disease (ND) virus isolates: 1 fro111 
chicken, 1 from guinea fowl, and 1 from pigeon were passaged 
ml1-day-old ECE and then subjected to various pathogenicity 
tests (Table 1). From the results it is evident that the MDT, 
ICPI and IVPI of chicken isolate were 56 hr, 1.75 and 2.51, 
respectively, whereas these vatues far g,1..tlnea fowl \solate were 
48 hI', 1.50 and 2.57 respectively. These values fall within 
the range given for velogenic strain, as has been reported by 
vanolls workers (Singh and Singh 1970, Allan et ai. 1978). 
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Table 1. Pathogenicity index of different Newcastle disease virus 
isolates conducted in chickcn 

--- ------ -- -- _-- _- ---- --,---,, __ 

MDT ICPI IVPI 
(hr) 

-----~-~~- -~~ -------~---. -- - .-.--~-

Chicken isolate 56 1.75 2.51 
Guinea fowl isolate 48 1.50 2.57 
Pigeon isolate 84 1.16 1.01 

CCMDT 
(days) 

.... -.~-----.-

4 
6 

The MDT, ICPI and NPl of pigeon isolate conducted in 
chicken were 84 hr, 1.16 and 1.01 respectively. These values 
faU within the range prescribed for mesogenic strains (Allan 
ef aZ. 1978, Alexander and Parsons 1984). Similarly, Allan et 
al. (1978) reported that l11csogenic strains with MDT 60-90 
hr, ICPI 0.5-1.5 and IVpr 0-1.5 were intenncdiate in virulence. 

Ahmed and Reda (1968) used pigeons to determine the 
neuropathic index (ICPf) and they reported that the index 
was directly correlated with the pathogenicity of the strains 
used. In the present study, the IVPI test was conducted in 6-
week-old guinea fowl. The IVPI was 2.36, 2.42 and 0.96 for 
chicken, guinea fowl and pigeon isolate respectively. These 
figures were very close to the IVPI conducted ill 6-week-old 
chickens. This indicated that guinea fowl could be used as an 
alternative to chicken to study IVPl. Ahmed and Reda (1968) 
also reported that intracerebral inoculation of pig con provided 
additional reliable means for assessing the pathogenicity of 
strains ofNDV as well as distinguishing virulent strains from 
vaccine strains. Cloacal and conjunctival mean death time 
test was conducted to distinguish between velogenic strains, 
viz. viscerotropic I neurotropic. The guinea fowl and chicken 
isolates upon inoculation on to conjullctiva and into cloaca 
of 8-week-Q~d chi.ckens ctmsed d1arrhoea and death oC aU the 
4 birds within 4-6 days post ini'ection (DPl) (Table I). 
Therefore, both the isolates were classified as viscerotropic 
velogenic virus. No mortality was recorded in the chickens 
following inoculation of pigeon isolate, however, mild clinical 
signs were observed in all the 4 birds that confill11ed the isolate 
to be mesogellic strains. Alexander and Allan (1974) reported. 
CCMDT (4-8 days) to be a valuable method to differentiate 
between viscerotropic and neurotropic strains of NDV I the· 
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CCMDT was also conducted in 8-week-old guinea fowl for 
comparison. All the 4 birds inoculated with chicken isolate 
developed dullness and depression on second day and there 
was diarrhoea and death of all the birds within 6 DPI. Out of 
4 guinea fowls inoculated with guinea fowl isolate, there Was 
diarrhoea and death of 3 birds within 4 days of inoculation 
and fourth one died on sixth day. In the birds of both the 
groups, haemmorhage in proventriculus and caecal tonsils 
was observed on PM examination. In contrast to the above 2 
isolates, all the birds inoculated with pigeon isolate became 
dull and remained like that till the end of the experiment. PM 
examination of sacrificed birds did not reveal any gross 
changes. The symptoms and lesions produced by chicken and 
guinea fowl isolates were characteristics of viscerotropic 
velogenic NDV, whereas pigeon isolate was meso genic strain. 

The results of IVPI and CCMDT in guinea fowl were 
comparable with the IVPI and CCMDT of chicken. This 
seems to be the first report of conducting the pathogenicity test 
in guinea fowl which indicated that guinea fowl could be taken 
as an alternative to chicken for these tests and it might provide 
additional reliable means for assessment of pathogenicity of 
the virus. 
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A survey waS can-ied out to record the incidence of bovine 
spastic paresis in villages and Panjarapoles of 3 talukas, viz. 
Jamkhambhaliya, Jamkalyanpur and Bhanvad of Jamnagar 
district in Gujarat. 

The details of field survey are given in Table 1. A large 
nUll1ber of salvage animals were gathered in Panjarapoles due 
to drought conditions prevailing during 1993-94. In all 59 
cases of spastic paresis were recorded in bullocks only and 
not a single case was seen in female. The incidence of spastic 
paresis based on total cattle population was 0.05% (1: 2 000), 
while on the basis of bullock population, it was 0.11 % (1: 
1 000). All the bullocks were used for draught purpose. 

Table I. Incidence of spastic paresis in bullocks of Jamnagar 
district in Gujaral 

Taluka! Total Number of Number of 
Panj arapo Ie cattle bullocks spastic 

population animals 

Jamkhambhaha 39162 16425 11 
Bhanvad 44870 19702 9 
Jamkalyanpur 35524 18606 10 
H. V .O.S.Panjarapole 2599 555 17 
Movan Panjarapole 3000 630 12 
Total 125155 55918 59 
PCI' cent 44.68+ 0.05+ 

0.11'" 
----- ------.--~-- - ~ --

'Pcr cent on the basis of total cattle population, 
"Pcr cent on the basis of bullock population. 

Age of onset and breed-wise distribution of spastic paresis 
in bullocks is given 111 Table 2. Age of onset was noted during 
anamnesis based upon the wisdom of owners in percepting 
the clinical signs like reduced work performance, difficulty 
in getting up in the morning, straightness of the limb, 
tremulolls mllscle contractions and alternate lifting of hind 
legs. Age at onset of spasticity ranged from 6 to 18 years, 
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Tab Ie 2. Age of onset and breed-wise distribution of spastic 
paresis in bullocks (n=59) 

Age Kankrej Gir Nondescript Total 
(years) 

6-8 9 2 2 13 
(15.2) (3.4) (3.4) (22.0) 

8·10 11 1 8 20 
(18.6) (1.7) (13.6) (33.9) 

10-12 6 2 2 10 
(10.2) (3.4) (3.4) (17.0) 

12-14 7 1 3 II 
(11.9) (1. 7) (5.1) (18.6) 

14-16 1 0 I 2 
(1.7) (0.0) (1.7) (3.4) 

16-18 I 1 1 3 
(1.7) (1.7) (1.7) (5.1) 

Total 35 7 17 59 
(59.3) (11.9) (28.9) (100.0) 

n = Number of spastic animals. 
Figures in parentheses indicate per cent values based on number 

of spastic animals. 

with maximum number of cases (33) occun-ing in the age 
group of 6 to 10 years. The results are in accordance with the 
reports ofRao (1967) and Gadgil et al. (1970, 1972). 

Since the disease affects the bullocks in their prime working 
life it causes enormous losses to the farmer. In western 
countries, the condition occurs commonly in calves (Elliot 
and Hopkins 1966), but cases involving animals of 5 to II 
years have also been reported (Bradley and Wijeratne 1980). 

The incidence of spastic paresis was maximum in the 
Kankrej breed (59.3%) followed by l1011-descript (28.8%) and 
the least in Gil' (11.9%). The incidence of spastic paresis is 
most frequently reported in Friesian cattle (Huffel et al. 1986). 
Other affected breeds include Ayrshire (Roberts 1965), Beef 
Shorthorn (Leipold et al. 1967), Charolais (Love and Weaver 
1963). In India, spastic lameness was reported for the first 
time in a non-descdpt bullock and a cow (Rao 1967), 
subsequently Gadgil et al. (1970, 1972) reported spastic 
lameness only in bullocks. Contrarily, spastic paresis has been 
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reported by others in adult cows (Deppe et al. 1976) and YClUng 
calves of both sexes (Leipold et al. 1967). The high incidence 
in working bullocks of only a specified region in our study is 
indicative of some environmental factors, which might have 
played a role in the phenotypic expression of genetkally 
predisposed animals as was postulated by Gadgil et 01. (1970). 
Further investigations on this are essential to arrive at a 
conclusion. The higher incidence of spastic paresis in Kankrej 
breed may have been influenced by many factors. There is a 
tendency amongst farmers to select the animals with a fairly 
straight hocks than the typical sickle shaped hocks and th1s 
might have forced the breeders to select the bulls with 
favourable hind limb confirmation. Further most of the 
Kankrej bullocks originate ftom Kutchh region where large 
Kankrej herds are being reared and bred with a few selected 
w),\9. ThQ .wa.\T} j.T)!;!A.WC of t1M.Ye .catt}e OlWM'lJ'.'.5 /.ro.'<2 8a)e of 
castrated male calves. In the present study, however, it is not 
possible to ascertain the pedigree records of individual 
affected animal, the possibility of inbreeding can not be ruled 
out. In 1 study 011 Kal1krej bullocks with spastic paresis, the 
pedigree data of the affected animals showed that they "'ere 
inbred animals with an inbreeding coefficient of 12 to 17% 
(Gadgil et al. 1970). The non-descript cattle also possess some 
inheritance of Kankrej and hence they also might have been 
influenced simultaneously. 

Breed and 1imb~wlse di.stributioll of spastic paresilS in 
bullocks is given in Table 3. Bilateral cases of spastic paresis 
(41) accounted for 69.5% of the total spastic cases. 'The 
involvement of the right limb was more (37%) as compared 
to the left (19%), in the both unilateral (11%) and bilateral 
(26%) severely affected limbs. 

According to Forrnston and Jones (1956) and Wheat (1960) 
spastic paresis is normally a bilateral condition, wherein the 
signs are usually more pronounced in 1 limb. However, 

Table 3, Breed and limb distribution of spastic paresis 
in bullocks (n = 59) 

Unilateral Bilateral Total 

Breed Kankrej 10(16.9) 25 (42.4) 35 (59.~) 

Nondescript 5 (8.5) 12 (20.3) 17 (28.a) 
Oir 3 (5.1) 4 (6.8) 7 (l1.~) 

Total animals 18 (30.5) 41 (69.5) 59 (lO() 

Limbs Severely affected 
Left 7 (7.0) 12(12.0) 19 (19.0) 
Right 11 (11.0) 26 (26.0) 37 (37.0) 
Total 18 (18.0) 38 (38.0) S6 (56.0) 

Mildly affected 
29 (29.0) 29 (29.0) Left 

Right lS (15.0) 15 (15.0) 

Total 44 (44.0) 44 (44.0) 
Total affected limbs 18 (18.0) 82 (82.0) 100 (100) 

n = Number of spastic animal~. ' 
Figures in parenthese~ jndica~e p~r cent y~ues baseQ qn total 

animals/limbs. 

Leipold et al. (1967) and Keith (1981) observed the condition 
most frequently to be unilateral involving right hindlimb, 
while Boyd and Weaver (1967) recorded higher involvement 
ofleft leg. Unilateral hindlimb hyperextension with a straight 
hock was a more common findiug in older animals (Gadgil 
et al. 1970), and when severely affected limb was operated 
upon the characteristic signs developed in the opposite uQmlal 
01' mildly affected limb (Gadgil et al. 1970, Vestweber and 
Noordsy 1971). This was also seen in a few operated bullocks 
under the present study. 

During anamnesis, it was reported that the signs of spastic 
paresis were seen after episodes of ephemeral fever in 4 cases 
and foot-and-mouth disease in 2 cases. This might be a 
coincidence as their relationship has not been estabhshed 
(Baird et al. 1974). In4 animals in spIte of presence of straight 
hack, there:: was no obvious diwillution III woe} effrciency, 
though it simulated initial signs of spastic paresis. 
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Romifidine has been used for sedation in dogs intra
venously at wide range of dosage (20-120 !-Lglkg) (England 
et al. 1996). The present article describes the sedative and 
analgesic effects of 3 dose levels of romifidine injected 
intramuscularly in dogs, 

Clinically healthy adult mongrel dogs (12) of either sex 
weighing between 11 and 16 kg were divided into 3 groups 
of 4 animals each. All the dogs were kept off feed and water 
for 24 and 12 hr, respectively, before administration of any 
drug. After recording the base values, the animals were 
injected with atropine sulphate @ 0.65 mg/animal intra
muscularly. It was followed, 15 min later, by intramuscular 
administration ofromifidine @ 50, 75 and 100 J.lglkg body 
weight in animals of groups A, Band C, respectively, after 
diluting the drug in normal saline to make the injectable 
solution up to 1 rot 

Heart rate (beats/min), respiration rate (thoracic excursion! 
min), and rectal temperature (OF) were recorded in all the 
animals just before the administration of atropine sulphate 
and at 5, 10, 15, 20, 30, 45, 60, 75 and 90 min after the 
administration ofromifidine. Various reflexes like pedal, pin 
prick, cough reflex (response to intubation), relaxation of jaw 
and posture of the animal during the study were also recorded 
at the same intervals to assess the extent of sedation, analgesia 
and muscle relaxation. All these parameters were recorded 
using a 0-3 or 0-4 score scale (Amarpal et al. 1996),.50 that 
.the extent of effect could be quantified. The animals were 
\also observed for pam at injection site and any other untoward 
sign during the study. . 

The data for heart rate, respiration rate and rectal 
temperalJ1re were analysed using paired It' test for within the 
group comparison of the means and analysis of variance for 
between the group comparison of means. The data for various 
reflexes were analysed using Wilcoxson sign rank test as per 
Snedecor and Cochran (1967). 

Mean weak time (time between injection of drug and onset 
of sedation) was 4.57 ± 0.63, 6.00 ± 0.91 and 4.00 ± 0.58 min 
in animals of groups A, Band C respectively. It was, however, 
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not significantly (P<0.05) different among the groups, The 
increase in dose of romifidine from 50 to 100 I!gikg body 
weight seemed to have no effect on the speed of onset of 
effects of the dmg given intramuscularly, Rapid onset of 
sedation (within 1 min) after intravenous administration of 
romifidine has been reported in dogs, but no difference in 
onset time was found between the dose rate of as low as 20 
~Lglkg and as high as 120 Ilglkg (England et al. 1996). Animals 
of all the groups appeared sleepy with lowered head and sat 
down calmly within 10-20 min of drug administration 
irrespective of the dose rate used. Apparently, animals 
appeared moderately sedated but when disturbed, they got 
up, moved away without much inco-ordination and again· 
resumed sternal recumbency when left undisturbed. The 
duration of effect was also not different among the different 
groups and by the end of the observation period, aU the 
animals appeared alert and walked without inco-ordination. 

Pedal reflex was only mildly abolished in all the groups 
viz A, Band C. Though depression of pedal reflex was slightly 
lesser in group A as compared to groups Band C, the 
difference was 110t statistically significant among the groups 
at any interval. Maximum depression of pedal reflex was 
observed at 45 min interval in group C but by 75 min interval 
all the animals of different groups had normal (score 0) pedal 
reflex. Moderate analgesia (pin prick reflex score =: 2) was 
recorded in all the groups. 

The peak effect was recorded between 15 and 30 min in 
all the groups and the difference among the groups was not 
statistically significant. Very mild to mild analgesia (Scores 
O. 50 ± 0,29 group A to 1. 25 ± 0.25 group C) persisted even 
at 90 min interval. 'The status of cough reflexes was measured 
by recording the response to intubation on a 0-3 scale. The 
results indicated only very mild depression of cough reflex 
in all the groups which were not significantly different 
between the groups. 

On the basis of scores recorded for pedal reflex, pin prick 
reflex. and cough reflex, muscle relaxation and incoordination, 
it was evident that romifidine produced only mild to moderate 
analgesia and moderate sedation. Though the difference was 
not significant between the groups, the dose rates of 75 and 
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100 f.Lg/kg produced more consistent results which were 
almost similar in both the groups. However, analgesia in 
animals of group A was relatively lesser as compared to 
groupS Band C. 

In the present study, no appreciable changes in heart rate 
was recorded during first 20 min in any of the groups. A 
slight fall in HR was recorded after 30 min III all the groups 
which was significant (P<0.05) only at 20 min and 75 min 
intervals in groups Band C respectively. 

Respiratory rate showed a significant (P<0.05) fall in all 
the groups. In group A, the significant fall was recorded 
between 15 and 16 min of intervals, however, in groups B 
and C significant fall was recorded even at 5 min after injection 
and persisted for a longer time. Reduction in respiratory rate 
and periodic apnoea have also been reported after intravenous 
administration of romifidine (England et al. 1996). No 
significant difference in RR was seen between Band C. The 

rectal temperature did not change significantly (P>O.05) in 
any of the groups. 

The results of the present study indicated that rornifidine 
administered intramuscularly@50 J.lgJkg produced only very 
mild sedation and analgesia. However, romifidine @ 75 
and 100 f.Lg/kg produced mild to moderate sedation and 
analgeSIa. 
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Parasitic gastroenteritis, caused by immature paralUp
histomes and Haemonchus contortus, results into high 
mortality and morbidity in sheep (Dutt 1980, Gupta et al. 
1985, 1987, 1988). The combined formulation of anthel
mintics, oxyelozanide and tetramisole hydrochloride, is being 
used for the control of parasitic gastroenteritis in sheep of 
eastern fJaryana since last 2 decades. The efficacy of 
oxyclozanide and teteramisole hydrochloride, when used 
individually, was quite high (100%) against immature 
paramphistomes (Misra and Ruprah 1972) and Hcontorfus 
(Chaudhri et al. 1983). Only 2 years before, a few reports 
from this region were made about the reduced efficiency of 
the combined formulation in improving the clinical conditions 
of sheep. This necessitated the re-evaluation of the 
anthelmintics in the combined fOlIDuiation and the Iesults 
are reported in this communication. 

Nine healthy lambs, 3-4 month-old, of either sex, Were 
procured locally and examined on 3 occasions for the presence 
of parasitic infections. They were treated orally with 
oxyc1ozanide @ 15 mg/kg.b. wt. and levamisole hydrochloride 
@ 7.5 mg/kg.b.wt. Thereafter, they were kept on the concrete 
floor and precautions were taken to avoid accidental para:sitic 
infection. Animals were provided wheat straw, gleen fodder, 
water ~d. lib . . and pelleted feed @ 250 g Ilamb daily. They 
were dIvIded 111to 3 groups as per experimental design after 3 
weeks of maintenance (Table 1). Each lamb of infected lreated 
and infected control groups was experimentally infected with 
~aramphistome metacercariae, collected frol11 naturally 
mfected Indoplallorbis eXllsfus. The experimental lambs of 
infected treated group were orally administered oxyclozanide 
@ 15 mg/kg b.wt. 20 days post-infection. All the lambs were 
killed on day 30 post-infection(PI)/on day 10 post-treatment 
(PT). 

In a field trial, 8 flocks of sheep (50-100 in each) in Karnal, 
KUl'ukshetra and Yamunanagar districts of Eastern Haryana 
were selected during September, 1998 to March 1999 bused 
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Table 1. Efficacy of oxyclozanide in sheep experimentally 
infected with Coty/ophoron spp. 

________ _.,_... ______ ,~ _T "" ~" ... ___ ... ~~ ~ ri _ .. _____ • .._ __ 

Lambs No. of Dose Worms recovered % 
me used of Abo sr (E) 

Grs. No. for info drug 
_____ -. • __ .... __ ~~ ____ • __ ·'_"'T _____ "~ 

12 5500 15 11lg/kg 0 tJ6 
13 55()O kg. b.w! 0 3 97.7 
18 5500 per os 0 18 

2 3 5500 nil 88 2164 
6 5500 31 1761 0 
14 5500 32 1120 

3 7 nil nil 0 0 
9 0 (l 0 
10 () () 

mc, Mctacercariae; E, cflieicncy; Abo, ubomusum; SI, sm;ii 
tntcstmc; os, orally. 

