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lel NTAppUCTI.PM , 

The cell mscleua haa been • subject of 

la naive and •xhauatlve ~•arch r sine 1 t was 

known that the genetic material a contained in l t s 

aub1unce. ~Jal (1909) deea!1*t a paanucleolar 

maaa 1n doga, cata and humans YAlich was certainly 

whit • now caU the •x chromatin. It was in 1949 

that attanUon wa1 Uawn by Barr am BerUam to the 

fact that th <::aju•s puanudeolus waa related to 

the •x and the •x of an 1"1lv1 ua1 could be 

ncognlaed f-nm a d.q>le mer hologlcal study of the 

nu~a by the presence of a dlsUnotly atainld 

body called Bas body CD" ae chromatin. x chromatin 

body 02i.g1nates from identical sex chromosonea (XX) 

of th• nor l f male. Om o the x chr $om&& in 

the f 1 a become heteropycnot1c, 1. e., stains 

more d8naely than other cmromoaomes, and foms the 

a chroaet!.n body . n in zpha nuclei • e.1 tence 

of aoll ~ b .. of chzomatin w1 thin the nucleus of 

Muron ln f amale excludvely, haV°'t be n 

aubMquently conf lrmad and e to al . at 11 th 

t ue of th body. This atm:Wng nation 

provided th lnt cleu ba of aexual dlmo:rphi 



at the nuolee 1 el. ln ploqntal •-1•• th bOdlea 

with .- c--.un • al• preunt la tbft males. bUt 

the numMz- fJf audel" haYlng. the au chJ:omatin is 

nomtally Yer+/ low. Clialnlly, the imper at fact 

n..S.n• that tbfte l • moad range between the upper 

f lgura1 nc.dlci foi: aal•• and tbe lown figures 

#ecorded for f ... 1••• ~eov•r• the becty with sex 

chlrQID&tlp 1• G\tCh lager la f eaal•• than in malea. 

Thu•. the •x ahzomatla tecbnlque bas become a •1 ~ple 

end ••P1d •thod for the determination Of •ex ln man 

and othelt mammalian aped.es. 

Sllhll dt.mcmphiam 111 tbe neutrophil 

leucocyt.• 1n the pedphftal blood in man · • first 

demcm.Uated by David · oii and Siil th (ltM ). Th sex 

apeclf1c auucture la a ·drwaaUc:k like nuOle 

app&ftdag • which for pr ctlcal purpo s ia found 

ex ualvely in leucoeywa of femalaa. The acceptance 

of the pod ve ffl• played by th dr •tick appem 9 a 

ln the anuzau detend.nation of Mx baa gt n tt.. 

• •• aaoe tha add.! tlonal cli•g • . c inf tl on rray be 

g•lned f~ tudy of all td.1 Bl)peai&geS. 

T be JDOft apeclflc. acce '9 l tation of erta1n 

ablmElll ... . ~·l-• 1iwolvlng 

atru tisal ud d.oal dwl U n of th x tmomoseme 

ould be adbl theut knad.ng the x chromatta 



patt.n of the 11divldual. The prellmlaary diagno is 

of the structural abnarmal1 t1e1 of the X-ehromosome 

can be made from the aiza, shape and frequency of th 

uwnaU-Gk appeQ:iagea. It 11 not sUJ:prisin; that most 

of the known cbJ:omosomal abrmmalltie& in man irwolve 

the abberation.t of tbs Hx chromosomes. cognizable 

abnormal! t1 es of chromosome structure ue usually due 

to loss or gain of chromosomal material. Encoura ing 

results from earlier eytogenetic stu:lies have 

established that larg.ar th n the normal drumstick 

appardages found in th neutroph1la of the peripheral 

blood are a definite 1nd1c ticn of largar than noraal 

x chromosomes. Sirallarly smaller drwll·st1ck ap erdages 

may indicate partially deleted x chromosome. Since 

then. sev•:al clinicians and cytologists have become 

involved rapidly in inc::r aaing numbers for applyi?XJ 

the sex chromaUn teot as a practical aid far 

diff ntial d1agncats in the abnarmali ties of s x 

d v lopment, whi c:h are usually not diagnosed bef GTe 

puberty. All iBiivi uals showing tructural abnormality 

of x c~omoaome appeu to be a-aociated 1th gonad 1, 

ovarian or testicular dyagenes1s and primary amenorrhea 

leading to lnfartlll\y/lq>alred fertility in the 

affected lndlviduals. x chromatin atudi a in th 

arud.otlc fluid cell• could be adopted far th prenatal 



diagnoala of •x. The detection of the sex of unborn 

foetus can become a very useful method to terminate 

the pregnancy of u.ndealrabl• sex. The literature on 

th• sex chrcnatin of human aubjeota is thua volwnlnous 

prlmadly due to ! ta cllrd.cal significance in th 

ldmtif 1cat1on of •x chrcmoacmal disorders leading t o 

eubfertll1ty/lnfartillty of the affected individual 

and screening of large populations of both mental ly 

retarded and normal per sons. 