011 the history of reduced responsiveness in sheep exhibiting 
clinical signs like bottle jaw condition, dysentery, pica, partial 
anorexia, progressive emaciation etc. to the recommended 
doses of the combined anthelmintic formulation of 
oxyclozanide 3% w/v and tetrumisole hydrochloride 3% wI 
V. Additionally, 3 sheep among the selected Hocks, which 
were earlier treated with the combltled fonnulatiu\1 and died, 
were also found to have I J.co/l(ortu.\· worms (1450, 1890,970) 
in their abomasii. All sheep of these l10eks were treated orally 
With oxyclozanidc (fA 15 mg/kg h. wt. for the removal of 
1l11matllt'e paramphislomes, if any, Fil'teen days post
treatment, they were faecal sampled individuully on day 0 
and again on day 10 aftcr trcatment. Faecal egg counts per 
gram (EPG) were determined by modified Me Mnster 
technique. 

Sheep (30), 6-month to 2-year-old, ranked from 1-30 on 
the basis of lugher to lower EPG counts, from each flock 
were selected, numbered and divided into 2 comparable 
groups, infected treated (15) IIIld infected control (15), on the 
basis ofEPG counts on day Q. The sheep of the infected treated 
group were treated orally with tetl'amisole hydtochlodcle @ 
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15 mg/kg. b. wt. Pooled faecal cultures from each group \Vere 
also made to obtain infective larvae by Baerman 's technique. 

The recovery of immature paramphistomes from the killed 
lambs was done as per technique of Horak (1967). They \Vere 
identified (Dutt 1980) and counted (Reincke et al. 1962). The 
per cent efficacy was calculated as per formula: 

Worm recovered from infected control- worms recovered 

from mfected treated 
-"'---~W~~I;~~~~~~~'edfr~;~~ected-~ont;'~I-----}( 100 

The faecal egg count redllction (PERC) in sheep Ullder 
field trial was calculated by the method using arithmetic l1.1ean 
(Coles et at. 1992). Less than 95% reduction in average BPG 
with a 95% confidence interval extending below 90% Level 
was considered to be indicative of resistance whereas either 
a/·t .. l .. "e 2 cJ.1·}~"l'l"ir£ su~1}.-A§~r.vl pOJ.'~iBl11.';e-Sltst&{l;Ce (CO\"lo.s 61# Lr,x 1992]. 

Oxyclozanide, one of the anthelmintics of the combined 
formulation, was highly (97.7%) effective in reducing the 
average immature Cotylophorol1 spp. recovery in the infected 
h'eated lambs (Table 1), Fifteen years ago, oxyclozanide was 
also found highly effective (99.5-100.0%) against mature and 
immature paramphistomes of sheep in eastern HarYana 
(Chaudlu·j etal. 1983, 1985). Therefore, presently obse~'ved 
efficiency ofthis anthelmintic clearly indicates that this c:l.rug 
can still be used successfully for the control of 
paramphistomosis in sheep ofthis region. 

The field trial with the other anthelmintic, teh'amisole 
hydrochloride, of the formulation, revealed variable resPOnses 
in the examined flocks of sheep from different areas of eaStern 
Haryana (Table 2). The interpretation of EPG data showed 
prevalence of resistance in 5 flocks of sheep from 2 distticts 
(Kurukshetra and Yamunanagar) of eastern Haryana. (}f 3 
flocks fi'om Kamal, 1 was partially resistant and the remai11ing 
2 wel'e susceptible to the recommended dosage oftetramisole 
hydrochloride. The results of pooled coproculturc on day 10 

Table 2. Interpretation of cgg pCI' gram (EPG) offaecal counts on 
day 10 post-treatment with tetramisole hydrochloride 

_.,. ___ ~" T __ ~" 
------~ ---"_ .. " ,._ - -~------ - ---, 

Shcep Mean FECR UCL LCl 
flocks EPG 

_. ~-- -~ -----_ 
% Variance 

--- ~---------------. --- ~-- ---~----- --- -_-_ -- - ,-_ -~-~-- --.-------
TI/CI 111011807 39~ O.O(i 63* -1.4511< 
T2/C2 553/1127 51* 0.33 85* -59.13* 
T3/C3 223/1597 86* 0.19 94* 66.00* 
T4,'C4 412/825 50* 0.09 73* 8,O()~ 

T5/CS 15011120 87* 0.05 92* 79.00* 
T6/C6 13/1170 99*** 1.10 99*** 98**>1< 
T7/C7 20/473 9(ju 0.56 99** 80>1<'1. 

T8/C8 S/475 99*** 1.40 99>1<1/01< 98**>1< 
--- _._ .. _ --.-.-.- _-- --.. -~- ..... _,- . . .. ~, .. , -------- -- -,- . "- . 

FECR, Faecal egg count reduction; lJCL, upper 95% confidence 
limit; LCL, lower 95% confidence limit. 

The treated and control groups had 15 sheep in each, T 1-8: 
Treated with tctral11lsole hydroch loride @ 15 mglk.g b. WI. os., C I-
8: Control groups; " resistant; li<ll<partially resistant; *uslIsccPtiblc. 

post-treatment revealed that per cent compOSition of 
Hcontortus L3 in tetramisole resistant sheep or infected 
treated group was 55%, as compared to 62'% in the infected 
control group. The sheep, which were partially resistant to 
tetramislole, had l2°Ii) H.(;OIl(Ol'ill.l' L3 in the pooled cultures 
of infected h'eated groups in comparison to 94% in the infected 
control group. The tetra111isole sllsceptible sheep of infected 
group were, however, free fr0111 H.C()l1tOl'ttlS L3 when 
compared with 86% recovery hom the infected control group. 
This suggested that H.conlortus worms were the main 
nematode parasites, which were resistant to tetramisole 
hydrochloride. 

In the eady seventies, tet1'a111isole hydrochloride was found 
highly effective (1 DOrYl)) against both mature and immature 
Hcontortus (Mishra and Ruprah 1972), the mOSI prevalent 
and liigMy patlragerric gastmicr(estiIlal accructade crt 5'(leep 

(Gupta ef al.1986, 1988). Resistance to tetramisole and 
another imidazothiazole, levamisole, which is an I-isomer of' 
tetramisole, has also been recorded in sheep and goats OfUUlll' 

Pradesh (Srivastava et Cll. 1995) and western Haryana (Kumar 
1992, Yadav and Uppal 1993). It appears that continuolls 
indiscriminate use of telramisole in combination with 
oxyclozanide in many formulations for the control ofl11ixed 
parasitic infections in sheep and goats for the last many years 
had also selected for resistant strains of H,(;OlltOI'/US in the 
eastem Haryana. 

Since immature paramphistomes and gastrointestinal 
nematodes dominated by Hcontortus in small ruminants are 
usually tackled with anthelmintic combinations, therefore, 
prevalence oftetramisole resistance warrants the cautious use 
of this anthelmintic in combined formulations. 
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The disposition kinetics of different sulfonamides have 
been described in various specics of animals (Silvestri et al. 
I967, Nielson and Rasmussen 1977, Reddy (It al. 1988, Jain 
el {/ { 1992). There is 110 data a va HabJe on the pharmaco
kinetics of suI fadox inc in pOUltry. Therefore, this investigation 
was undertaken to deterl1line the pharmaco, kinetic profiles 
of sulfadoxine in White Leghorn (WLU) chicken fOllowing 
oral adl11ini$tratioll in a semi-add tropical climate. 

S1X WLH chickens of about Ilh years of age were used. 
Sulfadoxine was administered orally 100 O1g/ kg b. wt. Blood 
samples were collected from the cannulated wing vein in the 
hepannized glass centrifuge tubes at different time intcrvals 
I.e. 0 (before drug administration) and at 0.25, 0,5,0.75, 1, 
J .5, 2, 3, 4, 6, 9, 12, 24, 48 and 72 hI' post-administration. 
Plasma was separated after centrifugation at 3 000 rpm for 
15 ll11n at the room temperature. The clay temperature of the 
animal house was recorded between 37-40"C during the 
experiment. All the samples were stored at -10°C until 
analysis. The samples were analysed spectrophotometl'ically 
by the method of Bratton and Marshall (1939) at 545 11m, 

The plasma sulfadoxine concentration-time data were fitted 
by a 2-cxpol1cntial equation and different pharmacokinclic 
parumeters were determined as described by Gibaldi and 
Pener (1 (82) and llsing computer p ogral11l11e (Tallarida aud 
Murray 19H7). 

Thc sulfadoxinc plaSlTIil concentrations at different time 
intervals are prtlsented III Table [. The maximal level of 
sulfadoxine was observed to be 127.0 ~g/ ml at 1.5 hr, which 
declined to 6.83 ~lg/1111 at 72 Ilr. A concentration above lhc 
minlll1Ul11 effective therapeutic concentration (>40 pgl ml) 
cOllsidered to be cCfcctivc against most of the organisms, was 
1111l11ediately observed at O.2S hI' following oral administration 
or sullacloxinc and was maintained up to 12 Ill' in plasma. 

The variolls disposition kinetic parameters arc summanzcd 
111 Tablc 2. The pharmucokinetic behaviour of sui Cadoxinc in 
poultry is best dcscribed by a two-compartment open model. 
Similar observations were reported for sulfadoxine in cows 
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Table 1. Plasma levels ()!g ml· l
) of sulfudox ine in poultry 

following single oral administration (I DO Illg kg I) 

Time 
(hr) 

PILl~ma Icvc1 
(fIg 1111· 1} 

0.25 1)1.83:1:.3.81 
0.50 99.50.:1;0.17 
0.75 I 08.83±7. 74 

I IIS.75Jo8.85 
J.S 1 27,()O±1 1.03 
2 116.14::1:8.83 
3 98,25±6.44 
4 83.1)8±5.74 
6 73.IOJ:6.40 
';) 58.201HZ 
12 44.5812.32 
24 28.33±2.27 
48 14.85:1.2,[)l) 
72 6. 83± I .18 

Values are mean ± SE ofo animals, 

Tuble 2. Kinetic pat'umeter estimates for the 2"coll1partl1lCnl 
model of sui fadox inc in the plasma after a single oral 

administration in poultry (IOn rng kg I) 
~-- --

Parameters Unit Valucs 
._ ~ ----- - - -~- --_ -

Ka hi 1 1.557 
A ~lg ml" 7(1.12 
tVl Ka hI' 0.448 
Kcl hI' ·1 0,115 

B fIg 1111'/ 140.18 
t'l2 Kel hI' () ()~(l 

C'IJlq\. fLgml1 170.l'iS 
tllll1 \: 111' l. 81 
Vd I kg I 0.475 

Vci""" 1 kg-I ().740 

AlJC ~Lg ml· 1 11r 1526.30 
- - ~ - --" - --------.~ 

(Davitiyananda and Rasmussen 1974) and goats (Nielson and 
Rasmussen 1976). The drug was quickly absorbed into the 
blood (Ka; 1.557 lwl). The elimination half-life of ~1I1fadoxine 
following oral administration in poultry as established Il1 this 
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qully «(J.()J(l hr), was cOll1pnratiyc[y lower to that of 
,ulfUll1ethox(l)'ok ('d.T! 111') and higher 111 comparison 10 

sulhlc[iazine ( .. j.j h1') reporkd III poultry by Reddy t.:r (If. 

( I [jilR). The cakulated i1lUxilllUIII LOIlCClltJ'tltioll (C",,) of 

sllIfmloxine in plusma was 170.RN ~lg mIl which W~lS achieved 
at UU hr (t"'JJ Till' apparent VOJUllW of distribution (Vd) 
was 0.475 I. kg I imllcatl11g thut the drug iR distributed in the 
volumc 0('47.5% ofthe hody weight. A yolume of distribution 
ahove 1 ilHliL:ates higher cOllcentration ortlle drug in [issues 
than In plasma (Nielson nnd Rasll1usscn 1(75). III t1H: present 
case, V d \H1S kss than J, l11dil'Lltillg that the distrihutioll and 
cLll1>:enlrulion or sulJ'adoxinc ill tissues was lesse!' than in 
plasma in poultry. These l'('sults all' in agreement with the 
fil)(llllgS of Reddy Cl 1/1. (19Htl) who also reported Vel less 
(11<111 I for various sulfnnamilies, viz. sulfadiazine, 
suliame!iloxazole, su!futiilllL!thoxinc and suifadimidine 
i'ulluwing their oral adlllinistrati(ll1ll1 pllultry. The total area 
ullder the phlSllW t'(lllcclItratioll CUI vc (AU(') was 1526.30 
fig mil. hr. Thlls, the results of lhis stlldy revealed marked 
dii'l'crenccs in the kinclk hellavj()lll' of slllfadoxine III 
ctllllpurisol1 to othcr su I fa lH 1I1 mil's III pmlltry. 
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The present experiment was conducted to study circulatory 
levels of seruln proteins in prepartl1rient Fz generation 
crossbred cows and its Po generation calves with a view to 
have a reference base of the circulatory protein profile among 
the neonatal and prepubertal crossbred female caives having 
87.5% exotic genotype with reference to its dam of P2 
generation having 75.% exotic genotype in tropical climate. 
Six crossbred cows (Friesian 75% x Hariana 25%; 
inseminated with frozen setnen) at 280 days of gestation as 
verified from AI date and its crossbred (Friesian 87.5% x 
Hariana 12.5%) female calves were selected trom animal herd 
of Animal Production Research Institute, Pusa, Bihar, T11e 
newly born female calves were allowed to suck colostrum 40 
to 60 min after birth and, thereafter, they were allowed to 
suck milk for 3 min twice daily at 12 hr intervals. The calves 
started to take in feed and fodders between day 15 and 20 
after birth. 

Jugular venous blood from each pregnant cow (at 280 days 
of gestation) and female calves at30 to 40 min (before feeding 
colostrum), 120 min and 360 min (after feeding colostrum), 
on day 1, 2, 3,4, 5, 10, 15,20,25,30, and also at 4 to 5 
months and 10 to 11 months after birth were collected. Serum 
was harvested from all the samples and biochemical 
constituents were analysed in fresh serum on the day of blood 
collection. The total serum proteins, albumin and globulin 
were estimated by using diagnostic kits. The statistical analysis 
to find the effect of age and sample variation was done using 
analysis of variance (Snedecor and Coclu'an 1967). 

The data of serum protein, albumin and globulin are 
presented in Table 1. The total serum proteins and globulin 
in prepatturienl cows were higher (P<O.Ol) than its calves at 
birth while these were lower (P<O.Ol) than the calves of 4 to 
5 months and 10 to 11 months of age. The serum albumin 
concentration ranged from 2.31 ±O.Ol g/d! to 3.00±O.17 gl 
dl from birth to 72 hr. The value increased (P<O.Ol) on day 
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Table 1.Total serum proteins, serum albull1l11 and serum globulin 
in crossbred cows and calves 

__ --" _~_.~_._.-~ _____ M~ w __ ~"~ r __ , 
___________ w_~ __ ~ 

Animals Toral serum Serum Serum 
protein albumin globulin 
(g/dl) (g/dl ) (g/dl) 

~,--~ ........ -------- ......... ---
Preparturient 
Cows 6.78 ±0.76 2.26 :b0.07 4.51 ::1:0.79 

Neonates 
30-40 min before 4.58 :b0.04 2.83 :1::0.02 1.750:1:;0.02 

feeding colostrum 
120 min after 5.60±t0.13 2,31 ±to.Ol 3.28 :1:0.10 

feeding colostrum 
360 min after 5.68 ±0.23 2.36 :1:0.06 2.31 :1:0.19 

feeding colostrum 
Day 

Day 1 6.l6:b0.80 2.65 ±0.18 3.51:1:0.66 
Day 2 8.03 :1:0.40 3.00 ±0.17 5.03 :1:0.71 
Day 3 9.75±0.72 3.00±0.17 6.75±0.67 
Day 5 17.31 ±O.94 3.78 -1::0.26 13.53 ±0.77 
DaylO 13.60:1:].20 2.58 :!-0.24 11.0):1:1.17 
Day 15 13.76;1:],23 2.80 :to.OS 10.96,1;],23 
Day 20 8.50±0.66 2.78 ;1;;0.03 5.71 ±O.Sl 
Day 25 9<81 ±0.D7 2.80 :1:0.05 7.01±2.13 
Day 30 7. I 0±0.55 2.73 ::1:0.26 4.36±0.40 

Months 
4·5 9.03 ::1:.0.56 2.66:1:0.12 6.36 ±0.47 
10-11 9.98 ±0.20 3.01 ::1:0.19 6.96 :1:0.29 

5, thereafter, it again decreased 011 10th day (P<O.05) and 
20th day (P<O.O 1) mailltained at similar value up to 30th day. 
The senlm albumin concentration in preparturienl cows and 
calves of 4 to 5 months was similar while it was lower (P<O.05) 
than the serum albumin recorded in calves at birth and 
between 10 and 11 months of age. Following feeding 
colostrum the total serum protein and serum globulin 
increased from 2 hI up to third day. Three to four times 
increase in serum protein occurred on 5th, 10th and 15th day 
was associated with 6·to 7 -times increase in serum globulin 
on respective day. TIlereafter, the values declined significantly 
(P<O.Ol). 

The total serum protein recorded in preparturient cows of 
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present experiment was lower (Ghosh et al. 1991) but 
comparable (Dutta and Dugvekar 1983) to the total serum 
protein concentration during advanced stage of gestation in 
cows. The total proteins and globulin determined in calves at 
birth in our experiment was lower than the total serum protein 
and globulin reported earlier in purebred calves of identical 
age (Kaneko and Mills 1970). The pattern of total semm 
proteins, albumin and globulin recorded from birth to day 3 
in calves were similar to those recorded in cow (Kurz and 
Willett 1991) and buffalo calves (Joshi et ar. 1993). 

The increase in total serum proteins and globulin on fifth 
day after birth in calves was similar to the increase in selum 
globulin concentration within 3 days after birth among 
crossbred calves (McMurray et al.1978). The increase in total 
serum globulin between 5 and 20 day after birth might be the 
consequence of the fact that calves after developing a 
completely aseptic uterine environment got exposed to the 
environment rich in microorganisms after birth and/or 
possibility to ingest some unidentified organism through 
sucking of teats and ingestion of different types of proteins/ 
epithelial cells and other antigens through colostrum. Thc 
above factors probably had cumulative effect to synthesize 
increased amount ofimmunoglobulin by the immune system 
of the neonatal calves and produced primary immune response 
to combat the situation ill new born calves as confirmed earlier 
(Tizard 1996). Besides, the newborn calves having senlm 
globulin less than 2 g/dl at birth have synthesized more serum 
globulin than the calves having more than 2 g/dl serum 
globulin at birth (Gaikwad et al.1992, Lamotte 1977, Sridhar 
el al.1988). Such. mechanism to synthesize more 
immunoglobulins by hypogammaglobulinemic calves by 1-
week -old supports the increase in serum globulin 
concentration b:!tween day 5 and day 15 in calvcs of present 
experiment as these calves were also having lower globulin 
(1.75 ±0.02 g/dl) at birth (Table 1). It has also been confimled 
that the youngs of domestic animals are capable of mounting 
primary immune response with a prolonged period, and 
hypogamaglobulinemic calves at birth begins, to synthesize 
their own immunoglobulins by about 1- week of age (Devery 
et at. 1979, Roy 1980, Tizard 1996). The above possibility 
have been confirmed if the different fractions of globulin 
would have been estimated. The value of serum proteins, 
albumin and globulin recorded in calves [rom birth to 20 day 
(Swenson and Reece 1996, Schalms et a1.1975) and day 20 
to 11 months of age (Gaikwad et a1.1992, Kitchenhal11 et 
a1.1975, Kurz aIld Willett 1991, Rckwot et al. 1989) were 
similar to the protein, albumin and globulin determined at 
respective age in calves. 

ACKNOWLEDGEMENTS 

Authors thank the Dean.cum-Pl'incipal, Bihar Veterinary 
College, Patna, and Director (Research), Rajendra Agricultural 

university, Pus a, Bihar for providing adequate facilities. 

REFERENCES 

Devery J E, Davis C L and Larson B L. 1979. Endogenous production 
of immunoglobulin Ig G in new bom calves. JOlll'llal of Dairy 
Science 62: 18/4-18. 

DuttaJ C and DugvckarY G. 1983. Blood glucose and serum protein 
levels in cows retaining foclal membrane. Indiall Journal of 
Animal Rcproduction 3: 80. 

Gaikwad N Z, Deshpande S D, Bapat STand Dcshpande B B. 
1992. Certain blood biochcmical constitucnts 111 Jersey x Red 
Khal1dhari cattle with reference to scx. Indian Journal o/Dcury 
Sciellce 45: 626-27. 

Ghosh P P, Choudhury R, 8andopadhyay S K, Sanyal S, Haldar S 
and Ghosh 8 8. 1991. Blood glucose and protein levels in 
crossbred cows during pregnancy. lltdian Joumal (ljAgricu!ture 
Research 12: 165·66. 

Joshi V 8, Saini S S and Sodhi S S. 1993. Serum protem and 
immunoglobulin profile in colostrum fcd and colostrum deprived 
buffalo calves. Indian Veterinary Medical Journal 17: 47-52. 

Kaneko J J and Mills R. 1970. Haematological and blood chemical 
observations in neonatal normal and porphyric calves in early 
life. 'f1,e Comel! Veterillaria 52: 60. 

Kitchenham B A, Rowlands G J, Manston R and Dew S M. 1975. 
The blood composition of dairy calves reared under conventional 
and rapid growth systems. British Veterinary Jot/l'fw/131: 436-
45. 

Klll'? M M and Willett L B. 199 t. Carbohydrate, enzyme and 
hematology dynamics in new born calve~. JOUl'llul of Dairy 
Science 74: 2109-18. 

Lamotte B. 1977. Total serum protein, serum protein fractIOns and 
serum immunoglobulins in colostrum fed ~md colostrum deprived 
calves. American Jou/'Ilul of Vetcrinary Re.\·clII·clt 38: 263·67. 

McMurray C 1I, Logan E F, Mc Parland P J, MCfory F J and O'neill 
D G. 1978. Sequential changes in some blood componcnts 111 

the norm,ll nconatal calf. Hrilish Vetel'illlln' JO!l/'l1ol 134: 592-
97. 

Rekwot P I, Oycdipe E 0, Aken:jla 0 0, Voti A A Jr and Dawuda 
PM. 19!19. Serum biochcmistry ofi'ebu bulls und their Friesian 
crosses fed two planes of protein. British VC'/C'rillcIIY Journa( 
145: 85-88 

Roy J H 8. 1980. Disease preventIOn III calves. Factors affecting 
susceptibility of calves to disease. Journal 0f/)ail:I' ,""('WI/CO 63: 
652-54. 

Schalm 0 W, Jain N C lind Carrol J E. 1975. Vell'I'lIlClI'Y 

Ilaelllat%gy. 3rd cdn. Lee (l11d Fcbiger, Philadelphia. 
Snedccor G Wand Cochrull W O. 1 <)67. Statt.\·tIC(11 Met/ultls. 6th 

edn. Oxford and um Publishing Co., Delhi. 
Sridhar, Pachauri S P and Kumar R. 1988. Ilaematobioehcmical 

changes in calves during neonatal life. Indian .!ollmal (~rAnimal 
!fealtll 27: 105-08. 

Swenson M J and Reece W O. 1996. Duke's Physiology o/Domestic 
Animals. Illh cdn. 1 st Indian Reprint. Punima Publishing 
Corporation, New Delhi and Banglorc. 

Tizard T R. 1996. VClel'illary Immllll%gy.Sth ed, pp. 237"50 W B 
Sounders Co., A Division of Harcourt Brace and Philadelphia, 
London, Toronto, Montreal, Sydney, Tokyo. 



Indian Journal of Animal Sciences 70 (4): 403-404, April 200Q 

Circulatory level of follicle stimulating hormone (FSH) in Murrah buffalo 
heifers (Bubalus bubalis) 

C SINGHI and M L MADAW 

National Dairy Research Institute, Kamal, Haryana 132 001 

Received: 7 July 1999; Accepted: 27 September 1999 

Key wor(!s: Buffalo heifers, FSH 

Information is very limited on endocrine profile in 
prepubertal buffaloes. n is not established whether in buffaloes 
the expression of f11'st oestrus is delayed due to inadequate 
growth rate, poor oestrus expressivity at the start of the ovatian 
cyclicity, incoordinationofhypothalmo·hypophyseal.gonadal 
axis or due to poorly developed receptors at pituitary and 
ovarian level. The estimation of circulatory level of 
hypophyseal hormone at different ages of buffalo heifers will 
indicate the release pattern of this hormone from prepubertal 
to' pubertal and late maturing buffaloes and relate the 
concentration of hypophyseal hormone with onset of puberty. 
The present experiment was conducted to study the circulatory 
level offollicle stimulating hormone (FSH) in Murrah buffalo 
heifer (Bubalus bubalis) of different age groups. 

N on-cycling Murrah buffalo heifers (6) at each age grcmp 
of 12 months and 24 months while 5 heifers of 30 months 
and 4 heifers of 42 months (late maturing) were selected from 
institute's herd. A potent teaser bull with trained attendant 
was used 6 Itr daily from the day they attained their particular 
age to dctect the oestrus. Genitalia were palpated per rectum 
to observe Qvarian condition. Blood samples were collected 
from each animal through jugular catheter between 7.00 AM 

and 9.00 AM once daily on day 0 (the day when animals 
attained its particular age), 3,5,7,9, 13, 18 and 21 in chilled 
heparine-trcated test lubes. Plasma was separated and 
prescrved at --20°C for estimation ofFSH. FSH was estimated 
by sensitive radioimmunoassay within 30 days of blood 
collection. The radioiodenation of FSH using chloramin T, 
its radiochromatography of labelled preparation and 
radioimmunoassay ofFSH was carried out (Singh and Madan 
1998). The sensitivity of FSI-I was 0.08 ng/tube. The intra
and inter-assay coefficient of variation for FSH were 4.5% 
and 4.9% respectively. Pair T tcst and two-way analysis of 
variance to compare the difference of means of hormone 
between the samples and groups of animals were obtaitled 
(Snedecor and Cochran 1967). 

Ptesent address: I Sci en tist, lVice-Chancellor, M AU, M aharashtra. 

The genitalia of all heifers were n0n11ally developed and 
heifers were not detected in OeSQ11S at stmi of blood sampfing. 
The circulating plasma FSH concentratioll (mean ±SE) in 12 
months and 42 months old buffalo heifers was significantly 
lower (P< 0.05) than 14 months and 30 months. However, 
FSH values between 12 months and 42 months and 24 months 
and 30 months old heifers were nearly identicaL 

The age of puberty in buffalo is highly variable and 
depends on breed and different climatic conditions. However, 
in India the age ofpuberly in Murrah buffaloes ranged from 
2.5 to 3.5 years (Madan and Raina 1984). The significantly 
higher plasma FSH level in 24 and 30 months of buffalo 
heifers than 12 months heifers indicate that sexual manll'ation 
of buffalo heifers requires the elevation ofFSH in circulation. 
Our observation also get support from earlier report on cattle 
heifer that content of FSH in pituitary tissue (Desjardin and 
Hafs 1968) and in circulating blood (Gonzalez-Padilla et al. 
1975) remain stable at lower level during prepubertal stage 
and the event of sexual maturation are associated with 
elevation ofFSH in circulation of sheep (Foster et 01. 1975) 
and cattle (Desjardin and Hafs 1968). The significant higher 
plasma FSH concentration in 24 months and 30 months than 
in 12 months buffalo heifers in present experiment revealed 
that buffalo heifers at 24 months of age reached at certain 
stage of sexual maturation when ovarian feed back action 
initiates the events of onset of puberty in coordination with 
hypothalamic-hypophyseal axis, since a significant increase 
in circulatory plasma FSH concentration associated with 
follicular development and resumption of sexual cyclicity in 
mature buffaloes (Razdan et aJ, 1984, Galhotra et aI, 1985) 
has been reported. The FSH level observed in 24 months and 
30 months buffalo heifers are similar to the basal FSH 
concentration in paroqs Murrah buffaloes during postparhlm 
when follicular activity is suspended (Palta and Madan 1995). 
This suggests that FSH concentration recorded in 24-and 30-
month-old buffalo heifers has reached at higher threshold of 
secretion akin to parous buffaloes, though not in full measure 
to activate the hypothalamic·hypophyseal and gonadal axis. 

The lower plasma FSH concentration in 12-month and 42· 
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Table 1. Circulating levels of follicle stimulating hormone (ng/ml) 
in buffalo heifers (Bubalus bubalis) 

bay of 12 Months 24 Months 30 Months 42 Months 
Slllnple (6) (6) (5) (4) 
----
1st day 7.64±0.36 1.27:l: 0.98 11.32 ± 0.54 7.43 ± 0.83 
3rd day 6.91 ± 0.15 11.27 ±0.45 11.06 ± 1.08 7.22 ± 0.67 
5th day 7.32 ± 0.65 1 1.12± 1.12 10.00 ±0.4 8.13± l.09 
7th day 7.86 ± 0.67 11.43 ± 0.60 10.85 ±1.1 7.86 ± 0.85 
9th day 8.16 ± 0.26 10.45 ± 0.90 11.49 ±0.46 6.81 ± 0.85 
13th day 7.38 ±0.35 11.25 ± 1.37 11.88 ± 0.86 7.58± 1.03 
18th day 7.89±0.81 10.62±1.14 12.23 ±1.77 7.54::1: 1.23 
21st day 6.83 ± 1.37 10.45 ± 1.13 1 I.G9 ± 1.48 7.59 ± 0.91 

Figures in parentheses indicate number of animals. 

month-old buffalo heifers might be because of either poor 
maturation or incoordination of the hypothalamo-hypophyseal 
axis as tl1jC major cause for reduced secretion of hypophyseal 
hOlmone and delayed puberty has been ascertained to be the 
incoordi1;ation Or dysfunction of hypothalamic-hypophyseal 
axis (Wilson and Foster 1985). 

The difference in basal circulating gonadotrophin level 
observed among buffalo heifers of different age groups 
indicated that process of sexual maturation of buffaloes was 
associated with increase inFSH release up to 30 months of age. 

However, a possible lack of intrinsic hypothalamic
hypophyseal interplay reSUlting in lower secretion ofFSH was 
observed in late maturing buffalo heifer of 42-month of age. 
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The present study was planned to see the effect of 
Sarcoptes scabiei ill experimen1al infection 011 clinical signs 
and histopathological changes of skin in pigs maintained at 
Pig Breeding l'ann of Ranchi Veterinary College, Ranchi 
(Bihar), Before experimental infection of pig, infected 
scraping materials were collected from the natural cases 
coni1nned for S. scabiei, Hairs from the selected site were 
clIpped and then slightly scratched both horizontally and 
transversely with the pointed edge of scalpeL The infected 
scraping materials containmg tlle adult mites of both sexes 
and their developing stages were appUed at the site. Few drops 
of tap water sprinkled to the site to keep the scrapings 
remained adhered to the site of application, The applied 
scraping materials were loosely covered with the pieces of 
bandage attached to the body with adhesive tape. On third 
day observation was made to know the establishment of 
infection at the site, Daily observations were made to study 
the progress oflesion. course and clinical signs oftlle disease, 
From 14th day orihe infection, the lesions were studied. Skin 
biopsies were taken from the site of infection and 
histopathological changes were studied (Culling 1963) on 
appearance of elinicalmunge infections, 

The prescnt investigation also included 223 pigs naturally 
infected with sal'eoptic mange and showing the elinical signs, 
Therc was a marked irritation with intense itching and 
scratching, exudation from inflammatory parts, Later, 
excessive keratinisation and proliferation of connective tissue 
lead to thickening and wrinkling of the skin, Loss of hair, 
thick brown scab, scratching ane! biting were the comlUon 
clinical observations seen ill the study, as reported by Blood 
et ai, (1994), The maximul11 nun1l;>er of cases were observed 
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in February to March, 
In experimental infection, 011 third day the lesion developed 

with marked keratinisation of skin and crust formatIon atlhc 
site, The infection was localized and progressIve, Pruritis, 
itching, biting at the site and scratching of the body were 
observed, Slow progressive development or lesion all over 
the bGldy was also seen, On 14th day ofinfectioll, genwiJised 
lesions were obSell'vedand apPl;lrentclinical signs were marked 

Fig, 1, Microphotograph showing magnined view of hair follicle 
infected with Sal'90ples scab lei, 
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on 17th day onwards. Similar clinical observations were made 
by Penny and Muirhead (1986). 

The histopathological study of infected skin biopsy 
revealed different stages of mite in stratum corneum. Bunches 
of ova were seen in superficial horny layer of epidermis. Few 
mites were also observed in stratum malpighii. Similar 
observations were reported by Sahai et al. (1984) and Morsy 
ef al. (1989). Tn epidermis varying degree of changes like 
hyperkeratoses, acanthosiS of parakeratosis were observed 
under the microscopic etaminations of histopathological 
slides. Other changes like mononuclear cell infiltration of 
inflammatory cells were observed. There was hyalinization 
of the stratum corneum w11ere mites were located. At places 
dysplastic reactio11 was ot>served in the stratum malpighii. 
Occasionally, the mites penetrated into the dermis and 
localised in the hair follicles (Fig.l). 

In the case of investigation, fungi, viz. Trichophyton 

mOlltagrophytes, Cc/1zadida spp. and Altel/(/l'l~\' spp. were also 
isolated. 
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Safe delivery and expulsion offoetal membrane have great 
influence on the overall production and reproductive efficiellcy 
ata female.lIriam1aticm aIr parturitiaIr characteristics a{B1({ck 
Bengal goats Ismeagre. An attempt was made to study different 
physical parameters and behavioural symptoms during 
paliurition. 

Pregnant Black Bengal goats (40; flIst to fourth parity) of 
the institute goat farm, due for kidding Were carefully watched 
10 days before the expected date of parturition. Symptoms of 
approaching parturition and during the different stages of 
parturition were watched carefully from a distance so that 
the animals were not disturbed. The duration of kidding \Vas 
arbitrarily divided into 3 stages. The period from the beginning 
oflabour to mpture of water bag was considered as first stage. 
The period from the mpture of water bag to expulsion of 
foctus was considered as the second stage ill the single bitth 
and in multiple birth, the second stage (anged from mptl.lre 
of first water bag to the expulsion of last foetus. The third 
stage starts from the expulsion of the frrstllast foetus to the 
dropping of the placenta. Sex, presentation of foetus, type of 
kldding and weight of the placenta were recorded. Data were 
analysed statistically (Snedecor and Cochurn 1967). 

The symptoms of approaching parturition included 
restlessness (90%), pronounced development of udder 
(92.5%), relaxation and loosening of sacrosciatic ligaments 
(82.5%), widening and swelling of vulva (97.5%) &l1d vaghlal 
mucus discharge (50%). The symptoms of parturition were 
almost identical to that reported by Verma et ai. (1990 a, b). 
However, symptoms like loss of appetite and segregation from 
the flock were seen in 10 and 40% cases, respectively. 

Most of the goats exhibited symptoms like restlessness, 
bleating, sitting down and getting up, looking back and loss 
of appetite during the first and second stage of parturition. 
Observations o[Verma et al. (1990 b) and John (1990) are in 
agreement with the present findings. During parturition 6S% 
goats assumed sitting position whereas 35% kept standing. 
During third phase, 90% animals showed restlessness and 

Present address: 1.2Scientist. 

bleating was observed in 15% animals. The symptoms might 
be due to individual difference, breed and topography 
(Bhattaclraryya etal. 1983, Kurid:ase etal. 1983). Farmale 
birth, mean duration offirst, second, third stages of parturition 
and total duration of parturition was 91.7±6.22, 17,48±2.04, 
132.52±9.78 and 241.7±10.41 min, whereas in female birth, 
it was 94.17±8.09, 16.08±1.89, 122.16±12.53 and 232.42 
±15.84 min respectively. The difference was nonsignificant 
though more time was taken by the male kid for partUrition 
than female. The mean time taken in single birth for first, 
second, third stage of parturition and total duration of 
parturition was 93.05±7.68, 16.63±1.86, 127,34±7.35 and 
237.13±11.54 min, whereas in twin kidding it was 
98.85±17 .61, 18.62±3.15, 134.61±22.38 and 252.07±30.62 
respectively. Out of 40 kidding 1 triplet kidding was recorded 
and the time taken for first, second, third stages of parturition 
and total duration of parturition was 102, 25, 129 and 256 
min respectively. In general, more time was taken for twin 
and tTiplet kidding than single kidding but there was no 
significant differences between dUl'atioR of single and twin 
kidding which is in agreement with the report of Verma et al. 
(1990 a) in local goat of Madhya Pradesh. Kuriakose et al. 
(1983) reported that more time was required for completion 
of parturition in the twin or mUltiple births as compared to 
single birth because expUlsion of single foetus takes less time 
than the expUlsion of consecutive foetuses. Out of 63 kids 
born in 40 kiddillgS, 5 (7.94%) kids were born with posterior 
and 58 (92.06%) with anterior presentation, which is nearer 
to nom1al presentation (Jindal 1984). The average weight of 
placenta was 224,46±5.36, 398.13±6.96 and 495 g in single, 
twin and triplet births respectively. Single, twin. and triplet 
kidding percentage were recorded as 45, 52.5 and 2.5, 
respectively, which clearly showed the tendency of more twin 
kidding and this observation was supported by Singh (1980). 
Male and female kid ratio was recorded as 4: 5. 
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ABSTRACT 

Tnc ef6ciency of sire evalua(ion mert\oa's l'n orga.nized' nerc{ wiln sma[{ progeny group sl'ze was examined' a (ong witn 
performance evaluation of crossbred cattle. The data on 1 224 first lactation performance records of Karan Fries (Holstein 
Freisian x zebu) cows born out of 129 sires and spr()ad over 21 years were used to examine the efficiency, accuracy and 
repeatability of 5 sire evaluation methods, viz. simple daughter average index (I), contemporary comparison method 
CCC), least squares method (LSQ), simplified regressed least squares method (SRLS) and best linear unbiased prediction 
(BLUP). The least squares of variance showed that genetic group had hig~ly significant (P<O.Ol) effect on age at first 
calving (AFe), first lactation 305-day or less milk yield (30SMy) and first I~ctation total milk yield (LTMY). The season 
of calving had highly significant effect On 30SMY, LTMY, first service period (FSP) and first calving it;Iterval (FCI). The 
period of calving had highly significant effect on 305MY, FSP, and FCr. The Cc method WaS obs!;rved to be the most 
efficient sire evaluation method and I the least efticl~nt. The FI (HF'x Tharparkar) crosses had highest 30SMY among all 
the genetic groups. The rank correlations of CC method with other 4 methods ranged between 0.77 with SRLS and 0.85 
with BLUP. The repeatability of sires' breeding value estimation in CC, LSQ, SRLS and BLUP was lower with Jess 
number of progeny record (5-8), however, increased with the increase of progeny grOLIp size. 

Key words: Breeding value, Crossbred cattle, Sire evaluation method (SEM) 

Serious limitation of using advanced sire evaluation 
methods exists in India because most of the progeny testing 
programmes are limited within organized farms with small 
herd size resulting small progeny Ilumber/sire. Besides this 
spread of data over a longer period is another important 
limitation in estimating sire breeding values. The infomlation 
on the efficiency of various sire evaluation methods, ch<\nge 
in accuracy of sire evaluation with the change of progeny 
group size, evaluation of the phenotypic performance of 
crossbred cattle and the suitability of sire evaluation methods 
in organized hcrd condition was meagre. Hence present study 
was designed to evaluate breeding value of bulls beSides 
genetic parameters on the number of progeny available. 

MATERIALS AND METHODS 

The present investigation was carried out on Friesi&n x 
zebu crossbred cattle (Karan Fries) maintained at the National 
Dairy Research Institute (NDRI), Kamal. The data Comprised 
1 224 first lactation performance records of Karan Fries cows 

Present address: IScientist, National Bureau of Animal Genetic 
Resources, P.O. Box 129, Kama1132 001. 

2246 Old Housing Board Colony, Sector 13, Kama! 132 OOL 

born out of 129 sires and the data were spread over 21 years 
from 1974 to 1994, 

The animals were classified into 5 genetic groups, viz. (i) 
HT (FI: Holstein x Tharparkar), (ii) HS (FI: Holstein x 
Sahiwal), (iii) HJT (Holstein (50%) + Jersey (25%) + 
Tharparkar (25%), (iv) HBT (Holstein (50%) + Brown Swiss 
(25%) + Tharparkar (25%), (v) KF (crossbred-inter se mated). 
The year was divided into 5 seasons based on climatological 
factors, viz. winter (December-January), spring (February
March), summer (April-June), rainy season (July-September) 
and autllmn (October-November). 

The data utilized for the present study were spread over 
21 years. TIlerefore, there might be difference in performance 
of animals from year to year due to the change of various 
nongenetic factors like feed and fodder availability, 
management practices and environmental factors. However, 
the variation might not be significant enough to detect the 
effect of each year separately because of small number of 
records available per year. Therefore, all the data were 
grouped into 7 periods taking 3 years in each period. This 
was done with the aim to minimize within period valiance 
and to maximize between period val'iatiol1. 