The phenomenon of nuclear xual 

d~bl&lli of polymorphonucleer 1 ucocytea has alao 

b"n ~•ported 1n aevarel othar group~ of an1mala atd 

is •1ad.lar in mall'/ repre entatives of the animal 

kingdom• but th•~• 1a a cons1derabl yariati n in the 

morpbol.oglcal attributes of selC chromatin patterns 

from one class to another. In ~ instances. 

variation 1n th• an chranat1n pat ns exists in tha 

animals of same m:der and wen 1n the c ls of he 

same animal. several 1nvestiga . ars have attempted 

to examlne the •x chromatin patterns in farm 

nlmala. The presence of clrumsUCks aa a female 

cha%acterlet1ca in the neutrophll l e coc:ytes of the 

animals b longing ho order arttodactJl• (cattle, 

buffalo, g t, lheep, dffr, .S.nt) baa been finally 

• atabll abed. However, v 1oua morphological attribut e 



diagnod.1 of •• The 'tecti n f t sex of unb n 

foetu can b · a vcy u eful tho t.o T~""' .... " ......... 

the pregnancy of und d.nbl• x. T 11 tur on 

th chrca tin Of hman ubj eta 1 - thu voluminous 

prlmadly due to 1 · cUn1 1 1grd.f1can i n tn 

1dentif 1cat1on of •• chrcmosanal d1 _ er 1 · i ng t o 

subfertlllty/lnfertil1ty of th aff cted i ndivi ual 

and screening of luge populations of both m ntal ly 

retarded ni normal persona. 

T phenomenon of nuclear xual 

~bl of polymorphoa.acle leucocytea h s also 

beea r per in nl oth groups of ls rd 

l •!nd.lar 1n i rrt re ti s of nl 

kingdom, but there 11 a eon derabl l ti on n th 

morpbel cal ttribute of - chromatin pat ns 

f o cl.a to ncth r. In instan s, 

v 1ation t ex cbr Un p t n •xi ts in the 

animal of OJ:der nd n in t h c l f h 

• me ni nl inVi stlg tcrs h tt - . 

to exud.ne tin pat rns in f 

nimals. pre e of ck s a f al 

char c ed. atlc in the neutrophll 1 cocyt of t h _ 

anl b ionging to th ord artiodactyl (cattl , 

buff o, g t, b , r. ne) has b n finally 

• tabli eel. 1 1ou hological a !bu 



of dJ:umstl.ck b•ve not yet b n fully explored. 

Meeover \h available findings are be t wl th contro­

versies. ·rbe paucity of information on dimensional 

characteristics of drum tlcka of goats aoi buff al • 
vu., d1ameta of drumstick, area of drumsticks, 

nuclear area (with and without drumsticks), ratio of 

nuclear ana to sex dlro atln area and their ssocia­

tion with certain bi 1091 1 traits, 1q> ll d us to 

und rtake the pr-esent iov stigat!ons. This type of 

study would be useful to find out the nor l siz of 

drumsticks and to enabl us to screen those animals 

showing drumst!cka largm: or amaller than th normal. 

Thus young animals pos sslng such abnormal drum lck s 

might be re~ from the h soon aft&r th ir birth 

which would help to stablia uperlm: dairy rd 1th 

better fertility ad performance. 
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Thi ctu:o oa me ~nst1tut· on eld a 

dec1 1-ve influence on t . dev nt of h phenotype. 

A aimple dlff nc in one chr pair bringa about 

the mo t fundament l normal dlmorph1c ln man and other 

animals, na•ly that of sax._ A large number of 

chrcao abnormal! ties are the cau• of various 

p tholo;lcal cond1U ns. l-l again numerical nd 

e t ructta:al abnm 11 tlea of the sex cbrontos s, which 

may give ri unormali ti 1 in sexual dev lo nt, 

naaka up a large prOJ)ortion of all abnarmal chromosomal 

oonaU tut1ons. 