TIle effect of various factors like genetic group, period 
and season of calving on various tirst lactation production 
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and reproduction traits of Karan Fries cattle were studied to 
ascertain the contribution of these factors towards variability 
in various economic traits. The data were subjected to least 
squares analysis as described by Harvey (1990). The 
mathematical model used to study the effect of different 
factors was as follows. 

Y = J.L + 8 + P + G + B, + b ex. kl -A) + e"kl ............ (i) 
I)klm I) k '. I) ~ .') m . 

Where, Yi kIm is the observatlOn assocIated wIth mth anImal 
Ofl'h sire ofkth genetic group in thejth period and ith season; 
].l is population mean; S is the effect of ith season; Pj is the 
effect of jth period; Gk is'the effect ofkth genetic group; BI is 
the effect of lth sire; b is the regression of Y on age at first 
calving eX); XiJklm is age at first cal~ing correspo~ding to Yijklm; 
A is the average age at first calvmg, and e'jkhn IS the random 
error associated with mth observation assumed to be NID (0, 
rs/), 

Sire evaluation methods (5) were llsed to estimate the 
breeding value of sires. The record of sires having at least 5 
or more daughters with first lactation recorded was used for 
sire evaluation. The method used were simple daughter 
average index (I), contemporary comparison method (eC), 
least squares method (LSQ) (Harvey 1990), simplified 
regressed least squares method (SRL8) (Harvey 1979) and 
best linear unbiased prediction (BLUP) (Henderson 1973). 
The 1 and CC method was followed as given by Jain and 
Malhotra (1971). In LSQ method the mathematical model 
used was as described in equation (i) where, season, period, 
genetic group and sire effect was considered as fixed variable 
and age at first calving was taken as a covariable, 

In SRLS sire's breeding value was estimated as: 
0'2 

S =' - s 8, 
s 0'2 +A.O'2 

s \\ e 

where,8 or S. are breeding value of ithsire by SRLS and 
s, 2 d' . d LSQ method respectively; O" s an O'''c are SIre an err"l 

variance respectively obtained by LSQ method; All was 
diagonal element of the inverse of the coefficient matrix 
corresponding to its sire. 

In BLUP the mathematical model used was Stlllll.: as in 
LSQ except the sire effect was taken as random. The 
effectiveness of sire evaluation method was judged using 2 
criteria, (i) efficiency i.e, inversc of error (within sire) 
variance, and (U) rank correlation among variolls methods. 
The simple correlation among the breeding values estimated 
by various method were also calculated. The repeatability of 
sire evaluation methods were estimated tiS correlation between 
breeding values estimatcd laking variable progeny group sizes 
with that of 'true breeding value' (based on 15 or more 
progeny record) by the same method. 

RESULTS AND DISCUSSION 

The least-squtlres means for first lactation economic tralls 
and standard errors of variolls sub groups arc presl:ntcd ill 
Table I, 

Age atfirst ('(llving (AFC) 
1110 effect of genetic group was highly significant (P<O.() 1) 

011 age at first calving, The tlgc at first calving was minimum 

Table 1. Least squares means for first lactation production and reproduction truits in Karan Fncs catt](~ 
-----_ ... --~-----... --.- -_. -~'... "_, ~ ",' 

Effects AFC (days) 305-MY (kg) LTMY (kg) FI.t (days) FSi' (day~) I'DI' (,.hIYs) 
____ ._~ ___ ~H • ___ ~ ___ ._~~ __ 

Overall 968.5±7.9 (1224) 2919.2±44.7 (1212) 3338. 1±69.5 (1196) 343.7±S.R (11%) 127.5:16.1 (%5) 1I.'i.112 I) (%4) 
mean 

Genetic group 
HT 
KF 
HS 
JUT 
HBT 
Season 
Winter 
Spring 
Summer 
Ramy 
Autumn 

Penod 
1974·76 
1977·79 
1980-82 
1983-85 
1986·88 
1989·91 
1992·94 

856,9±17.5' (119) 3549.2±99.I' (119) 3956.7±153.4' (119) 
987.1 :1:5.3 II (908) 310\.O:l:33.5b (892) 3590.8:1:5\ .9 h (878) 
1058.9±20.1' (57) 2730.1±113.6' (67) 2951.0±176.0' (67) 
935.5:1:15.4 d (83) 2585.0:1:87.4' (82) 3065.6±136.0' (81) 
1004.2±18.0b (57) 2630.5:1:106.5' (52) 3126.6:1:166.3· (51) 

971.3:1:10.6 (263) 3042.7±56.9' (291) 3412.9:1:88.4" (289) 
978.2:1:10.9 (224) 2836.1:1:53.9 b (335) 3394.2±84.1 '(328) 
970.9:1:10.8(251) 291\.7:1:57.4"'(311) 3476.1±89 S' (307) 
964.5±9.9 (323) 2798.1±70.9 b (155) 3098.3±110.l b (154) 

957.8:1:12.3 (163) 3007.2:1:77.0" (120) 3309.1±120.0·" (118) 

966.0:1:13.8' (ISS) 3017.8±85.3" (138) 
!O35.0±10.6 b (178) 2800.2±65.0'" (132) 
1043.7:1::12.0 b (190) 2713.2±68,3 b (202) 
974.9:1:13.4' (211) 3038.0:1:77.6' (213) 
888.5:1:13.6' (192) 3031.5:1:79.6'(19R) 
966.6± 13.6' (207) 2917.3:1:85.2" (163) 
904.9:1:17.0 11 (91) 2916.2±83.7·1C (168) 

3383.3:1:132.0 (138) 
34857:1:100.6 (132) 
3309.9:£:106.2 (200) 
3391.4:1:120J (213) 
3454.4:!:123J (196) 
3229.8:1:132.0 (163) 
3112,5:1:132.2 (154) 

32H.6:l:J2.7 (II I)) 
351.4:1:4.3 (878) 
320.2± 14.6 (67) 
359.5:1: 11.3 (HI) 
359.().l-:l:\.\l (51) 

33S.5±7.3' (289) 
357.9.1;7.0 h (328) 
362.4:1:7.4 to (307) 
326.9:1:91' (154) 
336.0:1:9.9' (118) 

122.9112.3 (IOH) (il.H I (d) (1.'i5) 
139.41·4.4 (714) 70.4121(71\;\) 
113.'JI15.2 (51) 71.'H.7.3 (5.1) 

13H.7112.4 (5H) (I.U, ~.'i I) (flO) 

122.(H·}5.7 (.14) 57.71'77 (.'J) 

116.2'17.5" (241) 6.'\.71.3.7 (242) 
139 817.5 h (254) MOl)" (N')) 
158.I:L7.')h (246) 72.4U.~ (2.1'1) 

116.7:[95' (127) 110114 h (12H) 
1()6.6.~10.3"(1)7) (ll.4I:iO(')(I) 

350J±IO.9"' (138) 114.9:1:11.1" (11(1) 62.2·t5J (125) 
38I.1±8.32h (132) 156.4.1-8.7' (107) 6S 614.2 (107) 
366.9:1:8.8b' (200) 149.1:1:9.3)' (142) 60 8M.5 (144) 
335.8:1:10.0' (213) 1 19.8.~10.4·h (167) 60 !1I5.0 (I6l:!1 
340.3:1:10.2' (196) 126.H·J:IO.4·11 (174) ()S.Ot5 I (lhH) 
321.9:1:10.9,,1 (163) 114.9±11.4' (128) (1).21:5.6 (125) 
309.8±10.9 1i {IS4) 110.7:l.;11.3'(131) n.O~5.5 (\27) ----" -.----------_ .. _-_._. __ ._,.._._--_. -,,~,. -.- -- ... -

Means with similar superscripts do not differ significantly (P<O.()S) from each other. 
Figures in the parentheses are humber of observations. 

H'I (day~) 

·lOt, ~t(d) «()()(l) 

,~()() :! 1 12.2 (116) 
·121 I !.I.\l7(3) 
,lOll 111.'i 0 (53) 
·11 (j K I 12 I ((10) 

.\'):i 5115 h (~4) 

.II)(, ·11'/ :,., (2·D) 

.IIK Hl7 510 (241)) 
41H 4177" (249) 
Jlll.!! I I) Y (129) 
JH7.4HO.1" (96) 

,1()(l.U10 \)., (12/1) 
4.15.():H!.6 h (108) 
429 9.l9 Jh (144) 
JI)9 O:l:10.3 I (168) 
403 l).iIO 4" (1()8) 
3CJJ 0:1:11.4' (125) 
3t)()4:!:113 J (l27) 
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. 
, (856.9:1:17.5 days) in HT (F

J
) crosses and maximum 

(l058.9±20.1 days) in HS crosses. The change of AFC in 
crossbred cattle with the change 0 f exotic breed and level of 
exotic inheritance was also reported by Gill (1979). Parmar 
et at. (1984) observed that haHbreds had the lowest age at 
first calving. Similarly, the effect of exotic inheritance level 
on AFC was found to be significant by Reddy and Basu 
(l985). 

The season of birth of the animal did not show any 
significant effect on age at first calving. Similar non
significant effect ofseasoll of birth on APe was reported by 
Polastre et al. (1987). On the contrary, Singh et al. (1989) 
reported that AFC was significantly affected by season of 
birth of the animal, 

'TIle effect of period of birth was highly significant (P<O.Ol) 
on APC in this study. The animals born during 1990-1992 
had the lowest APC. Significant effect ofperiod on AFC was 
also reported by Chaudhary et ai. (1994). 

3US-day or less milkyield (305MY) 
The genetic group was observed to h&ve highly significant 

effect (P<O.Ol) on ftrst lactation 305~day or less milk yield. 
The HF (F j ) crosses had highest average 305MY, The 
imported semen of progeny tested HF bulls were used to 
produce F J animals. This might be the reason of highest 
305MY in Fl animals. The HIT crosses had lowest 30SMY, 
Jadhav et al. (1991) and Dart and Joshi (1992) reported highly 
significant effect of genetic group on first lactation 300-day
milk yield. Jadhav et al. (1991) observed that halfbred had 
highest milk production. 

TIle season of calving had significant (P<O,05) effect on 
305MY. This may be due to variation in availability of feeds 
and fodder and also the climatic factors in different seasons. 
The highest average milk production was found in those 
animals which calved during winter and, similar level of milk 
production was also found in animal calved in autumn, The 
animals those calved in rainy season had lowest 305MY. 
81111i1ar effects of season on 305MY were reported by 
Nagarcenkal' and Rao (1982), 

1110 period of calving had highly significant (P<O.O 1) effect 
on 305MY, TIle lowest average 305MY was found ill cows 
calved during 1980 to 1982, The highest average 305MY 
was in animal calved during the fourth period (1983-85), The 
period of calving, although had significant effect 011 milk 
yield, did 110i show any specific trend. 

Lactation total mIlk yield (LTMY) 
The effects of genetic group and seaSOn of calving were 

found to be highly significant (P<O.Ol) on LTMY. Similar to 
that of 305MY, HT (F) had highest and lIS crosses had the 
lowest L TMY. Singh et at. (1993) observed that genetic group 
had significant effect on first lactation milk yield. Similar to 
this study, the effect of genetic group waS found to be highly 
significant on lactation milk yield (Jadhav et al. 1991) and 
also observed thai balfbl'cds had higher lactation milk 

production. The results showed that animals those calved 
during rainy season had lower LTMY. However, the animals 
that calved in summer, winter, spring and autumn did not 
differ significantly as far as LTMY was conce111ed. Singh el 
al. (1981) reported that in HF x Sahiwal crossbreds, winter 
calvers had higher LTMY in comparison with the cows those 
calved in other seasons. 

TIle period of calving had nonsignificant effect 011 LTMY. 
Simi Jar nonsignificant effect on period of calving on L TMY 
was reported by Bast! et 01. (1979). 

First lactation length (FLL) 
The analysis of variance indicated that the genetic groups 

did not have significant effect on first lactation length (FLL). 
Milagres et al. (1988) observed that the breed of the animal 
did not affect the lactation length. Dalal at at. (1991) and 
Singh et al. (1993) reported that first lactation length was not 
significantly influenced by genetic group. However, Tajane 
and Rat (1989) and Jadhay et al. (1991) observed significant 
variation in lactation length in various genetic groups. 

The season of calving had highly significant (P<O.Ol) 
effect on Irrst lactation length. The animals that calved during 
SUtnlner had longest average FLL. The rainy season calvets 
had shortest FLL. Milagres et al. (1988) and Jadhav et al. 
(1991) also reported significant effect of season On FLL. 

The period of calving also had highly significant (P<O.Ol) 
effect on FLL. There was a gradual decrease in FLL over the 
periods. This may be due to improvement of reproductive 
management ofthe herd over the years. This was also evident 
from decrease in FCr of the animals over the years (Table 1). 
This had resulted into force drying the cows about 2 months 
before the next calving. The significant effect of years or 
period of calving on FLL was also reported by Tajane and 
Rai (1989) and Jadhav et at. (1991). 

First service period (FSP) 
The genetic group had nonsignificant effect on FSP. 

However, the season of calving had highly significant 
(P<O.Ol) effect on first service period. The animals calved il1 
Sllmmer had highest service period and the autumn calvers 
had lowest service period, The significant effect of season of 
calving on FSP were reported by Bhat et al. (1978), Due and 
Taneja (1984) and ladhav et al. (1991). Similarly the period 
of calving also had highly Significant effect on FSP. There 
was a decreasing trend in average FSP over the periods. 
Similar to this study, significant effect ofpcriod of calving 
FSP was reported by Duc and Taneja (1984) and Rao and 
8underseran (1982). 

First dry period (FDP) 
The effect of genetic group, season of calving and period 

of calving were found to have nonsignificant effect on FDP. 
This may be due to the reason that anim(l.ls are allowed to dry 
about 2 months before the next calving. This is evidenqe :from 
the population average ofFDP (65.09:1:2;95 days). Thel'~fQl·t 
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Table 2. Average and range of breeding values (BV) in varIOUS sire evaluation methods 
---------- --. -- ---------------.. - -----

Methods Average BY No. of sires No. of sires Maximum Minl111U1l1 Range of 

(kg) above the average below the average BV(kg)# BV(kg)# BV(kg) 
- -- -----_----_-- -~ - - - - - -----------------~ -.,......._~ -~ -_-- - - -- - .. -

D 3095 35 37 4065 (39.25) 2330 (20.18) 1735 

CC 2918 33 39 3894 (33.39) 1879 (35.63) 2015 
LSQ 2886 37 35 3578 (22.57) 2]08 (27.79) 1470 

SRLS 2895 35 37 3335 (14.24) 2473 (15.29) 862 

BLUr 2905 36 36 3437 (17.74) 2480 (15.0S) 957 
------------ -- - -~ ---- - ------~-... -. -- ------ .... ~-~-----

II Values In the parenthesIs are per eent above! below the herd average. 

this FDP was mostly decided by management based on the 
probable date of subsequent calving rather than alloyving the 
cows to dry naturally. Singh et al. (1993) also reported that 
the genetic group, the season of calving and the period of 
calving did not affect FDP significantly. 

First calvmg interval (FCl) 
The influence of various genetic groups all first calving 

interval was nonsignifIcant. However, the effect of season of 
calving on FO was highly significant (P<O.Ol). The autumn 
calvers had shortest FCl as also observed in case ofFSP. The 
slimmer cal vers had longes t FCI. Parmar et al. (1984) and 
Jadhav et aI. (1991) also leported significant effect of season 
on FC!. 

The effect o[ penod of calving all first calving interval 
was observed to be highly significant. There was an overall 
decrease in FCI over the periods. Significant decrease in FCl 
over the periods indicates improvement in reproduction 
management. The significant effect of year! period of calving 
in FCl was also reported by Dalal et al. (1991) and J adhav et 
al (1991). 

Average breeding values and their ranges 
The average breeding values and range ofbteeding values 

estimated by various methods are presented in Table 2. The 
average breeding values ranged from minimum of 2 886 kg 
in LSQ to 3095 kg in I method. The range betwcen maximum 
and minimum breeding was lowest (862 kg) Jl1 SRLS method 
and highest (2 015 kg) in CC method. The top ranking site 
had breeding value 33,39% above herd average In CC method. 
Out of the 5 methods us cd in this study, CC method 
discriminated among the bulls bettcr which was evident fl'om 
the range of breeding values. The percentage of sires whose 
BY was 5, 10 and 20% above herd average are given in 
Table 3. The results 111 CC and LSQ methods were very 
sJnltlar. The perct:ntage of sIre whose breeding vallie was 
above 20(% of herd average wa~ very low (1.39(Ycl) in SRLS 
and BLUP methods. 

f~T.fk'W11C)1 ojvlll'ioll,\ sire evalliatioll method.1 
The bleeding valucs for 305-day oj' less milk yield of Karan 

Fnc& bulls were estimated by sire evaluation methods, as per 
materials and methods. The relative cfficiency of diffcrent 
sire evaluation methods were estimated in comparison to the 

most efficient method observed in this study and the results 
are presented in Table 3. The efficiency or 5 sire evaluation 
methods was judged by crror (within sire) vmiance. Out of 
the 5 methods, contemporary comparison mcthod (C'C) had 
the lowest error variance. '111e1'e[01'e, CC method was adjudged 
to be the most efficient method for estimating the sires 
breeding value in this study. 

Table 3. Relative efficiency of various sire evaluation methods 
and the superiOrIty of sircs over hcrd averagc 

- -~~ ..,~-- ~~~, ---- - ~- -
Method Error Relatlvc Pcrccntuge Percentage Percentage 

variance efficiency of SIrl~S' of sires' or sires' 
BV 5% BV 1()(Yo BY 20% 

above herd abuve herd abllve herd 
average average llVCWgC 

CC 282215 100.00 30.% 15.211 ILl I 
D 2143648 13.17 29.17 111.0(1 9.72 
LSQ 484160 58.0n 27.18 22.22 11.11 
SRLS 4H3761 58.34 20.113 4.17 1.3C) 
BUJP 514898 54.81 1<),44 4.17 139 

The relative cfficieney of dill'ercnl sire evaluatiolllllethods 
langed ii'om minimum n. [7(% in simple daughter average 
indcx (1) to maximum 58.34(% in simplified regressed least 
squares (SRtS) methods. The relative eftkicm:y in case of 
LSQ and BLUP were 58.29 and 54.a 1 (% respectively. Jain 
and Malhotra (1971) ()b~crved that relative efficiency of 
contemporary comparison method was higher than that of 
simpit' daughter nvenlgc iudex. However. (JuJ'lluni and 
Nagarcenkar (19H2) reported thal B LUll method was more 

. emdent than cOlltcmporary comparison method when 1110re 
than 10 daughters/sire was u!ied. Singh (1902a) tlnd Singh 
(1 992b) reported that contemporary comparison method was 
more efficient than LSQ and BU rp llIdhods. The results 
ohtained in the present investigation were contrary to the 
reports from the developed country that Henderson's BLUP 
method was most efficient (DIlI1Cll 1982 and Anacker Ilnd 
Diete 1990). 

From the above results, it appear<.:d that although 
theoretically, the BLUP method is considered to be the most 
efficient method followed by LSQ method, b~lt in practice. 
data obtained under Indian farm conditions. these metbods 
may not be the most efficient and accurate methods due to 
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Table 4. Rank correlation and simple correction between breedmg 
values by different methods 

Method D cc LSQ SRLS BLUP 
- .... - ------ - ~~~- ..... ~------------ -- .......... ---..--,~-

D 1.0 083 0.86 086 0.87 
CC 0.79 1.0 0.82 0.84 0.90 
LSQ 0.84 0.77 1.0 0.98 0.95 
SRLS 0.85 0.79 0.99 1.0 096 
BLUP 0.86 0.85 0.94 0.94 1.0 
----~_._,_.., .,,- ... _------------ -~--~~--- -~-~- --

Values below the diagonal are rank correlatIon and values above 
the dIagonal are simple correlation. 

small data size and spread of data over longer period and the 
CC method might be more efficient in estimating the breeding 
value of sire when data from a single herd is used. 

Accuracy a/various methods 
Accuracy of various methods of sire evaluation with 

respect to the most efficient method (CC) observed in this 
study was estimated by determining the simple and rank 
correlation and presented in Table 4. The rank con-elation 
among various methods ranged between 0,77 (CC and LSQ) 
and 0.99 (LSQ and SRLS). The rank correll'ltion, between CC 
method and other methods ranged from 0.77 in L~Q to 0.85 
in BL'(J:P. All the rank correlation were highly :>ignificant 
(P<O.O 1). The high and significant rank correlations between 
the prevalent sire evaluation methods indicated that all these 
methods did not differ significantly in ranking of sires. The 
simple correlation between breedIng values estimated by 
varIOUS methods (Table 4) were also high and ranged between 
0.82 (CC and LSQ) and 0.98 (LSQ and SRLS). Similar to 
thIS observation Cordovl et ai. (1984) also found that there 
were slight difference in ranking of bulls by CC, LSQ and 
BLUP methods. Tajane and Rai (1990) found that correlation 
of breeding values by contemporary comparison, least squares 
and BLUP with auxiliary sire mdex ranged from 0.597 to 
0681. Singh (1992a) observed that the rank conelatioll 
between CC with LSQ and BLUP were 0.872 and 0.866 
respectively. 

Repeatability 0/ breeding values with change in progeny 
group size 
The breeding values of sires were estimated separately on 

the basis of 4 progeny group sizes, viz. 5, 8, 12 and 15 or 
above daughters performance. The correlation between the 
breeding va1ues of the sire based on different progeny group 
size and the 'true breeding value' i.e. based on 15 or above 
daughters using same methods were estimated and presented 
in Table 5. 

The results showed that in simple daughter index the 
repeatability between breeding values when progeny size were 
small with that of 'true breeding value' were hIgher in 
comparison to that of other sire evaluation methods. However, 
the increase in repeatability values with the increase ill 
progeny group size from 5 to 12 were maximum in CC method 

Table 5. Repeatability of sirc evaluation correlation between 
breeding value of bulls on the basis of varying progeny group SI7C 

With that based on "\5 or above" daughters records by same 
method in Karan Fnes cattle 

Method Progeny group size 

5 8 12 
----~--- ~-~--~- ----~~- ~~-- " 

D 0.53 0.62 0.82 
CC 0,42 0.57 073 
LSQ 0.32 0.46 0.54 
SRLS 0.33 0.46 054 
I3LUP 0040 0.58 069 

(74%) followed by BLUP (73%), LSQ (69%), SRLS (64%) 
and I (55%). 111ese results indicated that the repeatability of 
breeding value estimation was low in improved sire evaluation 
methods when progeny group size was small. However, with 
the increase in progeny size the increase in repeatability of 
sire evaluation was higher in these methods. Therefore, 
numbet of daughter records available per Slre may be the 
deciding factor of sire evaluation method apPropriate for a 
speGific data. 

Moller (1976) considered progeny tests with less than ~O 
daughters of little value and increasin.g progeny group Size 

above 40 as unnecessary. Singh (1992b) observed that the 
accuracy of sire evaluation with 5, 8 and 12 progeny group 
size in Karan Fries cattle were higher in simple daughters 
average index than CC, LSQ and BLUP method of SITe 

evaluation. 
Contemporary comparison was most efficient method 

among all the methods studied. The BLUP method though 
considered to be the most efficient method, had lower 
efficiency than CC method under the given Indian farm 
conditions. The repeatability of sires' breeding value 
estimation in CC, LSQ, SRLS and BLUP was lower with less 
number of progeny record (5~8), however, increased with the 
mcrease of progeny group size. 
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ABSTRACT 

The effect of incremental urea supplementation on intake ofurea-molasscs mineral blocks (UMMB), nutrient utilizatIOn 
and rumen ferntel1tation was investIgated on 1 G adult crossbrcd cattle. Thcy were divided into 4 equal groups following 
u completcly randomized design. Animals were offered wheat straw and UMMB lick ad ftb. and crushed maize grains to 
meet out the energy reqUirements. In addition to this, animals in groups 1 to 4 were offered urea @ 0, 15,30 and 45 g/ 
a11lmul a day, respectively, A metabolism trial of6 days duration was conducted, Results revealed that intake and digestibility 
of all the nutrients were alike except that CP intake was significantly (P<0.05) more in urea supplemented groups. However, 
the intake ofUMMB was highest in group 2 where urea was supplemented @ 15g/day. Balances ofN linearly increased 
due to various levcls of urea supplementatioll. A fermentation study was carried out on 4 rumen fistuJated adult cattle 
following 4 )( 4 latin-square design. Strained rumen liquor was collected and analyzed for pH, ammonia nitrogen, total·N, 
TeA preeipitable-N, rumen flUId volume and rumen fluid flow rate. Total N, ammonia·N and TVF A were sigmficantly 
affected due to urea supplementation. There was no significant change in various blood biochemical constituents. It can 
be concluded that 15g urea supplementation is sufficient to maintain the optimum intake of UMMB and fermentation 
pattern. 

Key words: Nutrient utllization, Rumcn fermentation, UMM8, Urea 

Ammuniu-N is utLlized by tht: ruminal bacteria and the 
maximullI microbial synthesis takes place when the mmen 
ammonia concentration is as high as 15-25 mg N/ml rumen 
hquor depending on nature of diet (Krebs and Lcng 1984, 
1il(lman ('t al. 1(86), When ammonia concentration in the 
rumen liquor falls below about 20 111g Nil 00 ml, the rumen 
ILlIl'rooJ'gtlni~ms lIrc inefficient and are likely to respond to 
NPN supplements particularly thrnugh UMMB (Tiwari £'/ at. 
19X9, Soug and Kenl1cly 19(0). 

(\msicIenng the above facts a ~tt1dy Was planned to observe 
the dlett of diffelcllt levels of amlllonia-N cOllcentration in 
tllc l'lllllCl1 (erellted hy different levels of urea 
sLlpplemcntation) on llulncnl intake and their utilization by 
cl'llssbrccl cattle fed on wheat straw and UMMB. 

MA'I'ERIAI,S AND METlfODS 

The t;ommercially availubk UMMB was prepared by the 
hot Pl'llCCSS of mixing vanous ingredients thoroughly with 
molasses at 7()"C which was then poured into specially 
dcsignedl1loulds to fonn blocks of 23 )( 14 )( 5 cu. cm in size 

Present address: INulrilion and Feod Technology Division, 
Central AVian Research Institute, J.tllinagal· 243 122. 

JPnnclpal SCientist, lScnl0r SCientist, Anllnal Nutntlon DivisIOn. 

weighing about 3 kg each. The UMMB contained molasses, 
urea, cottonseed-meal, urineral mixture, conID1on salt, calcite 
powder and bentonite in the proportions of 450, 150, 100, 
150,80,40 and 30 g/kg, respectively. 

The study was conducted on 16 adult crossbred cattle 
weighing approximately 300 kg and randomly allotted to 4 
equal groups of 4 animals each. All the animals were kept in 
a similar dietary regime for 15 days before startmg actual 
experimental feeding, Animals were offered wheat straw ad 
fib, and had frce access to UMMB lick. Cmshed maize grain 
was offered to meet their energy requirement (NRC 1989). 
In addition, the animals of group 1 to 4 wero offered feliilizer 
grade urea @ 0, 15, 30 und 45 g/animal a day, respectively, 
in solution fonn, sprinkled and mixed with wheat straw to 
obtain 4 different levels of N in the ratIOn, At the end of 60 
days of experimental feeding a metabolism trial of 6 days 
duration was conducted by conventional method by 
harnessing all lhe animals in metabolism cages. 
Representative samples of feed offered and residues left were 
taken daily for dry matter estimation and proximate analysis, 
The intake ofUMMI3 was cstimated as the difterollce between 
the initial and final weight of the block on a clry-nlattel' basis 
during the metabolism trial. The rumen fermcntation study 
wa$ carried out with 4 adult rumen fisLulutcd alllnluls of 
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Table 1. Effect of dietary urea levels on intake of UMMB, dry matter, nitrogen balance and nutrient digestibility 
--.~--~ .. ~~-.- -- - - - --- ~ -- --_ -~ -~ ~---

Groups 
----- --- ~-------~~-

Attributes 2 3 4 
-----,-- .-- -- --- -- ---

Body weight (kg) 309.7 307.2 319.1 308.G 

(kg W0 75) 73.82 73.37 75.49 73.62 

DM intake through 
152.0 94.0 87.0 UMMB (g/day) 116.0 

Maize (kg/day) 1.4 1.4 1.3 1.5 

Wheat straw (kg/day) 3.0 3.0 3.2 2.7 

Total intake (g/kgW07l/day) 61.4 62.2 59.8 57.5 

Crude protein 
376.7" 383.3bc 435.5' Intake (g/day)'" 313.9.1 

(g/kgW07lfday) 4.25 5.13 5.08 S.()] 

Digested (g/day)* 136.9" 178.8" 178.1" 251.1 h 

DCP intake (g/kgW075fday)* 1.9" 2.4" 2.1' 3.1" 
TON intake (gikgWO 75lday) 32.3 33.7 32.0 31.9 

Nutrient digestibility (%) 
51.2 51 .. 1 OM 51.7 52.6 

OM 54.2 55.6 53.9 53.9 

CP 42.9 47.4 46.1 5705 
EE 61.2 51.9 54.7 58.2 
TCHO 56.5 57.8 56.9 56.7 
NDF 41.7 41.8 43.2 .W.I 
ADF 44.2 3R.9 41.l) 3!U 

Cellulose 58.9 56.9 59.1 55.1 
Nitrogen intake (g/day) 50.2" 60.3" (I] Jilt (l!),(,t 

N-losses (glday) through 
Faeces 28.3 31.7 _,2.8 2().5 

Urine" 9.7' 11.3" \0.4' 15.2(' 
Total N losses (glday) 38.0 42.9 43.2 44.7 
N balance (g/day) 12.2 1703 IX.I 24.() 

N balance as% of intake 23.7 28.3 2k.H .15.5 
Intake of rumen fistula ted animals 

Body weight (kg) 271.0 280.6 29J.() 2K(I.() 

UMMB (g/day) 163.3 151.0 125.0 117,7 
Maize (kg/day) 1.4 1.4 1.4 1.4 
Wheat straw (kglday) 3.1 3.1 3.1 .U 
Dry matter (kg/day) 4.6 4.6 4.7 <I.R 
Organic matter (kg/day) 4.3 4.6 4J 44 
Nitrogen (g/day)* 54.7' 60.()" (15. l)h nl)h 

~ __________ --. __ ~ ____ ._.u ____ 

Figures bearing different superscripts in a row differ significantly (P<().05 J. 

comparatively lower body weight following 4 x 4 latin-square 
design. Animals were fed individually the experimental diet. 
After 21 days of experimental feeding strained lUmen liquor 
(SRL) samples were collected with the help ofa metallic probe 
covered with nylon cloth, from each individual animal for 3 
consecutive days at 0, 2, 4, 6 and 8 hr post feeding, after 
collectIOn, pH was recorded immediately and samples were 
preserved in plastic vials in a deep freeze until analyzed. The 
mmen fluid volume and the flow rate were determined by 
the method of Smith and McAllan (1970) by infusing 
polythene glycol (PEG, Mol. Wt 6000) solutio11 25 g PEG in 
100 1111 of distilled water into l1Ullen through fistula. After 
thorough hand mixing of the rumen contents the estimation 
of PEG was done by collecting SRL at hourly interval up to 4 

hr post fccdil1g. The SRI. was analyzed i"llI' llll)llI(lllia-N 
(Conway 1957), total volatile 1~ltly adds (Barnell :md Reid 
1957), tolal·N anti TCA preclpitabll-··N. The (lala wt!I'c 
subjected to a test ofsignilicullce hetween the dll't~ lIsing tit<: 
analysis of variance techniquc (Sm:dl'Clll' lIlId ('odn an 19(m 
and treatment means were compared lIsmg ])um:llll 's llmltipk 
range test (Steel and TO!'l'ic 191{()). 

RESULTS AND DISC '(JSSION 

The UMMI3 contained organic mattcr 63.5t!1., crudc protein 
49.3%, ether extract 0.2%1, total carbohydrate 14.0%t, neutral 
detergent fibre 8.2%, acid detergent fibre 4.9% und cellulose 
2.1 %. Apparcntly. the intake ofblock Was in decreasing order 
with increasing level oftnea supplementati()U ulongwith the 
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basal roughage. The intake ofUMMB decreased with higher 
level ()fdi~tary urea flupplemcntation, probably the ammonia. 
N is one of the factors responsible to control the intake of 
block, as the rumen all1monia-N was significantly increased 
with increasing level of dietary urea. Similar reduction ill 
UMMB intake was obscrvect in huffhl() calves when ammonia· 
treated straw 2.5%) (w/w) was fed (Mangat Ram et aI. 1(90) 
and with incremental levels of UI'c:'a supplementation 
(Ilosamani C'/ al. 1995). The total dry-matter intake and the 
llIgestihility coefficients of all the nutrients were ahke 
statIstically in all the 4 groups {Tab1c 1}. Similar trend was 
J~t:llJ'dcd by lIosum(lni ct til. (199R). 

The total nitrogen intake iw:re<lseJ linearly with UMMB 
and urea supplementation (Table 1). CP illtake in different 
groups had lineal' increase may be due to high solubility and 
degrndability of urea in the rumen leading to high 
concentratioll of ammonia in the rumen (Slyter et at. 1979, 
Song and Kennely 1990). -nle liberated ammonia might have 
heen utilized up to celia in extent by micro-organisms and 
excess was absorbed through the rumen wall. Similar trend 
wall also observed in buffaloes (Tiwari (It [II. 1990, Hosamani 
et al. 1995). As there is no Significant change in the intake of 
varIOUS nutrients expect CP, ultimately resulting into 
insignificant difference il1 TDN intake. Data 011 nitrogen 
balance indicated that Joss ofN through urine WaS significantly 
(P<O.Ol) more ill urea supplemented groups, indicating that 
am111oni,1-N could not be ulilized completely due to less 
aV:111able energy or lack 0 rsynchronisation urea nitrogen with 
availabk cnl.!rgy. SImilar N-excrction was reported in 
crossbred calves and bUmllocs fed dlcts containing higher 
than np\l\11a\ amount of prokin (Dus:.; und Arota 1989) and 
wllh variolls levels of urea with molasses (Ali and Mirza 
1 !)~()). 

The clat,l on hlood biodwl11ical constituents and mmen 
fel'l1ll'ntl\tiol1 pattern lIrc prcsented in Table 2. The 
cUllcentratioll of aml11onhl-N and urea in blood plasma were 
within the physiological range in spite of additional urea 
sllpplementatlOn in different groups may he due to the 
pllYsinlogical adjustment. In pJasma total protein lC'vc1 there 
was lIO signIficant difrerence due to additional llrea 
supplementation as dietary urea had no sparing effect on 
l'lIllliual degradation. The plasma calcium values wen: slightly 
lower thallllOfmal physiological values (9.7 to 12.4 mg/dl) 
hut the plasma phObphorus values were within the normal 
physiological limits (5.6 lo 6.5 mg/dl). 

rhc rumen fermentation pllttl'rn at diJTerent hours of post· 
ti:l:dllJg IJItlicated that higher pll obtained at the sixth hour 
post feeding. The peak concentration oftotal·N, TCA-ppt-N 
and aml11oniu·N in urea snpplel1lclltl'd groups were at 2 111' 
post feeding. The immediate increase in nitrogen fraction in 
the SRL is attributed due to rapid hydrolysis of urea alone 
and as well as through UMMB lick. The ammonia-N 
utilization depends on the activity (If rumen 1l1icrof1ora and 
rumen microbes are maximul11 ill quantity when there is 

Table 2. Rumen fermentation pattern and blood biochemIcal 
constituents in adliit cattle fcd on wheat straw supplemented wllh 

mca and UMMB lick 

GlOUpS 

Attributes 2 3 4 

Fermentation pattern 
Rumen fluid volume (litre) 62.2 68.1 63.7 67.7 
Rumen fluid flow rute (litrc/hr) 4.3 3.7 4.0 3.9 
pH 6.87 6.82 6.92 6.92 
Total N (mg/ell of 5RL)** 50.9' 52.7' 54.0' 62.Gb 
AlI1nlonia·N (rng/ell of SRL)"''' 8.7' 15.7" 17.9" 23.5' 
NPN (mg/dl ofSRL) 18.9 21.2 23.3 25.9 
TCA·ppt-N (mg/dl of SRI..) 32.0 31.5 30.0 36.7 
TYFA (mM/dl ofSRL)*'" 7.S' 8.4" 9.5c 9,3'c 

Blood bIOchemical constituents 
Hb% 7.82 (0.37 10.50 7.40 
Ammonia·N (mg/dl) 0.27 OJ1 0.29 0.43 
Urea (mg/dl) 16.84 25.68 25.36 18.84 
Total protein (gldt) 7.10 7.24 7.53 7.54 
Calcium (mg/dl) 7.04 B.09 8.77 10.17 
Phosphorus (mg/dl) 6.94 6.J8 6.14 6.77 

Figures bearing different superscripts differ significantly 
(P<O.O I). 

matching suppLy of energy to the available-No The 
concentration of TVFA was significantly (P<O.O 1) lower in 
group 1 and ·comparab1e with group 2. Shnilal'ly, it was 
comparable ill groups 2 and 4 indicating that supplementation 
of dietary urea is beneficial up to 30g in addition to UMMB 
lick. However, 1JMMB intake waS maximum in group 2 
(where mea supplementation was 15g) among the urea 
supplemented groups. The variability in VFA concentration 
was attributed to carbohydrate and protein ill the diet of 
different groups (Pant and Roy 1971). There was a progressive 
increase in the concentration of TYFA after feeding and 
attained a peak level at 4 hI' in groups 1, 2 and 3 but in 2 hr in 
group 4. Rumen fluid volume and flow rate of liquid digesta 
were not affected due to dietary urea supplementation. Similar 
observations have already been reported in cattle and buffalo 
(Mangat Ram and Gupta 1987). In the present experiment, 
the nlll1en fluid volume were between 21.74 to 24.26% of 
the body weight of animals, which is similar to the values 
reported earlier (Tappa et al. 1997). 

Ii is concluded that 15 g urea supplementation is suffiCient 
to maintain illC optimum intake of UMMB and fermentation 
patlc:rn. 
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ABSTRACT 

Male broiler rabbits (24) of 12-week-old were assigned equally to 4 isonitrogenous and Isocalorlc composite (25 
roughagc: 75 concentrate) dicts containing 0 (D,), 5 (D2), 10 (D)) and 20 (D

4
)% neem seed kcmal-cake (NSKC), fed ad 

lib up to 24 weeks of age. The intake and digestibility of most of the nutrients and retention of nitrogen and energy 
depressed with Increasing dietary levels ofNSKC. The nutritive value of diets having NSKC beyond 10% was lower than 
the diets containing deoiled gl'oundnut-cake and 5% NSKC. However, the rabbits on all the diets grew without any 
sIgnificant difference with similar efficiency of nutrient utilization (unit intake/unit gain). Incorporation of NSKC at 
hIgher dietary levels for longer periods appears to affect the nutritional performance of roaster rabbits adversely. 

Key words: Growth, Neem (Azadirachta Indica) seed kernel-cake, Nutrient utilization, Rabbit 

Rabbit husbandry is being recognized as crucial in meeting 
the critIcal meat shortage in developing countires (Owen 
1981) owing to its high potential in producing quality meat. 
Like other hvestock species, economic rabbit production is, 
however, constrained by chronic shortage of feeds and 
fodders. Under these circumstances, most of the animal 
production systems in the tropics are gradually relying more 
on unconventional feed resources. Neem (Azadirachta indica) 
seed kernel-cake (NSKC), a by-product ofnee111 oil industry, 
is one such product showing great potential for livestock 
feeding (Nath e/ at. 1974). Full fat or processed NSKC can 
be fed to rabbits in limited amount without any adverse cffect 
(Fnzinimi et al. 1990, Salawu et al. 1994, Bhosale 1994). 
However, vital information is lacking on feasibility of long
terl11 feeding of raw NSKC. 11tis study was therefore designed 
to investigate intake, nutrient utilization and growth response 
of roaster rabbits to the inclusion of varying levels of raw 
NSKC' as a substitute for conventional protein supplement in 
their diets. 