lt 1 • OM of the dif fl cul ti s inber nt in 

chromo analyaea that al ugh the same chro mes 

•%t present ill 8'ffrY ctll of th body, th chromo s 

can be individually racognlstd only in cells hich are 

l n the pro s of cell divi oa. At ""' one ti , the 

v et aejmty of th c.Ua ln t bocly not of course 

divldlngs thtiy er ln t resting tag _ or in lnterpha • 

Th chromosoma of non.dlvlding e 11 are in a d1 persad 

a te and, a a zule in.it.vi ual chr s a c nnot be 

d outs t • they t pd d.p l Utuents 

of the l rau:leua An 1 nt ex t1on to th1 



_.,_ 
rule 1• provided by t.be giant chromoaomea 1n th salivary 

glands and other • or.ting tleaues of Drosophila ard 

othn spec1 of d1pteraa flies. Although not dividing, 

these cells contain ncognizable chromosomes 1n a highly 

enlarged state and these chromosomes have played an 

important part ln c:ytogenetic re arch. 

In man, unfortunately. there are no giant 

chromosomes and the recogn1 ti o-n of ind1 vi ual chr o­

somes bas had to be based on cell which are el th in 

mitosis o~ in meloals. tot1c cells hav b n t:r.f far 

the RiCme iq>ort nt for this purpose ard, indeed, the 

bulk of our knowledge on human chromosomes is bas on 

the cells in mltotic metaphasa, when th chromoaom 

ar at their MOst contracted stage. Th1 s fact iq>oses 

a severe llmltaUon on chromosomal studies ard that arrt 

possibill ty of a tudying chromosomes in non-di vid! ~ 

cells 1 s likely to r sul t in a material advan ment of 

the subject. The discovery of ex chromatin has mad 

this possibill ~ a rea11 ty. ch Barr body o.r sex 

chromatin repres ts a single x-chromoso which is 

pres nt in deli t1on to nother x-chrornosome, hlch do s 

not form a •x chromatin body. This means th t 1 t is 

possible to a•soss th ta.unbar of x-c om s in the 

kaJryotyp by a mere inspection of non-divid!R;J cells 

a:l thi in turn has had the f ollowlng 1q>ertant 



(l) It provides a s!.q>le technl que 1n 

el1nlcal practl • when dealing w1 th patients uapected 

to having an abnormal MX chromosome constitution. 

(2) The simpli c1 ty of the tee ft! qu ha 

made 1 t poasible to cany out large acale surveys, 

which have resulted ln good atimatea of t fr uencies 

of varioua an ehramoaome abnormalltl••· 

(3) Hlatorically, the dis<:av ~ of sex 

chromatin p.tt na in individuals with abnormal a 

d ve lopm nt baa led to a knowledge of mammalian 

chromosomes, both ln normal am in abnonaal irdividuals. 

In this chaptc, we are cone nad 1th 

aeverel muphologlcal aspecta of aex chromatin in cells 

wM.c:h an not actually in he process f division. 

Several markedly differ nt bypothes s have 

be n propo-Md from time to t1 to explain the ture 

and the dulvat1on of the sex chromatin body. Th x 

chromosomal origin of the sex chromatin as assumed 

becauae of its staining p%'OperU s am it llml t ti on 

o the female ex only. The k of cha (1953) 

very lugaly nsponalbl for supporting this tntapre-

t U n by th• presence of cbromo tars of sax 

Ill' lgln in interpha nuclei. of th bank 
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vole Wtlil\Ptu• •QU•tel). th aoma r'tainty as 

the sex chromoaome origin of the a x chromatin, th 

next Qt.lestion was Whether 1 t represented a single x­
chz"omosome or had a double-X origin. Barly uk by 

Moon and Ban (1954) postulated that the dense pycnotic 

area 1n the nucleus of the cell of female s due to 

the f u$1on of the heterochromatl c portions of the 

XX chromosome. In tb male the "IN chreClOsome apparently 

was incapabl-e of forming a chromatin mass of coq>arable 

size. The blpuUw structur of the sex chromatin 

as seen by several investigators also suggested that 

two X..Cbromoaomea participated in 1 t formation 

(Rei talu, 1~7; James, 19608,b ). The descr-lption of 

aex chromatin in female betcozygoU.c fowl, how er, 

ralaad cloDbts as to the double-X origin of the sex 

chromatin ln mammals (Kosin at-n Ishizaki, 1959 ). The 

def1n1 tive ork of Ohno a.n:t collaborators then began 

to appear 1n 19!>9. Ohno U !!.• (1959 ) observed a 

diffe nee in behaviour between th two x chromosomes 

of th female. Ohno and Hauachka (1960 ) confirmed 

the pres nee of a sing! he ropyenotic ehromosan in 

ar·ly prophase figure of f le nd.ce, both ln n 1 

cells of the llver,ovary am mammuy glands. 

udi a of ONA nd chromosom r lie ti n, 

ua1ng trlUated tbynd.din ard autoradiography, also 

provided valuable evid nc of the s1ngle-x origi n of 



the MX c-hromlUn. Various inv tlgatar• reported 

th late replicating (hot) ehnmoaome as the bete. 

pycnotic x that conat1 tuted the x chrom tin of the 

lnterphaH nuclei (Gilbert ...1 al.• 1962; Morlahima 

d. &)... , 1962). Atkins d. J1, (1962) obtained some 

evidence that the radioactivity of th late replicating 

chromosome peralated in the •x chromatin during the 

next interphaae. 

Having established th fact of a1ngle-x 

heteropycnosia in female somatic cells the next point 

was to consider whether the ./' (X maternal } or .;t 
(x-.pa ternal ) waa mo~e l1k 1 y to acquire the property 

of heter0pycnods. Ohno an:l Hauachka (1960) sugg sted 

that the maternll x is l•opycnotlc with tne autoaotn8s 

and the paternal x ls poaltively · teropycnottc. The 

expoa1t1on by Lyon (1'6J.a,ba 1962), how r, suggested 

the poad.ble genetic lmrtneaa of one x chromosome in 

female aomatlc cell1, el ther or x' 1n a mosaic 

faehion, Lyon (1961, 1962) postulated that the 

lnac:Uvation of one of the two x-chromosomes occurs 

du:dn:;J •arly stages of develo-pmant am once it bas 

occurred, remain fixed throughout the further 

development of th t cell line. David on !.1 !!,. (1963) 

confirmed the valldi ty of Lyon's hypothesis. The 

erythrocytes of omen are coq,o ed of two classes, 

w1 th nm:mal Bi very low euyme 1 ls respectively. 



Th• authors •uoc.eeded in 91:0Wlng clones from single 

cells an:i found that such clones from heterozygous 

woman el ther hid nonal enzyme levol or wer defid.ent 

shOWS.ng random inactivation of paternal or maternal 

x chrome some. Lyon'& hypethff!s has prov t be 

immeasurable v~lue in explaining th natur of sex 

chromatin and dosage cempenaatloo mechanism in mammal.a. 

2.2. 

A w1d• uray of nom ncla tures have b . n 

emploved from time to time by the various workers to 

ref u to the aign1f1cantly d1 stinct sex diagnostic 

body in dlif nt aomatlc tt. ssuea. Originally sax 

c hrcmatin was called "nucleolar satelll te• b cause it 

was closely associated with the nucleolus in cat neurons 

(Batt and Be_rtJ:am. 1949). However., the original term 

was found to be inappropriate for designating sex 

specific chromocentu: in all th cells aa 1 t was obs rv d 

that tb ux chromatin wa• located against the inner 

urf ace of th . nuclear mambram (lilmerton !1 !!•, 1964 ). 

occationally th ex chromatl n is ref erred to ae 

.. Batt body", ow1 ng to 1 ta nanw to 

Howw r, this term has not been widely used because 1 t 

is nei th lnfm:matlve nor deaulptlv . i (1962} 

cl• slgnatad the name sex chJ'omatln of man as •x-ehromatin• 

lndic ting ite origin from the x chromosome in the 11. 



sex chromatin haa b en sometimes also de cribed as 

"remal Six Chromatin• due to 1 ts preponderance in 

the female subjects, however. this terminology aeon 

became inapp~riate as in case of pla ntal ma mmals, 

some fairly normal-appearing males have showed sex 

chranatln bodies similar in all respects to that seen 

1n the females, though the frequency waa obt i ned v J:Y 

low in them. 

The sex chromatin of leu~ocytes nuclei is 

contained ln a sex specific nuclear appendage v.ri t h 1 ts 

distine-t rounded head attached to the nucleus by a 

thread like neck. It is usually referred to as 

•drumstlek" aid is found druded from the nucl ar 

membre.ne. The drumsticks oecur in very low fr uency 

aa compared to the sex ctttomatin b«lias of other somatic 

tia ues (Tomonaga d. !!.•, 1961 ). orumatieks ni sex 

chromatin bodies of somatic tissues ha be n proved 

to be of identical origin (Colby ard Cllhoun, 1963 ). 

2 • 3.. ::IJA@T TJ.V CHARACJ'ERI Ml CS 

2. 3,1 •• ,. am Arta.s-
swer 1 morphological aap eta of th ••x 

chromatin are of inter st especially when one b ars 

in mlnd that chromo ntu is a aingl x chr o om in 

a cond naed or posi t1 v 1 y heteropycnctlc state. Th 

phenomenon of sexual dimorphism is d.mUar in many 
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repres.atatl vea cf malMl811an sped a, but ther 11 a 

c·onsidtrable variation in their CJianti tatlvo attributes 

of the aex apoclf lc appendages (frequency 1 size and 

area>. from one order of mammals to another order. 