MATERIALS AND METHODS 

Mixed group of Soviet Chinchilla (SC, 8) and White Giant 
(WU, 16) rabbits (24), were randomly allotted equally to 4 
dietary treatments in a randomized block design. All the 

Present address: IDepartment of Animal Nutrition, Veterinary 
College and Research Institute, Namakkal, Tamil Nadu 637 002. 

l3Senior Sci(!I1tist, Division of Animal Nutrition. 

rabbits were reared under hygienic and unifonn managerial 
conditions by housing them individually in clean metallic 
cages, fitted with feeders and waterers, located in well 
ventilated cement floored shed. Clean drinking water was 
provided ad lib. Rabbits were dewormed at fortnightly 
intervals. 

Rabbits were fed iso-nitrogenous and isocaloric composite 
[25 parts ground maize (Zea mays) hay, 75 parts concentrate] 
diets (Table 1) in mash fonn containing graded levels (0, D I; 
5, D.; 10, D

3
; 20, D4% in the diet) ofNSKC by replacing 0, 

25, 50 and 1 00% of deoiled groundnut-cake (DGNe) nitrogen 
of concentrate moiety. 

Weighed quantities of feed were offered daily so as to 
allow ad lib. intake throughout the experi1l1ental period of 12 
weeks (between 12 and 24 weeks of age). Leftovers of feed 
residues were weiged 24 hr post feeding to ascertain daily 
food consumption. A digestion cum metabolic trial consisting 
of 4 days total collection of faeces, urine, feed and residues 
preceded by 3 days preliminary period was conducted during 
the last week of the experiment. 

The rabbits were weighed individually before feeding and 
watering at weekly intervals to find out the live weight 
changes and growth rate throughout the experimental period 
of 12 weeks (between 12 and 24 weeks of age). Efficiency of 
feed and nutrient utilization was calculated as unit intake per 
unit gain. Feed cost per kg gain was derived by multiplying 
feed intake per unit gain with cost (Rs) of kg feed. 

The pooled and grOlmd representative samples of f~ed 
offered, residues and dried wet faeces were subjected to the 
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Table 1. Ingredient and chemical composition of diets 

Ingredient/constituent Oiet* 

DI 07 01 O. 
.~ - - ~-- -- ------~-~~~~------~ ~ -~--~ _--

Ingredients (% air dl:v feed) 
Maize hay (ground) 25 25 25 25 
Yellow maize 35 35 35 35 
Oeoiled grounduut-cake 18 13.5 I) 0 
Neem seed kernel-cake 0 5 10 20 
Meat-meal 8 8.5 8.5 9.5 
Wheat bran 5.5 4 3 0 
Molasses 5 5 5 5 
Tallow 1.0 1.5 2.0 3.0 
Minerailuixture 2.0 2.0 2.0 2.0 
Sea salt 0.5 0.5 0.5 0.5 

Chemical composition (% dry mattl'l) 
Organic matter 87.0 86.3 8().2 H7J 
Crude protem 16.3 16,8 16,5 16.4 
Ether extract 4.5 5.5 (1,5 8,() 

Ctude fibre lO,9 10,9 10.8 10.9 
Nitrogen free extract 55.2 52,9 52.3 51.4 
Ash 13,n 13,7 13.7 l2.(i 
Gross energy (kcallgDM) 4.3 4.1 4.1 4.3 

* Added 30g mllleral mixture containing 50 000 IU and 5000 IU 
of vitamin A and 0

3 
per g, respectively, 50g tetracycline HCI (50 

fig/g) and 50g Coccidiostat (sulpha-quinoxalinc, 16,67%; Ul11plo!ium 
HCI, 16,67%). 

analysis of proximate principles (AOAC 1980). Gross energy 
contellt of feed, fodder, residues and faeces were estimated 
with the help of Gal1enkcmp ballistic bomb calorimeter as 
per the Gallenkemp mannual. 

The data were subjected to analysis of variance as per 
Snedecor and Cochran (1967) by programming and 
processing in a Micro-32 Computer. 

RESULTS AND DISCUSSION 

Nutrient digestibility Ilnd retentions 
Dietary incorporation of gIaded levels of NSK(' 

significantly (P<O.OI) influenced the digestibility of nutrients 
except ether-extract (Table 2). Like any other species, the 
nutrient digestibility in rabbits is influenced by dietary 
ingredient composition, forage..: quulity, levd of intah (M iller 
et al. 1954), energy, protein and fibre..: density, rate ofpassuge 
and caecal retention (Aguilera et al. 1970). As the dietury 
level of NSKC increased, the intake of DM decreased 
Significantly (P<O.O I, Table 3) but resulted in depressed 
(P<O.Ol) OM digestibility probably beeallse of low cnergy 
density of diets (Fekete et al. 1990). Crude protcin (ell) 
digestibility depressed beyond 51

)1l NSKC incorporation. 
SImilarly, digestibility of CF, NFE and energy depressed 
SIgnificantly (P<O.O 1) dne to graded levels of NSKC' in the 
diet and resultant depression in the dietary density of energy 
(Tuble 3) as other factors wen! similar. However, ohserved 

Table 2, Nutnent digestibility, nutritive vulul' and 
retentlOll by I uhhits 

Drets 
Variable 

DI D., [), DI 

DM 
CIl 
EE 
CF 
NFE 
Energy 

/)1f,;c.I'lillllily (%) 

(15,(14" ()(l.76·,I, 57.52h 50 J()l 

64,S7" (,2.32" 5J,24h 41) ~()h 

80,34 n,29 7.\.1)3 H2,05 
2(),OI)" 22.30h I !),2()1" 171),S' 
70.61-' MA.!'!> M, !)3h 5 (dlO' 
64.8.1' 5!\J()h 57,7()h 52,O_1' 

Nutl'itil'c 1'lI/zw (% 1 )ll" or A !('tll/"g I 1M) 

SEM 

2.43 
329 
3 II 
I.~ I 
2.40 
2.73 

Digestible crude I O.()80' I D. J 8" R.7()" ):I, I (II> (),55 
protein (DCP) 

Total digestible 60 , 5tl'\ 55.h3b 54J(i' 'W 20' Il II) 
nutrients (TI)N) 

[)ige~tiblc cOL'rgy 2.75' 2J(lh )"J()1l ). ).~I' (1.11 
(DE) 

Metllbolilable 1.51" 2, tt)1l 2.()()h' un' 0 12 
energy 

ncp : DE ratio 
Dei>: TDN ratio 

25.7}' 2.l.2()h 27.27" 27.115" I OS 
5,6711' .sAX' (dSh 7.'2})' OJ3 

Nlltl'icllt /'('tclllllill (a.1 '!" o/ahwII'hcd) 
50.58,,11 65,15' 5().SO,'h 27.15' 7,5(1 Nitrogen 

Energy ()o.n,'i> 92.50" S2,571
1[ gl (I()' 2,90 

Means marked with unlIke sLlpClSl~npts 1lI c hlgllllk,mtly dIfferent 
(P<{),(JI). 

Table 3. Growth ratl' lllld l'i'flt;lcncy ui'llutl'lt:1l1 Utilll<ltLUI1 

D, 

Initml body wClght (gl 124().O() 12gJJ.\ 
Jitnlll bodywClght(g) IKIIl,OO Ino,oo 
Tntal wClght galll (g) .'i7S.00 .l83.\.1 
Avemgc daily gain (g) (),gS .1.75 

SEM 

I n(l,()() 12M~ 11 %.47 
1(l(1.~.U 1()Il~,(){) l)7,5R 
.~H(I o() ,\.'\(, ()(I 115,01 
·l ()() ·Ull 1.36 

Nlltl'Il'lIll11tu/'j' (g Of' /,,',Il'/'gll" \) 
DM 5().1 S"I' (I'U))' ·18.HNI' ,14 .~)o\h (I.H3 
ep !).2(r'i> i()'hj' 8 (171' 'I .1(Ji> I.U 
DCI' () 00' h (l}' _I..~'JI' l7ih O.SI 
TON ."14 10 1(1 ll' .'.Cl (II 2(1,2:; 4.31 
D( ~ I q X(),h I ~4 (10'" II) ~(I"" 10), 1(1,1 I I) ~7 

Nutl'lt'lIl (:1/;('1.'111 I' (III/a/,t', g Of' "('(d·g ga/ll) 
CI' :!()I :'(17,)'/1) U;1121 
TDN 7.';g S.I'\I) '115 II q 209 
h'cdeost/kggarn(R!»' .'iK.IJ n:m ·!.I.~(\ %71 102,76 

"BJseti Oll prcvatling 111111 k~t pll~l! (R'Ag 1 ot'\ allUlIS Ill),(rcdlt.:nls 

(mul/c hay, (UN; Yl'lluw 11"11/1:,.1 J 7; d~'ldl<:d (iN(', .s 30; NSKC, 
1.50; mcat-meal, ~1.0(); Whl'llt bl<lll, J .~4: 1ll11IlI~S~~;, 0.40; tullow, 
1).110; ll111wlUlllll:-.11lIC, 4.1)1), !oCll salt, I 2(1 and ked Jddrtlvc ~u Rs 
I J I ,() per Ion kg dil·t.) 

Mc.lIls l11UI ked with unltkc SUpCrSt'flpts ill C !>lgnitklll1tly (hftcrent 
(I''' (),Il I), 
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range of nutrient digestibility was close to values reported 
for rabbits and lambs fed with variously processed NSKC 
(Dhosale 1994, Gowda 1994, Musalia 1994). The rabbits 
digested EE similarly irrespective of diet. It appears that 
saponification of fat in the gut of rabbits leads to its lesser 
recovery ill the faeces which enhances the apparent EE 
digestibility. ... 

Though the nitrogen retention as percentage of absorbed 
nitrogen was comparable in rabbits fed DGNC and 10% 
NSKC containing diets, it was significantly higher in rabbits 
on 5% and lower on 20% NSKC diets. Similarly, energy 
retention from absorbed energy was significantly (P<O.Ol) 
lower in rabbits fed diet D.l and comparable among rabbits 
all all other diets (Table 2). Nitrogen retentiol1 in rabbits was 
better on diets containing 23.42 Kcal DE/g DCP 
(Swarooparani 1993). The DCP: DE ratio in diet Dz having 
5% NSKC was 23.26 (Table 3) which was nearer (0 the 
suggested ratio. This might be the probable reason for better 
nitrogen and energy retentions by rabbits on this diet than on 
other NSKC containing diets as DCP: DE ratio in those diets 
were either wider or narrower than the suggested ratio. 

Nutritive value and'pla~e of nutrition 
The DCP and TDN contents (% DM) of composite diets 

offered to rabbits decreased with increase in NSKC 
incorporation especially beyond 10% (Table 3). The DE and 
ME whichrangedfrOln2.25-2.75 and 1.83-2.51 McallkgDM 
respectively, were significantly (P<O.Ol) lower in all the 
NSKC containing diets as compared to diet D

J 
containing 

DONe. 
The 'observed TDN and DCP of composite diets were lower 

than the recommended values (65% TDN, 10.7-13.5% DCP) 
of NRC (1977) and Santol11a et al. (1989), respectively. The 
intake of all the nutrients differed significantly between diets 
(Table 3). In general, the intake was higher on control (D

1
) 

and 5% NSKC containing diet (Dl ) but lower on D 4 containing 
20%) NSKe. However, the intake of protein and energy in 
rabbits was lower than the stipulated requirements of NRC 
(l977) for growing rabbits of similar weight irrespective of 
dietary treatment. 

Growth rate, Ilutrient efficiency and economics 
The rabbits from all the diets grew without any significant 

difference (ADG: 4.01-6.88g) between 12 to 24 weeks of 
age (Table 3). Similarly dietary inclusion of NSKC did not 
significantly influence the efficiency ofutilization of various 
nutrients (Table 3). Though nonsignificantly, the rabbits fed 
DONC containing diet (D

1
) were 1110re efficient by 29.3,36.3 

and 90.4% in utilizing DM than those fed D2, D3 andD4diets, 
respectively. The feed conversion efficiency (J 2,3-23.5g DM) 

g gain) was far below the efficiency (5.410 8.4 g DM/g gain) 
reported by Swarooparani (1993). However, Khan (1994) 
observed lowered efficiency (8.6·10.0 g DM/g gain) in WG 
rabbits even on water-washed or alkali-treated NSKC 

containing diets. The energy concentration in terms of DE 
and DCP (%) content of all the experimental diets was far 
below the recommended requirements (Santoma et at, 1989) 
which resulted in poorer perforamance of rabbits irrespective 
of dietary vegetable protein supplement. The poor growth 
rate and feed efficiency in general might be because of the 
poor genetic make up of rabbits alongwith tropical 
envirot1l11ental conditions of present study. Under temperate 
climates, Lukefar and Cheeke (1991) obselved 10-20 g ADG 
in tropics as against 35-40 g due to the heat stress and 
subsequent lowered feed intake. Moreover, it could also be 
attributed to the effect of long-term feeding ofNSKC. 

The feed cost per kg gain was comparable among rabbits 
fed different diets. The lower cost of composite diets having 
NSKC was not reflected in tem1S of feed cost per unit gam 
because of compensatory higher intake of these low enel'gy 
density diets especially in older rabbits due to diversion of 
partitioned nutrients for maintenance with advancement of 
age (Huang et al. 1989). 

It is cOl1cluded that incorporation of raw NSKC beyond 
5% in rabbit diets for longer periods adversely affects the 
nutritional performance. 
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ABSTRACT 

Marwan and Nali are two important carpet wool producing breeds of sheep in India. The wool ofNali breed wus more 
lustrous l1nd fmcr thun that of Marwari. The least-squares means for wool quality traits i.e. tenacity, extension, reflectance, 
fluoresccnce, total, ratio, diameter and medullation of wool fibre have been estimated to be 6.48d:0.167 g/tex, 23.3 7d:0.53%, 
176.43;1:3.899 vr, 111.20:1:2.664 vT, 287.79:1:6.402 "T, 1.08:1:0.103, 32.91:1:0.528 ~ and 51.42±2.052% in Marwari and 
6.42±().144 g/tex, 21.55:1:0.464%, 215.67;1:3.359 vr, 140.08;;1:2.295 vT, 355.67±5.516 "';T1 0.6:1::0.088, 28.33:1::0.4551-1 and 
50.80±1.7G8% in NaiL 

The heritability estimates for tenacity, extension, reflectance, fluorescence, total (r+f) and medullation revealed that 
all the traits had moderate to high heritability, indicating that phenotypic selection for individual trait would be quite 
effective. The phenotypic correlations among the quality traits indicate that the selection index would be a better choice 
ifsnmlltaneous selection in quality traits is desired. 

Marwari and Nali are important breeds of sheep in North 
western India. The wool duced by Marwari is approximately 
7.2 millJon kg per annum and is very good for carpet 
mmltlfaciure. Nali, though Jess in number, produces higher 
quantity of wool per sheep. 

The demand of wool is growing significantly due to the 
fast growth orthe carpet industry in the country. An excellent 
carpet, having de::;ired resiliency, durability and appeal, can 
only be manufactured with wool having fibre diameter- 30~ 
35~l, lllcdullation--- 40·50%, and a good lustre. 

Tim study was aimed to evaluate and comparc the lustre 
anti other physical attnbutes ofMarwari and Nali wool. The 
heri(ubility, genetic and phenotypic correlations among wool 
quality trails were also estimated for thither genetic studies 
and improvement oCtile 2 breeds. 

MATERIALS AND METHODS 

The data 011 wool samples ufl32 lambs of both the breeds 
ulthe agc of 6 mouths werc collected from the Central Sheep 

*Purt of M.V.Sc. Thesls submitted to Rajusthan Agricultural 
University, Blkanc!'. 

Prescnt address: IShccp and Wool Extcnsion Officer, Sujangarh, 
C'hul'u, Rajasthan. 

lHead,~Sclentisl, Central Sheep and Wool Research Institute, 
ARC, Bikaner 334 006. 

and Wool Research Institute, Arid Region Campus, Bikaner. 
The lustre was measured in terms of reflectance and 

fluorescence of the wool fibres. The tenacity was measured 
as g/tex to reflect the tensile strength of the wool fibre and 
the extensiol1 as percentage. 

The analysis of wool samples was carried out at fibre 
physics section of the CSWRI, Avikanagar, where diameter 
and medullation percentage were estimated using a projection 
microscope. The bundle strength and extension were 
measured by llsing fibre bundles at gauge length 1116" on 
stelometer and the reflectance and fluorescence using the 
fluorimeter (Parthasarathy et al.1995). 

Least-squares technique using LSMLMW computer 
progranune (Harvey 1990) was utilized to estimate the effect 
of different factors. 

RESULTS AND DISCUSSION 

TIle least-squares means for wool quality traits i.e. tenacity, 
cxtel1Sion, reflectance, fluorescence, total, ratio, diameter and 
medullation of wool fibre were estimated in Marwari and Nali 
(Table 1). The effect of breed was significant in all the 
parameters except tenacity and medullation. The lustre 
parameters indicated that NaIL wool was significantly (P<O. 0 I) 
more lustrous than that of Marwari. Also, the Nali wool fibres 
were relatively more fine. However, the bundle strength and 
medullation in the wool of2 breeds differed not:!:significantly 
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Table I. Least-square means with standard errors for wool traits 
_______ -' __ r_ 

-~---- - -- --- .--
-~--~-~-. ----
Effect N Tcnaclty Extension Rctlectance Fluorescence Total Rutio Dlumeter MedullatIOn 

(g/tex) (%) (..JT) (RJ (-.J1)(F) (--iT) (R+f) (FIR) nL) (%) 
-- -_--------.--------------------~~------- - - ~ -- - --

Overall 132 6.45±() 110 22.45:1:0.356 196.05:t:2 573 J 25.64:1:1. 758 321.73±4.220 O.H63±O.O(iS 30.(>28:!_(l.34H 51111;1_1.354 
Breed NS >I< ** ** ** ** ** NS 

G1 55 6.4I:l±O.167 23.3690.539 176,43±3.899 III 20±2.664 287.7l)_t6,402 I.086±O.103 J2.91 91O.52H 5 I 41 ~..t2 ()S2 

G2 77 6,42;!:_O.144 21.55±0.464 215.67±3.359 140.08±2.295 355.67±5.516 ().640iO.OSH 2fUJ7i°,455 5().R04..tJ 76& 
Sex NS NS NS NS NS NS NS * 
Sex I 59 6.45iO.I61 22.43±0.521 191.56±3169 122.36±2.575 314.58±6.1 RR (). 966:!:O. Ol)9 30.IOO_til SID 4ll.270,!_J Q83 

SCI{ 2 73 6,45±O.150 22.48±O.485 200.53±3.504 12ft 92:!:2.3 94 328.8S±5.755 O.760.!..O 092 J 1.1 ;'i.'ii0,475 ~J ')5Ji.l.~44 

InteraCtion NS NS NS NS NS NS NS NS 
til < Sex J 28 6.30±O 234 22 87:t_O.756 171.84:!:5.464 I07.()6±3.733 281.241:11.972 I.J01,!:O.144 32.5'15.tO.740 4R B44.!.2.R75 
<II <Se:o. 2 27 6.66:t_0 238 23 ll5_t0.770 lSJ.04±5.564 11443;t3.802 294. 34_1:9. I 36 O.R70.!..O.147 3:1.242.!_O "/54 :;3 ')'Jl.!). <)28 
Gl, Sex I 31 6.59±0.222 21.99±().718 211.28_t5.193 136.75±3.548 347.92i8.527 O.(D I..tO.1 37 27 .605.! () 7()1 ,~1 (>')5:!..2 7.13 
02 x Sex 2 46 6.24:±.O.182 21.11±O.5<)O 220.05±4.263 143.40±2.912 363.41±_7.0() O.M9 J_O.Ill 21).()(>').!..e) 577 5, '1l3.i..:!.243 
-- ~---~--~~~-------~-~--~-- -~----------~------~-- --~-~ ---

NS NonSIgnIficant, ~P<O.05, .... P<O.OI; GI, Marwul'i; 02, Nuli;sex l, male; SCI{ 2, female. 

(P>O.05). The findings ofParathasarthy et at. (1997) for Nali 
and Singh e I at (1998) for M arwari breed arc quite consistent 
with the present findings. 

The effect of sex was nonsignificant in all traits except 
medullatIOn. The present results are in agreement with the 
findings of Nehra (1991), Ganai (1992) and Panlin (1994) 
who reported nonsignificant effect of sex oflamb on the fleece 
quality traits in Marwari. The interaction between breed and 
sex was found nonsignificant in all the wool quality traits. 