In most tnammallan species, the HX chromatin 

1 • gene ally of the order of l.O Al in 1 ts diameter• 

but the obaei:v.-1 dJ.mentions vary to 1ome extent vd th 

th type of cell and the t chrd.cal natur of the 

prap~ation, In a aurvey of twenty types of c lls in 

human tltsuea and organa, and Bur (19'.:>4) found 

that the Mx chromatin waa sl.ightly larger in c:ella 

of cartilage, adrenal cortex and thyroid follicl s, 

a a compar to the other cell types atudi though the 

measurements were not made. 1-0wevar, in later study 

of norm& 1 tissue , a.m benign tumors of man, 1 n wh.i ch 

th an chromatin wa measured, a mean value of 

o, 7 A.I x 1.2 Al wes obtained for th normal cells and 

o. 8 ..\I x l.2 Al for cells of benign twnors ( ~· and 

a •• lk>5·b ). Kl.lager (19588) ln a study of human 

cells ln wbOle mounts o-f ~anes, smear and sections 

'(including embryonio ,mater! l) fo\lN! th t th size f 

th stx chromatin varled b n o.s .u and 1.4 .u th 

and. the avet:•9• waa of l. l ,,u. 

Rod nta have •lao b en nve tlgated 

thoroughly becau•e a clear i4 ntlfication of aex in 

thelr .-auc cells c:oUld b turned to good use ln 



exparimental won. It waa observed that their nuclei 

were not genatally •a suitable as those of primates 

becauae of their oouse chromatin (Hay aQ.i or , 1961 ). 

Al though J!.nrichaen and Goeth (1958) found that the 

1ex dlffR nee· in purld.nje cells of female rat as as 

dl atlnct as 1 t was in man. The•• ork r hav also 

report-' a sex dlff.ennce based on the 11% ard nud>er 

of nucleolar chromoantua in mouse $tc:le1. Th a 

chrcmatin body in cultured heart, spleen atd k clney 

t1 ssues of Jrat varied from about o.5 Al to 1.,0 Al ln 

width and fr about l .• o ,u to 1.8 ,u in length { l 

am Koons, 1919 ). 

~clear mozp logy of Ad.cedactyles appeared 

to follow a patt rn st.ad.lar to that of th primates. 

The drumstick ("x chromatin) in poly rphonuclear 

l ucocytes generally measured about 1.0 ..u x 1.1,.u, with 

a range of o.a At x 1. s ,.u (onuma, 1964 ). Barr (1966) 

gave 1.4 "'• 1.1 .u nd 1.3"" •• th aver g size of the 

druattck a ln pol ymorphonuc:l•ar leucocytes of c ttl , 

goat and ahffp r spectl ly. How , ln a 1 ter study 

of bl mneus of cattle an:l buff loea. a n value 

. f 0.994 ..u wa found for the drwuticka in c ttl and 

0.793 Al in buffaloe1 ukberj am ngh 1974). The 

1 udy of nettOUI tt1aue of twine showed a n value 

of 0.8 ,.u JC l.J,2 M for JC c:tmocnatin of normal an la 

and 0.82 Al x 1.12 ..u for l.nt ex s (cantw 11 !! !!.·, 
l9~8). 



The alze of sex chromatin may 1 ter d to 

the cell metabolism.. KayWDIW am IDS.trleve (1976) f ound 

that U-16 year old woman 1th contracted diabetes 

melll tue after cubohydl:"ato metaboli showed an 1ncr se 

in the cinulu f om of sex chromatin bodies which looked 

like thlck•n1J¥J• of the nucleu mmbrane; x chromatin 

body Of round shape waa also enlarged in woman aged 

25-60 year. ()val, tdangulq am IGmicircular forms 

how(Wer decreased in all age groups. The enlargement 

of the area of the aex chromatin body was also reported 

to be statistically significant by these workers. 

structural abnorm 11 t1 s of th X ehro some 

have also been reported as af f cting the siz of th s x 

chlranatin. It was observed by Hazden (1961) that th 

sex chromatin tended to be smaller than usual in females 

who bad one ROJ:ma1 aBi one ,attlally del ted x chromoa e. 