Hel'itahilityestimates 
The heritability estimates (Table 2) for tenacity, extension, 

reflectaJlce, fluorescence, total (r+f) and medullation revealed 
that all the traits had moderate to high heritability. The 
estimates for all the parameters obtained here are relatively 
higher than those repOlied in the literature. Mehta et af. (1998) 
reported lower heritabilities for reflectance, fluorescence and 
total in Magra sheep. Chopra and Chopra (1972) reported 
heritability ofmedullation percentage to be O.17±O.15 in Nali 
breed. Nehra (1991), Ganai (1992) and Pannu (1994) 
estimated heritability ofmedullatiol1 percentage as 0.()3~;O.1 0, 
0.02±0.12 and 0.10:1.0.212 in Marwari respectively. Present 
results indicate that phenotypic selection would be quite 
effective for improvement in the wool quality traits. 

Genetic and phCl10(Fpic correlations 
Genetic correlations among different truits arc mainly 

attributed to pleiotropic geI1l~ action and linkage of genes 
governing different traits. These arc useful {()l' e~til11ating 
correlated response to sekctillll (Tahle 2). The phenotypic 
cOlTelatioll among the traits is the comhined effcct of genetic 
and environmental correlations among them along with 
heritabilities of the concerned traits, 

The tenacity is phenotypically negatively COl'l'c\(lted with 
all parameters except extcnsion but gCIH.:'tically it is posi!Jvely 
correlated with lustre paramekrs anti negatively with 
extension and medullation. Thc diCf1:rcncl' ot'sign in genetic 
and phenotypic correlations for lustre parameters and 
extension indicates that the cllvirol1ll1l!l1l(l1 COlTdtltioll is 
probably negative for lustre parameters and p()~itiw for 
extension. This indicates that th~ genetic .1Ilt[ environmental 
sources of variation arc probably 1I ffccting lustre and 
medullation through different physiological mecbanisms 
(Falconer 1989), 

The extension is phenotypically negutively cOI'n.:latcd with 
all the paramctels except ratIO, wlH.!lcas genetIcally It is 
positively correlated with the luslle pUt'I.lllwkl'S lIS lia:.. hl!cn 
observed and expluinc(i in tl>nacity. 

The lustre parameters ,Ire phelll)typkally as well as 

Table 2 Hel'ltabiltty, phenotypIc and genetic correlation of WllUI quailty \1 ilils 
-"-----~----- --~--- - -- -- -- -_ -- ._- - --

Datt TenaCity Extension Rd1cclal1cc Fluorescence TOlal R.Hill I )ia1l1ctcr Mcdtlllalllll1 ~ ____ ~ _____ n ____ 

~- _- - --- -- . 
TenaCity 0.308 .l 0.295 -O.12S± 0.6\ I 0.417 1. O.6(iS 0,4241: 0.570 0.422.1 lUi)\) N.h. N E. -n 2lf71 () 5l)5 
Extension () 443 0.412+0.311 ().770~: 0.579 (lAS7 I 0.493 O.5RII () 535 N.l~. N.l· .. ·U..\04"1 0,,06 
Reflectance -0.094 -0.035 0.468 L OJ19 1.014 L 0.014 O.9<)L)l· O.DI:! N.I-: N.L. ·O.7')t) f ()A26 
FlliOI csccnce -0.103 -0.068 0.<)33 () 758 + 0.355 I.O()5f 0.012 N.F .. N.H. -O.S7\) I OJ 52 
Total -0.113 -().OGS 0.983 O.L)74 O.5!J6 t. O.3J6 N.li. N [io .0.(>75 I OJB4 
Rutio -().O49 (l.O03 0.182 0.147 O.ll!O N.E. N.E. N Ii. 
DI,11l1clcr -O.OBS -(). 03 3 -O.ODS (1.010 N.E. (1.06."\ N.E. N.!:!.. 
Medullation -0.245 .0.134 0.34 (l.O85 0.049 0.049 0,$52 0.746! 0,354 _. 

---~--~ 

_T ______ ~ __ 

DlUgonal valucs prescnt hcdtabiJitcs, upper right triangle present genetic co~relations, lower Icfllriangic present phenotypIc eorreliltlOl1S. 
N.B. Nor eSlimated. 
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genetically very highly correlated positively. Similar results 
were obtained by Mehta et al. (1998) and they recommended 
the use of total (1'+f) as a single reliable measure of lustre. 
The present findings also reconunend the use of total us a 
single reliable measure of lustre. The ratio (fIr) cannot be 
taken as a reHab Ie measure of lustre and should be 
discouraged. 

The diameter and medullation are a little correlated 
phenotypically with other parameters but are significantly 
correlated positively with each other. Similar results were 
n:ported by Nehra (1991) in Mal'wari and Mehta ct al. (1998) 
in Magra sheep. The phenotypic correlations among the 
quality traits indicate that the selection index would be a better 
choice if simultaneotls selection in quality traits is desired. 

The wool ofNali breed was more lustrous and finer than 
that of Marwari. The heritability estimates indicated (hat 
phenotypic selcction for individual traits would be quite 
effective, 'I11e phenotypic c01iclations among the quality traits 
indicated that selection index would be a better chQice if 
simultancous selection in quality traits is desired, 
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Crossbreeding of Muzaffamagri sheep with exotic sheep 
breeds, viz, Corrie dale, Suffolk and Dorset, was taken up 
under the aegis of the All~India Co-ordinated Research Project 
(AICRP) for augmenting mutton production. Tlle reproductive 
studies on these crossbreeds are conducted mainly on the F 1 
generation (Sinha ct ai. 1979a, 1979b and Dogra and Misra 
1993). 'TJnee-breed crossing was used [or introduction of 2 
exotic inheritance representing different desirable 
characteristics. No study has been undertaken, so far, to find 
out the reproductive pelfonllance ofMuzaffarnagri crossbred 
arising from 3-breed crossing. The aim of this work was to 
compare the reproductive performance ofMuzaffarnagri and 
their 3-breed crosses. 

Reproductive data of 110 Muzaffamagri sheep and 125 
1/4 Suffolk x V4 Dorset x 'h Muzaffamagri ewes (F2 generation) 
were used in the study. Animals were reared under semi
intensive management system at the Institute farm since birth. 
In addition to pasture grazing they were provided concentrate 
@ 250-450 g/animallday and green fodder ad lib. in hOllsing 
sheds. Daily heat detection was conducted throughollt the 
year. Before the non-pregnant ewes were sent for grazh1g in 
the morning, they were kept in a closed paddock for 1 h1' and 
2 vasectomized rams were allowed to rUll with the ewe Dock. 
Whenever an ewe was detected for oestrus, it was immediately 
removed from the flock and mated with thc selected ram. 
Oestms detection was resumcd 2 months after lambing. Lambs 
were weaned at 3 months of age. Post-weaned lambs were 
reared separately up to 6 months of age and thereafter they 
joined the adult flock. Data pertaining to reproductive traits 
viz. age at first oestrus (AFE), body weight at first oestrus 
(BWFE), age at fIn,t lambing (AFL) and lambing interval 
(LI) were analysed according to least square analysis of 
variance technique (Haravey 1966). 

Muzaffarnagri and its 3·bl'ccd crosses expressed first 
oestms at the age of 448 and 456 days respectively (Table 1). 
Konl (1978) and Sinha ef al. (1979a) also found similar APE 
in Muzaffarnagri sheep (429 to 438 days), but in PI progenies 
AFE was found shorter (304 10 397 days). Season of birth 
had no significant effect all AFE. This finding was contrary 

Present uddress: 'ScICntis(, Sheep und Gout Farm, Livestock 
Prodllcttol1 and Management Section. 

Table 1. Least squares means with standard errors of rcploductivc 
traits of ewes 

Factors AFE (days) nWFE (kg) AFI.(duys) Ll (days) 
-------~--~ .... ----~~ ~ _,.__- --~ 

Overall (p) 452:110 29:f_O.4 634-1,17 277~:i 2 
(229) (212) ()I)6 ) (.:tll) 

Breedgmup 
Muzaffarnagri448±12 3110.5' 6091-2()" 25(11.14· 

(107) (104) (98) (190) 

Crossbred 456.:1:13 2R I D.5h 66.J-l2()" 21n.! 14" 
(122) ( 1(8) (98) ( 1(0) 

Season 
Winter 486±18 3J:t:O.7 (JG8±JO' 285.}J6 
(Dec to Feb) (3Rl (35) (28) (IOJ) 
Dry-hot 41 H13 2910.5 (,2212()h .JOlll7 
(April to June) (83) In) (74) «,S) 
Dly·humid 412±31 27,11.3 57() t,54' 25R 119 
(July to Scp) (13) 1I1) (H) (4-') 
Comfortable 468'112 30_tO.5 657 Ll8' 2f!IIIS 
(March, Oct,Nov) (95) (88) (liS) (119) 

Figures in the parenthesis indicate the number of observations. 
Means with different superscript under same I:lassi(1c.:ation differ 
signit1cantiy,AFE age llt first oestrus, nWFE body wl!lght at fllst 

oestms, AFt age at· first i<Ullbll1g, Lllamblt1g llltl'l'Val. 

to the finding of Sinha ('{ a/. (I 97\)a). Ewe lamh~ horn m 
1983 had lowest AFE (373 days), whereas AIlE or ewe hOll1 

during 1984 to 198R varied I'rom 440 to 4<)() clay!>, the 
differences being signifkanl (P': 0.(5). But Koul (1 l)7R) did 
not observe any eilect ofyeur on AFE in MU1uHhrnagn sheep. 

BWFE oCMuzzaffarnugn sheep n 1 kg) waH signll\Gantly 
(P < O.OI) highcrthan thut O[GfoHsbrccl ShCl'P (2~ kg). St.:asoll 
of birth did not inf1uellc!: thc nWFE hut yelll' had signifrctllll 
(P < 0.05) cfCect On BWFE. Koul (J <J7X) also l'I:pmlCtl snnil,tr 
clIcct of year 011 this trait ill Fl crossbrcd sheep. 

First lnmbing in MuzatTamagri sheep occuned 54 duys 
earlier (P < 0.05) than crossbred she~'p (Table I) and tim; WilS 

comparable to the finding of Koul (197H) uII(1 Sinha et til. 
(1979a). AFt Was about .3 mouths less in ewes hOl11 during 
the hot-humid season than those born during winter .md 
comfortable season (P < 0.05), Sinuiar finding~ were reported 
earlicrby Koul (1978) and Dogra and Misra (1993). Lumbing 
was significantly earlier (P < 0.05) in ewes bom dt\ring 1983 
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(565 days) than those bom during 1984 to 1988 (601 to 706 
days). Environmental variation from year to year might be 
responsible [or this observed effect. This finding was in 
agrecment with the finding of Koul (1978) and Dogra and 
Misra (1993). Lambing interval observed in the present study 
was remarkably low (277 days) in comparison to that recorded 
in other Indian sheep and crossbreeds (ranged from 304 to 
406 days; Sinha et al. 1979b, Amble and Malhotra 1968, 
Narayanaswamy et al. 1976, Reddy et al. 1984 and SingIl 
and Gupta 1986). Practise of daily heat detection in ewe flock 
throughout the year followed in the present study (instead of 
usual practise of seasonal mating in sheep) might be 
responsible for reduction in the lambing interval. Season of 
lambing had no significant effect on next lambing interval. 
But Sinha et al. (1979b) in their study on Muzaffamagri ewes 
reported significant effeci of season on lambing interval. 

From this study it can be concluded that the reproductive 
performance of 3-breed Muzaffamagri crosses was inferior 
compared to native breed indicating the poor adaptation of 
crossbred ewes in the Indian el1vironment. It is possible to 
obtain 9 months lambing interval (i,e. 4 lambings in3 years) 
by adopting the practise of daily heat detection in the ewe 
nock. 
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Amino acids absorbed from the small illtestitle of ruminant 
animals are supplied by microbial protein synthesized in the 
lllmen, undegraded or protected food prot<::in which bypass 
the rumen, und mobilisatlOll of body rcserves (Anncxst(ld et 
at. 1987). When protein requirement of milk production and 
maintenancc exceeds the amount of pl'Otein synthesised by 
mmcn microorganism a supply of dietary undergradable 
protein is essential to attain high milk production (Folman et 
at. 1981). Methionine and lysine are considered important 
amino acids in ruminant nutrition and were reported to be 
most limiting or co-limiting amino acids for milk and milk 
protein synthesis (Schwab et ul. 1 (76). Feeding a combination 
of protein sources that have complementary amino acids 
profile may increase chances of increasing post ruminal supply 
oflysine and methionine (Blake and Stern 1988). Higher level 
oflysine and methionine were rep0l1ed in soybean-meal and 
sesame-cake, respectively, compared to groundnut-cake and 
mustard-cake (1ohri et al. 1998) and sesame-cake may be 
added up to 19% in concentrate ration for lactating animals 
lLcmlerts 1990). 

The present study was, therefore, designed to investigate 
the effect of feeding of combination of dietary protein 
involvll1g soybean-meal and sesame-cake rich in lysine and 
methionine, respectively, and partial replacement of 
conventional mustard-cake (control) with a commercially 
available bypass protein feed on nutrients intake and 
reproductive performance of l(lctating bllffaloes. 

The experiment was conducted in the Department of 
Livestock Production and Management, College of Aninml 
Sciences, Haryal1a Agricultural University, Hisar, India, for 
150 days. Murrah buffaloes (18) in early lactation were 
randomly divided into 3 groups of 6 buffaloes each 011 the 

Present address: IScicntist (Senior Scale), Buffalo Genetics und 
Breeding DiVISion, ORB. 

IDIl'ector, CIRB, Sirsu Rond, Hisar, Haryana 125001. 
2ChlCf Scicnti5t, Department of Livestock Production lind 

Munagl:l1lelll, Collcge of Animal Sciences, CCS HAU, lIisar, 
IIll1'yanu 125 004. 

basis of nearness in their body weight, parity, lactationiength 
and daily milk yield following a factorial completely 
randomized design. The buffaloes ill control group were fed 
a concentrate-mixture containing mustard-cake as a m(ljor 
source of dietary protein (mustard-cake, 30%,; barley, 400.1,; 
deoiled rice polish, 27(%; mineral mixture, 2'% and salt, 1 %,), 
while buffaloes in treatment group 1 fed a conct.:ntrute mixture 
containing soybean-meal and scsame-cake ill the latin of2: 1 
as a source of protein (soybean-n' <II, l(l')';,; scsume-l'akl', 8%,; 
barley, 46%); deoiled rice poli.,H, 27%,; mineraI mixture, 2% 
and salt, 1 '%). The buffalo 1ll treutm~nt group 2 werc fed a 
concentrate ration containing l11ust,lrd-c(lke at 50% level to 
that ofco11t1'o1 group, i,he remaining protein requirement heing 
met by supplementing the ration with commen:ially avaiI'lhle 
bypass pr()tcin feed (mustard-cake, 15'%; bypass protein feed, 
24%; barley, 311% deoiled rice polish, 27%1; lllineral mixture, 
2 % and salt, 1 %). The commercially available bypass protein 
fecd comprised formaldehyde-treated l1lustard-ca!w, 20U/II; 

grllllndnut-cake, 10% and untreated cotton sl·edcnh .. (Jfl,!,; 

bone-meal, 2.5%; broken wht.:nt, 12'X,; burley sprout. I X'~';,; 
wheat bran, 10%,; dcoiIed rice hran, 12.5%,; l1lolasse}" H'~';,; 

and urea spray, 1 %. The concentrate rations in 3 groups werL' 
formulated to be isoproteinous having I (J.6'XI crude protein. 
It was given individually 2 tJl11eS a day at (h~ time of milking 
as pcr production level, recoll1IUendl'd by [eAR ( I IJX:;) and 
the amount ofTered was reVised I'ortlughtly on the basis oj' 
animals ac tual productien lcvel. Apart froll1 feeding (\ 
COl1Cl'ntrate mixture, the ::mimals in 3 tJeatm~lll glllups wen! 
fed green sorghum or green maizc and wIwat straw ad Ii!>. to 
mcet the total dry I1w11er requir\,)l1lent. The total dry mailer of 
individual animal of different tn:atmcnt groups was assclisctl. 
R~pl'esentativc samples of green fodder, wheat straw and 
concentwte mixture were analyst:d f()r ch~lllieaI composition 
(AOAC 1980). The TDN intake was calculated 011 the basis 
of pUbJislwd llutritive values of the various ingredients of 
concentrate mixture, dry and grcl'n fodder (Ranjhan and 
Pathak 1979). All till' experimental buftbIoes were hOllsed in 
a loose house with covered and open arca except dUf1l1g 

milking. 
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Table I. Mean values of dry matter, crude protein and total 
digestible nutrients intake of lactating MUlTah buffaloes under 

different dietary treatments 

Particulars Control Treatment 1 Treatment 2 
~--- - ---- -- -~~ -~-- - - -- - ~-- -- -----~ --- - ~ ------
OM mtake (kg/day) 14.68±0.19 14.73-l:0.09 14.87~:0.11 

DM! (kg)/tOOkg BW 2.80_1:0.04 2.79.1-:0.03 2.82±0.O3 
DMI (kg)/kg FeM 1.63a±O.04 I.G4a:J,O.05 1.39b-.l:O.02 
C'P intake (kg/day) I .4 0 a.-l: 0 . 02 1.41 a:J,O.02 1.47b±().02 
TDN I11take (kg/day) 8.78;1:0.12 8.81±().O8 8.95±O.O8 

- - -~--- ~--~-- - _. -- -- - ~-- -- - -
TI~~at~lent means with different sllperscnpts differ significantly 

(P<O.O\ ) from each other. 

Nutrients intake 
No significant change in dry matter intake expressed either 

in absolute amounts (kg/day) orper 100 kg body weight was 
observed in lactating buffaloes following feeding of either 
single or combined dietary protein source Or protected protein 
(Table 1). The results are in agreement with previous work 
where no difference in DM intake was observed when 
buffaloes were fecl protected protein in the concentrate mix 
(Chopra et at. 1982, Tiwari and Yadava 1,990). However, 
dry matter intake per kg FCM yield in T2 group was 
significantly (P<O.Ol) lower than control and Tl group. The. 
buffaloes fed protected protein required only 1.39 kg of dry 
mattel' for producing 1 kg of FCM as compared to control 
and treatment 1 group animals that consumed 1.63 and 1.64 
kg of dry matter, respectively, for producing the same quantity 
of reM. Tlus was probably due to significantly higher net 
milk production and higher fat content of the milk produced 
by buffaloes fed protected protein, since the DM intake was 
more or less similar in the different treatment groups. The 
present results are in agreement with reports of Crawford and 
Hoover (19R4) where higher efficiency of milk production 
was observed by fceding formaldehyde-treated soybean-meal 
to dairy cows, but differs from the work of Rogers et al. (1989) 
who clluld not find any improvement in the effIciency of milk 
production when diets containing soybean-meal were 
supplemented with rumen protected methionine and lysine. 

Significantly (P<O.OI) higher CP intake was observed in 
T2 group offered protected protein in concentrate mixture. 
This could be due to sliglltly higher intake of concentrate 
mixturt) in T2 group because of their relatively higher milk 
productioll compared tll the control. since thc schedule of 
COllccntnHe mixture feeding to animal in ditrerent treatment 
groups revised fortnightly in accordance with he level of 
mdividual animal's milk production. When the CP intake was 
calculated in terms of per kg iilt corrected milk produced it 
was less (136g vs 153 g) in the protected protein fed group. 
This sllggests that the feeding of protected protein to lactating 
buffaloes brings about improved nitrogen utilization. Our 
present findings of CP intake vis-a-vis protected protein 
feeding to lactating buffalo are at variance with earlier reports 
in dailY eows (Crawford and Hoover 1984) and buffalo calves 
(Hosmani and Srivastava 1984) fed protected protein or dairy 

Table 2. Body weight changes (kg) of lactatwg Murrah buffaloes 
under different dIetary treatments at J110llthly intervals 

Periods Control Treatment 1 Treatment 2 
---~~----- --_- -

Initial 
I 
II 
III 
IV 
V 

503.0()±21.48 
519.671:2207 
524.17±25.67 
530.83±28.1 () 
527.67±27.35 
534.()O-~26.89 

509.17±14.24 
523.00±15.15 
524.17± 15.40 
539.33 ±11.S1 
532.83± 1 0.83 
530.33± 1 n.98 

Period I-V monthly intervals. 