This finding was also •onfl.rm«i by Jacobs 91 !!.· (1960, 

1961) and Bamford !111.- (1964 ). Comlersely lf a normal 

x chraaoaome was paired w1 th an 1aochromosome of the 

1 ong um of an. x, th isochromosome wa1 likely to pr u 

an enlarged .. of sex c;~matin ·(Bamf o:td il fl.·. 1964 ). 

hval ar¥i ca selman (1961) found that th 

aex chromatin in buccal smears became smalleJ: during th 

dm!.nlatration, either topical ly or by inge tion of 

certain antibiotics. over ly • aeveral cytostatic 



druga could lnm:ease the average aize of th cytoplasm 

a Pd nucleus 1n col ls of cliff erent tissues (Ba&erga and 

castol<U.. 1966). Tbeae wckers analysed the structural 

f ea tuna am distribution cf the sex chromatin in the 

buecal epi thellal cell.a of leuka-1c female patients 

who had nceived for many month high do.es of cytoatati c 

drugs (busulpban aQ:l ID9J: ptopurl ne ) • Th c;e 11 s of o-ral 

muceea renew ad rapidly and sh•ad variations in size 

and at:ructure after .cytostatic treatment. 

2, 4.l. Shapes-, 

The shap of the sex chromatin dep nds to 

some extent in such d tall• of internal structures as 

can be made out with conv ntional ml croscapy. The 

shape 1• also d termined by the relationship be en 

the sex chromatin am other components of th nucleus 

(Ban, J.966 ). The most common shape of sex chromatin 

ls planoconvex or triangular lylng against the inner 

aurface of th• nuclear membrane (Burlington, 1959 ). The 

sex ch&'omatin 1• at time• irregular, bell shaped or 

eapedally 1n buccal epl thell\ln, flattened into a disc 

shaped chroma Un mass (Baxr • 1966). In neurons 

especially the sex chromatin is often adjacent to the 

large spherical nucleolus aal one uria may be 

f 1 ttened as l t fits against tbe nucleolu (Barr _$. !..!.•, 



--11-

l.9501 hince !1 !l•, 19[)5 ). In human syq>athetlc 

ganglion calls •Bl occasionally 1n ether lls the sex 

chroma~n a-.y be flattened be n the nuclear membrane 

and an eccentric nucleolus (Mylle and Graham, 1954 ). 

lhen fre of nuclear surface the ex chr maUn is likely 

to be spherical or irregular. Graham am Barr (1952) 

and L\oore and Barr (1954) noted a small clear area in 

the sex chromatin of occaeional cells in eat ani n. 

and suggested that this might be 1rd1cat1v cf a do le 

structure. The bipU'ti te sex chromatin was also 

observed in some bovine neurons by core ...!. !!.• (1957 ). 

Drumstick (sex chromatin) of blood ar consists of a 

rounded head which is attach to the rest f th 

nuclear lob of a polymoq>Mnuclear leucocyta by a 

thin fllement ( vidson am · th, l<JM ). Th stalk of 

drumstick may be of variable 1 tngth. Carp nti r (1957) 

reported o typea of drumsticks deline t on th r 

shape, viz. 1 "C:.%tain drumaticka• which were lying 

completely fn from other nuclear structure am 
entirely ouWnld nd -pJ:Oballa drumstick•.. hi.ch n 

still recognizable but not extr ely outli being 

• stile or allghtly sup u.>oaed on rest ef th mcleus. 

uhren (1960) d lgnat d th drumsticks aa a •c1efin1t 

apperdage• an:I the sessile •• "possible ppendage•. 

The sex chromatin body in polymorphOAuclear leucocyt s 

may ~p•r aa a •teu drop shaped• body w1 th a rounded 
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head ISJD11ar to the d:rumatick 1 thout a d1at1not talk 

(Bhatia d. !}.. , 1978 ). 

The data on the pos1 Uon of sex chromatin 

in the nucl us may seem to have llttl basic imp t n ~ . 

On the contrary, there ar r 1 unexplained phenom non 

rd continued analysis of variations 1n t he position of t 

•x chromatin Which normally may eontribute to th 

knowledge of force; that operat 1n the int rpha nucleus. 

The position of the s x ehromat1 n in th nud. us is 

generally specific to particular e 11, tissu or organ 

type and is semetim a speciJ s &peelf ic (Prin !1 !J.. •· 
19!15). Ho er. in Cf/ t1s e 11 bod!. s will not b 

situated in the me pos1t1 n. For this r son hen sex 

chromatin counts are made, its position is ge ally 

cl t 1f le into three group a a (l) adjae nt to the 

nucleol.u1. ln the nucleoplaam, (3) adjac nt t o 

the nuc1 ·ar mambra (Klinger, 1966). 

av n if th x chrom tin 1a at th nuc1 ar 

membrane cons-1st ntly thla cul not a · ya be evid nt 

b c ua of variations in th or n tlon of sex chr tin 

and nucl u th ct to t optical ad.a t 

mcro cope (Baa, 1966 ). (1960 ,b) ln a atudy of 

the cats adX' na cor x ln which nuclei wre ap roxt t 1 y 

pherical, fou that t x chr tin a· the 
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periphery of the Optical section through th rucl us 

in about half of t c lls. Levij and ulendljk 

(1960, 1962) subj•cted James data to mat ts.cal analysis. 

They showed that the sex chromatin would app at the 

pttlphcy of sph ical nuela! about half of th , 

even if randomly locat. at the nuclear membr~ • 
beEause of l!nd. tat1ons of the resolving p 

mlcroscep • As a 9 neral rule, the for • the sex 

chrematin is pr.,bably s1 tuated at random ag inst t ~ 

inner surf ace of the mu:l ar ambra.ne in most of the 

cells. le (1961) calcul tad from su:rem nts of 

nu~laar sh am the aize of t sex chromatin in fl t 

nucl i of buccal smear prepu tion that if th sh 

chromatin were a1:tuated r momly at th membrane it 

would appear at t periphery of nucleus in about 

4 1 of the cells w1 th x chromatin. 

In s e c lls, x chrcmatin position 

l thin th nucleu may alter during varying funct1 al 

r developmen al tages of c 11. ham (19l4a) found 

that th sex cbHmlt!n of non -·~ua tissues of ha 

cat was adja nt to th nud.ear menbr ne 1 as frequently 

1n 19 and 24 day dJryO than 1n m tur animal. In 

~2 day old f oetu • • till ter ch 119 ln the 

pos1 tt. n of t~ x ebHmatln w ab• rv urlng 

maturati n of the cat •s nerv system.. a 

chromatill was more often ja nt to th nucl ne 



1n early stages of dwelopment and cam to b next 

to the nucleolus more frequently wt th lnc:roaslng 

maturl.ty. These chaBJes in the position of eex c, tin 

might result f ran al tored lntranuclear dynamic during 

m tabollc changes !.n •~turlty. 

urthy aoo Raam (l 962) sug9 s that th 

location of drumst1cke anvwhere in curve of th• 

nucleus to th poles, repr nt. th ir evolution fr.om 

the si~le mas of sex ehromatin in non-seg n 

The d gne of lebulatlon of the neutrophil 

nucleus is an important f ctor in determini rums t1 ck s 

formation, wben-ver, quantl tlve f,.ndings on cl%umst1cks 

a~e of import nee or wher th absence of drmsticka 

i qui a to be valuated, th lob count must also b 

caJ:r1*1 out The incid n~ o d.r\nstick ( x 

chromatins) n lnd1 vi ual oman varies consid rably. 

on f ctor that lnfluen s he incidence of drumsticks 

ls the d gr• of lobl".J of polymerp nuclear 

ltucocyt s nude!, th _ ·mo high y lobed th c lls 

t e m0r l th incidence of drum tick ( · vldeon and 

th, 19!>4 · L r am tze1. 19581 b r _!l_., 
1963). ntus many n with low ct=umstl ts 

• 

al so shew low mel a:r lobe count (Brigg rd Kuppeman. 

1 ~6 ). In ,, apparently normal won•n a d le:! 



a nalyal• waa undeftaken by ttwoch (1964• ) • The 

lAcldeac& of ~aUGka waa reporled to vary b •n 

l.6 and 7. and \be cornlatS.on coeffid. nt be n 

the 1QCJ.dence of cll:umaUck a and tho n lobe count 

f ,owd to be o.~. htn cell• 1th constant lobe ers 

wen conaldered, 1 t waa observed that 1n all n th 

drmt tick count alao increased 1th the increase in th 

lob• numer f.rom l to 4 or f>, but for easb given lobe 

number tbl drlnstiok CDUnt of tb w an 1th th high t 

numb s about 3 or 4 times that of the oman i th 

numbU. KyUng Tai (l 969) Z'9l>ftted that th 

ind.cl nee of drum&Uek p each lobe nwrb had th 

tenclency to incraa1 until 3 nuclear lobe but no 

aignlficallt diff nee abov that a • , 
• 

failed to ~weal anv correlation b•h••en the incidence 

of dzUm•tleka and th nuclear 1obe d!ffm:entlation. 

'fhe d&-gre of lobing and the ncid nc of 

dJ!Wutlck• 1 likely to b below nonal in a var! ty 

Of ctu:omo ll .imormalltl • am out of th two, the 
z uction in _ fr quency of l-'4"1Ni1•

6
• ck 1 s mo •. 