500.00±20.85 
S18.50:L19.18 
5J6.17±17.00 
535.33±16.17 
532.83±IS.88 
542.83±16.88 

buffaloes (Kar 1993) fed a combination of yeast culture and 
bypass protein. The mean TDN intake was 8.78+0.12, 
8.81±0.08 and 8.95;1;:0.08 kg for control Tl and T2, 
respectively, and the differences were nonsignificant. 

Body weight changes 
There was no significant difference in body weight changes 

in 3 treatment groups across successive periods (Table 2). In 
fact, the animals in all the treatment groups showed net 
increase in body weight over the experimental period 
indicating that the animals in 3 groups were not in negative 
energy balance. However, the extent of body weight gain was 
maximum (43 kg) in the T2 group. In the earlier reports, no 
change in body weight in lactating daily cows was found 
following feeding of different source of protein with varying 
degradability (Annexstad et ai. 1987) or protected soybean
meal (Crawford and Hoover 1984). Similarly, almost equal 
body weigh were recorded tluough out the experiment period 
when lactating buffaloes were given a diet with less 
degradable protein (Sengar et al. 1990) or live yeast c\'llture 
plus bypass protein (Kar 1993). In contrast, Papas etal. (1984) 
found that cows receiving rumen protected methionine for 3 
weeks gained more weight than control cows, and Kaim et 
al. (1987) observed that cows given diet containing soybean
meal treated with formaldehyde lost only 6 kg body weight 
as against a loss of about 22 kg in cows given untreated 
soybean-meal. Hosmani and Srivastava (1984) found that 
gain in body weight was more ill buffalo calves offered 
formaldehyde treated soybean than untreated soybean in 
concentrate mix. 

PostpartulIl reproductive peliormance 
There was no significant difference in postpartum oestrus 

interval and service period under different feeding regimes 
(Table 3). However, protected protein group exhibited 

Table 3. Postpartum oestrus and service period in MUl'I'ah 
buffaloes under different dietary treatments 

Treatment PostpmiUI11 oestrus (day) Service pCl'lod (day) 
~~ --------.""------~ ----_._----<'"' ... ",.-~......__ ....... -~ ...... -

Control 
Treatment I 
Treatment 2 

86.0±J5.0 
89.5±17.8 
78.5±9.5 

l05.0±J7.7 
127 J;t:25.2. 
96,7:1:12.4 
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postpartum oestrus 8-11 days earlier and required marginally 
shorter time to conceive than the cQntrol group given mustard· 
cake and Tl group given soybean-meal and sesame-cake as 
main dietary protein sources. Earlier, Fo1man et at. (1981) 
<llso observed nonsignificant lower service period in cows 
fed protected soybean-meal and Panciroli (1986) found that 
su pplementation of protected methionine improved fertility 
IJl cows. On the other hand Vincent et at. (1985) did not find 
any ciIect on the behavioural oestrus of cows fed concentrate 
containing rapeseed-meal or soybean-meal to a basal ration 
of straw . Similarly, Rogers et at. (1989) repmtcd that feeding 
rumen protected methionine and lysine did not affect herd 
rcproductive per[onnance. The longer postpartum oestms and 
service period ill buffalo fed unprotected protein source could 
because of excess of NH~, which overtaxes the liver and 
impairs fertility (Kaufmanll 1979). 

Replaccment of the conventional Illustard-cake by a 
combination of soybean-meal and sesame-cake, which arc 
rich in lysine and methionine, respectively, did not produce 
any tangible favourable effect. However, partially replacing 
conventional dietary unprotected protein by bypass protein 
resulted in improved nitrogen utilization and marginal shorter 
service period. 
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Goat flocks are mostly kept by marginal farmers who are 
unable to afford supplementary feeding with costly 
concentrate mixture. Simultaneously, the grazing/browsing 
areas are progressively shrinking with the encroachment by 
ever growing humag populatIon necessItating to evolve 
cheaper feed mixtures for higher and sustained animal 
production (Mathur 1996). In this experiment efforts are made 
to reduce the cost of sUpple111cntary feeding of goats by the 
introduction of a non-conventional tumba (Citrullus 
co!ocynthis) seed-cake (TSC) a low cost (Rs 2/kg) feed 
supplement. The objective of the study is to enhance goat 
production with low cost feeding inputs, affordable by 
marginal and landless fanners. 

Marwan male kids (10) of 9 to 11 months old were 
randomly dlvided into 2 groups of 5 each fanning control 
and treatment group with average initial body weight ot ~ 9.45 
and 19.52 kg respectively. These animals were maintained at 
centlal research fann, of this Institute, from August to 
December under experiment after lainy season when much 
of green is available in the field of arid region. Before 
experiment aU a11l111als were dewormed with broad spectrum 
anthelmintic, albendazole as per standard dose. The dry !Uatter 
wtake and water consumption of experimental animals was 
determined during pre-experimental stall feeding trial for 7 
days, conducted to determine the (by matter intake and water 
consumptIOn of experimental annuals. ThclCafter, anim,lls 

wele offered amixtul'e of chaffed Cenchl'Lls cilia1"l.\· grass and 
Zizyplws nummularia dried leaves (50: 50) ad lib. Leftovers 
were weighed the next day in the morning after 24 hr. Water 
was mado available in marked buckets ad lib. and 24 hr 
consumption was noted in the morning daily. 111e animals of 
both the groups, viz. control and treatment, were allowed 4-
5 hI' of grazing on Dhaman grass (Cenc/zrtls Spp., CP 6.6%) 
dominated protected silvipasture. Animals were housed in a 
side open enclosure. The browsing top feed material 
comprised bordi (Zizyphus nummularia; CP 12.0ty(J, khe}1'l 
(Pl'osopi~ cineraria,' CP 14.0%), ardu (Allantltus excelsa; CP 
18.5%), Israili babool (Acacia tortaUs; CP 13.9%), andkumut 
(Acacia senegal; CP 9.9%) as the main top feed sources in 
the grazmg area, the proximate composition and nutritIve 
value of silvipasture area is given in Table 1 as reported by 
Acharya and Patnayak (1917), and Harsh and Bohl'a (1985), 
which were lopped by grazier as per need. Immediately after 
returning n'om grazing, a11imals were watered ad lib The 
control group animals were 110t supplemented, however, in 
the afternoon each animal of treatment group was given 300g 
concentrate mixture comprising pel1eted cattle feed and TSC 
in the ralio of2: 1. The quantity of concentrate was increased 
to 375 g after 60 days. In addition 1 % mineral mixture and 
1 % of common salt was also added in the concentrate mixture 
of treatment group. Body weight changes were recorded at 
weekly intervals. Health examination of individual animals 

Table 1. Pen!(;l1tagc proximate compOSItIon and nutntive value of s0111e tree leaves and grass of the grazing area 
--- ~--~- --~-

Botonleal namc Common Crude CJudc Nltlogcn 
name protcm fIlne !i'ec ex (I act 

- ---- ,- _- ,- --- --- -
ZlzyplHl~ /lumlllulm'la BOldi 14.20 15.70 57.1 
Prosopis ClIIcral'la Khcjrt 1529 17.52 54.09 
Atlallthus excelsa Ardu 16.25 21 85 47.48 
Acacia tortalzs Israih Babul 12.3 2240 57.9() 
Acacia senegal KUl11ut 16 (> 

Cellchrus Spp Dhaman gras~ 5.50 33.20 5381 
-------------~ -~~ .,_ - -- - - --- ~-_ 

Present address: 'Scientist (Scnlol Scale), Al1ll11ul NUtiltion, 
2Sc1entist (Senior Scale) LPM,3Hcad, DiVISion of AnImal SCIences 
and Forage Production. 

- .. -~-- ... - _- --_" - .... - ... --? - ~ - .... ....--'" - .... ~~ 

]:thel Totul Calcium Phosphorus 11M! OCP TON 
extract ash (mtake/l 00 kg b wt) 

4.30 
4.52 
3.00 
1.80 

I II 

------- ------- - ---~-~ ........... -- -- --- -- -
8.60 2.4 0.14 230 5.7 58.0 
5 11 1.61 030 

11.43 1.43 0.17 4.26 13.00 64.00 
5.6 .s 68 62.0() 

220 64.3 
8.79 100 0.15 3.0 2.2 40.00 

-~ -_ --- - - ....... .-.--~-~- ~ - -- ~- ..-... ..... 

was done daily. Blood was collected by jugula!: ¥cinopuncture 
at monthly intervals in the t110ming before sendin~ ,them. for 
grazing. The data was analysed as pel' SnedecolJ and G~c:lw~.il 
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Table 2. Chemical composition and cost affeed ingredients 

DM CP EE CF 

Tumba (Citndlus 90.7 16.9 3.95 42.0 
colocynthis) seed-cake 

Pclleted cattle feed 88.5 18.9 3.1 15.9 

(1967). 
The mean values for chemical composition of supplemen

tation feed ingredients are given in Table 2, and blood 
metabolites and haematocrit in Table 3. The treatment group 
consumed readily the mixture of TSC + pelleted cattle feed 
completely showing good acceptability of concentrate mixture 
by the goats. This may be first hand report on this aspect on 
goats. Mathur et al. (1989), however, fed tumba-cake to 
growing heifers. 

The daily DM intake and water consumption during pre 
experiment trial was 3.07 kg and 17.08 litres/100 kg body 
weight of male Marwari kids respectively. The kids of both 
the groups gained higher body weights than that reported by 
Patel et al. (1992), whereas, Parthasarthy et at. (1983) and 
Singh (1997) recorded higher live weights in male kids of 
Marwari goats by providing creep ration up to 3 months of 
age. Trend in body weight changes in control and treatment 
group are shown in the Fig.1 "From first week of experiment 
the increase in body weight in treatment group was on higher 
side as compared to control group, showing positive effect of 
cheaper supplementation on the growth nte of growing male 
Marwari kids. The ADG of kids at 6, 12 and 18 weeks of 
experiment was 48, 44 and 51 g in control and 16, 65 and 
76 g in treatment group respectively. 

The treatment group constantly maintained higher body 
weight gain than control group up to tenth week, however, 
during eleventh week the body weights of both the groups 
were more or less stationary. Subsequently, from 12th to 16th 
week (November) in the control group the ADG in body 
weight was very low i.e., 39 g, whereas in the treatment group, 
there was maximum feed conversion efficiency during the 
period. It is pertinent to mention here that up to eleventh week 
of the experiment (i.e. October) much of the browse/grazing 
material was available in the field in the form of monsoon 

NFE 

25.95 

51.7 

,0 

" 

Ash 

11.2 

10.4 

-+-Conlml 

........... Traalmont 

Cost/kg Offered per Feedillg casU 
Rs animal/day animal/day 

----- -----_ 
2.00 100 g 0.20 

4.00 200 g 0.80 
__________ ", __ w __ 

o - -y---,-.---r----, --,--.,.-- r - ~-...., T'-~~"'~-'~ r- -, ~ r 1 

1 7 0 11 13 Hi 17 18 

1" 8r1 t:l!flwltek8! 

Fig. I. Comparative growth rute ofmaJe Murwari kids maintained 
on grazing vis economical supplementation. 

vegetation. The monsoon vegetation thereafter, withered off, 
from the grazing area, therefore, control group animals 
maintained exclusively on grazi~g attained lower ADO. The 
ADG for complete 126 days experimental period was 
significantly (P <0.01) higher in treatment group (71 g) 
supplemented with concentnte mixture of tumba (Cill'lI11us 
colocynthis) seed-cake and pelleted cattle feed as compared 
to control group (51 g). TIle increase in body weight over 
initial in control and treatmcnt groups after 18 wecks period 
was 33 and 46% respectively. Thus by utilizing turnba seed" 
cake in concentrate a saving ofRs 126/- over conventional 
concentrate can be achieved without affecting the health and 
increasing body weight. The market cost of live animal also 
increased from Rs 224 to Rs 312. 

The pre and post experimental mean value I SE or the 
blood parameters analysed for control and treatment group. 
were given in the Table 2. Thc hacmoglohin and pev values 
observed in the study were lower than the normal valucs 
reported for goats by Ghosal and Kataria (1995), however, 

Table 3. Mean:~ SE values of different blood constitucnts of male Marwari kids 

COlltrol 
Pre experiment 
Post experiment 
Treatment 
Prt' experiment 
Post CXpCllI1Wnt 

Whole blood 

Haemoglobin (g/dl) 

8.16:1: 0.06 
6.16:1:0.14 

8.20:1: 0.12 
6.35 ± 0.12 

PCV (%) 

24.4:1: 0.B6 
22.2:1: 1.24 

24.25:1: 1.09 
23.6:1: 0.45 

Plasma 
'----------- .. _--- ---_--"._.- -.---

Glucose (mg/dl) 

31.1B:L1.17 
53.28 ± 4.86 

30.3 :I: 0.86 
53.87:1: 2.80 

Urea (mg/dl) Total prolein (g/d\) Albumin (g/dl) 

41.\8:1: 1.62 
36.26 ± 1.01 

4B.19± 1.12 
37.10:l: 0.71 

5.31 ± O.OB 
6.)0 ± 0.32 

5.21 ± 0.22 
6.08 ± 0.23 

2.98 + 0.05 
3.00:1: 0.11 

2.85::1.:0.10 
3.38:t: 0.21 
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the haematological and biochemical parameters are in 
agreement with the values reported by Kaushish et at. (1999) 
for Marwari kids. There were no significant differences in 
blood parameters between control and treatment group~. 

Study showed that higher live weight gain can be achieved 
without effecting physiological status and health ofMarwari 
male kids by utilizing low cost-TSC, a 10caHy available feed 
resource. 
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<;::atch fish fonus a part of the food to the people in rural 
and tribal areas and serve as a potential source of nutrients. 
However the body nutrienl composition oHish vary to a great 
extent on the level and status of nutrients in their feed. The 
live samples of different varieties of fish, viz, Clarius magul'. 
Channa pUfictatu.I', Amphinolls clIchia, Mystlls spp. 
l{vpopthalmichthyes motUr;x, Allabas tes(iduens, Bal'/)/fs spp. 
Wa/logo tutu. Bagal'ills spp. Oxgaster bacaila. Catlll ('atla, 
Labeo ro!zita, Cirrltilllls mriga/a and MY.I'tus spp. were 
collected from 10 ponds of Durg district of Chhuttisgarh 
plains. The samples were steeped in hot distilled water at a 
temperature of 60 aC for 5 min to remove all the extraneous 
material. They were dried in an oven at 60°C for 72 hI. Four 
dried samples of each varieties were milled i11to homogenous 
finc powder and stored in' air tight containers until analysed. 

Table I, Body composition of different varieties of fish (% DM basis) 

Varieties Moisture Crude Crude Total Total Acid 

- _-- - _---_ '--~ - -------

Clllaglir 79.51 
C pltrlccatus 81.60 
A. cl/cllia 76.40 
M),s/lls spp. 80.70 
Il.lIlo1i/rix 78,40 
A.zeslidu£1I1S 83.10 
Barbus spp, 77,40 
IV.aUit 78.60 
Bagaritls spp. 77.10 
o'bllcaila 79.70 
C. cat/a 76JO 
Lrohil</ 78.30 
{".III I"/KCI 'a 79.80 
Mysll/.1 spp, 70.80 
Mean 78.84 
SE(±) 1).54 
CV(%) 11.24 

_- ~-

prolein fat earbo- energy in-

--__ ._<--_ .. _- .. ~---

68,56 13.8 
64.70 16.9 
OS.90 I H.3 
64.10 27.0 
53.50 22.8 
70,5() 15,5 
68,60 31.2 
58.50 23.6 
48.30 33.1 
52.90 26,9 
65.60 1{),7 
Sl).(J() 21.2 
oHiO 14.5 
5 (i.30 31.2 
61,69 21.91 

l.H5 1.93 
11.24 34.43 

hydrates soluble 

- - --~--.~--- .- > 

3,60 14,0 
0,30 IS.6 
2,20 10.6 
0.18 12,9 
9.70 13,5 
1.50 22.9 
4.90 18.6 
8,20 11,7 
4.1 () 17,0 
3.20 10,9 
7,70 15,9 
5,50 13,6 
1\,90 12,9 
4,90 14.4 
4,63 15.25 
0,83 0,88 

67,06 21.5 

ash 

1.31 
1.67 
(),l)O 

0,51 
0.33 
om 
1.35 
0.88 
(),35 
J.()2 

1.48 

-- --- ---------------~- -~- -----

Present address: 'Associate Professor, lAssistant Professor, 
IProlcssor lind Head, D~parll11cnt of Animal Nutrition. 

The proximate principk~s, calcium and phosphorus were 
determined (AOAC 1980). Determination ofeoppcr, cobalt, 
lllaganese and zinc was carried out after the wet digestion with 
tl'iacid mixture using atomic absorption spectrophotometer, 
The data were unalyscd as per Snedecor Hllti Cochran (19(JR), 

The cI1llic protein (CP) content wus higher ill A, tC.I'liliuL'IlS 

(70S}';,) and lowest ill Ha!{arill.l' ~pp. (48.3(Xl) (Tahle I). The 
CP was comparable (Mba, 1 (130) with the values ohtained 
for snail (63.3IYcl), cray fish (69.4%) and smoked fish (70.4%,), 
COllsumption of fi~h reared under traditional feeding system 
may provide a satisfactory supply of animal protein for 
growing children, pr~gllUllt and breast Ced women. The 
average nutrient recluiremcnt (IC'MR 19S9) of human being 
were reported to 70g, 50g, .t40g and 2500 keal [(,)1" the protein, 
fat, carbohydrate and energy, respectiVely, which C(III meet 
out Ihe daily need if fish iii conslilIled adequakly ulongwith 
the normal diet. Tlw flll~ and loin! carbohydrates were higher 
in "'~vstll,\' ,\1)[>, and Ba/"/Hls spp. (31.21y'); 4.9%1) antllowcst in 
C. catla with a little variation in respect of Ca and P content 
amongst fishes. 

The carbohydrates values were gCIH~1'1I11y low and 
comparable with the V:dlH.'S n:portl~d Cor hlue erah (Akpun 
1997), The ash content was higher in all varieties of 11sh ( 1 (),55 
to 22,87'%) indicating higllL'r mincral conknt. The diet ~h{)tlld 

Table 2. Mineral cOll1positil)n of dif'ti.:rel1t Vlll'iL'tit:~ of" fish 
(Illg/l()()g DM) 

Vanetics Ca'" p •. CLI ('(I Mn Zn 

Clllag"r 79.51 MLS6 UK .\.fiO 14,0 IJI 
('pUI/('ta/lls I),) .L:'O O . .'q 1.41 7,S!\ R,!\9 
A clichia 5.1 2.20 1,2() 2.()) 5.35 l\ .. l5 
Ml's/lls spp. lO.! 7 .. 9() (1,3"' 1...11{ 1.20 IOAO 
Il.mo/iln\ (L1 2.{)O 0.70 I.() I 2.1() 8,.~() 

t1, /cslitillullS 12.1 :UW O,J5 I.OR 2,07 14,1)0 
HI/rhus spp. 1).1 .lAO I. 00 I.(N .DR 14,53 

IV. "till 7.5 2, \)() 0.47 ],% IJO IO')() 
IJagarius spp, 8,8 l20 0.42 1.15 <1.59 9,11 
O.haCClilu R,3 3.50 1.58 1.94 1.9<) 9.63 
('.mrigtllu OAI 1.33 2.41 13.69 
MY,I·tlls spp, 6.75 2,8) 
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therefore contain high level ash, particularly calcium along 
with trace elements. Lall et al. (1985) reported that dietary 
imbalance of minerals in celiain diets predisposed the Atlantic 
salmon to bacterial kidney diseases (BKD) under specific 
enviromnental conditions. Supplementation of the diets with 
certain trace elements (Cu, Co, Mn, Zn) showed lower 
incidence of BKD (Halve!" 1989). The macro- and micro
mineral composition (Ca, P, Cu, Co, Mn and Zn) of different 
species of fish is shown in Table 2. The respective elements 
varies from 5.1 to 12.1 gil 00 g DM, 2.2 to 3.5 gllOO g DM, 
0.35 to 1.58, 1.09 to 2.05, 1.2 to 7.58 and 8.35 to 25.69 mg/ 
100 g DM in different varieties of fish. The values reported 
appeared to be normal for maintaining the growth 
perfonnance offish (Halver 1989). From the present study it 
is infened that the fish reared in village ponds under different 
managerial conditions, if consumed in adequate quantities 
may help in ameliorating the nutritional deficiencies disorders 

prevelant amongst the people of the region. 
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