In aon'doll• (llOWn •·1 IY ) t rwcle1 f th pol-y-

orpbonuclear leucocy a on an ag , f % 

lobe than tho of u_naffect-1 subj et (Turpin and 

B•rQY ~. 1941). In Kll f 1 r syndrGme. -n indd ce 

of drumaticka COAD erably than ha Of narml 
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f •males wa noted "by David on nd t h (195 }. The 

low ind.d nee of ~ tieks in these patients was also 

found to be associated ~t th creased lobing of poly-

merphonuclear leucecytes nuclei ( ttwoch. 1961 ). 

Subject to var1aUons in the lobe cou_nt. t drumstick 

count in &.DJ WGman tems t o remain c-cns tant, and 1 t i s 

an 1rdiv1dual cbaractedatlc which may be g tieally 

ch,t+.u:m!ned (Ml ttwoch1 1961 ). 

several studies have be n c~rrled out to 

1nwstlgata the relationship of the sex chromatin tb 

nuclear ah• 1n dif f r nt somatic tissues. Mi ttwocb 

(.1963) deacr.Lbed female doAm' nuclei with Barr bodi s 

from fll>nblan c:ul t~s and obam:ved that they war 

on an avuage amallu than those in which no Ban bodi s 

eould be eeen. Most of th cultures, in which this 

ef f ec-t wa• clamonstrated, had some abnormality of the 

ta:yotyp • vlz., one had an xx:t constitution, another 

was with xxx cbremesomal ~lement, bad a d let1on 

of a large acrocentrlc chromosome am only ona culture 

showed an apparently .-rmal female karyotyf)9. Ne 

def!fd.te conclulion could be acb about the 1lze of 

cel.U in which a &ur body appeared to be present in the 

c ntze o,f th aad.et1a. rttwev , lat r s'tu:i1es by 

Ml ttwech (1964) r vealed that the average ai z nucl i 



wl tb centrally placed Barr bod1ea was Closely similar 

to these w1 th perlpheral Barr bodies. Accordingly 1 t 

was •MUmld that th se ntrally placed structures 

we" \Jrue Barr bodiee. She baa also reported that 

these ad.9ht be least two explanatiens for the differ nee 

in s-lze between nuclei 1th am w1 thout Barr bodi s. 

The sma.llez. size of the Batt body containing nuclei may 

be ind.dental, if Barr bodies hap ned to be present 

only in those atag _ • of the ml totic cycle, when the 

nucleus was not at 1 ts maximun slz • In that case, 

th population of Ban body containing cells r1oul b 

preaent aleo in XY c lla, but would be unrecognizable. 

on the other band, the smaller nuuear size may be a 

direct eff ct of th condensati~n of one Of the x­

c~e• to form a Barr body. If these were so, 

thi a population of eel.la ould be non-existent in 'Jrl-

c lls. It would a likely that both th se cau s do 

in fan operate. 

2•7 • @ Q:l69:1Ail rt> ,ITS ,SMTION TO t\G§ 

Age depement vad.ations in tte inc-idence 

of ux ch't'omatln bave beeA •=ount d in th ttesues 

of varloua •aaallan speed.••• I<Nue (1961) 1ho 

that tht fr••MY of sex chromatin positive nu«:lei 

1 4Uy 1aaea Id w1 th •g • sevezel 1mestl9ators 

b ,,. al reported an lnc:reaae in the f que · of •x 



chromati11 in new bo~na during ist. 2nd am 3rJ day 

whicb gs-adually increased to tbe normal level within the 

next few days (U.lllan !.!. !Ja,, 1967; Bulanov, 1968; OJrti s , 

1969; OJ.perna and Ricciuti. 1969; Dyahlouayl !1 !!.·, 
19721 Gencik, l97l; r.tshv1dobadze and saakashvill, 1975 

and Flr,,y !!. !!.•, 1976 ). Jildenbttna (1964) reported that 

c:or·tlaone alto nsul ted 1n statistically significant 

increase ln tho percentage of sex chromatin positive 

nuclei Upto 5th day ln new borns. Caaba (1974) found 

that glucose-6--phospbate debydngenase activity of the 

e_x-ythrocytes of new boma gradually decreased upto 7th 

day of llfe and the process was found to be coincid nt 

wl th the increase of their sex chromatin bodies, Sexual 

abnormall ties also affected the s x chromatin 1th 

frequency w1 th the gradual incr se in the age of the 

lrdividuals. Nlelton (1969) am Platunova and 

LaVJ:Yaahin (1976) noted a dlnct relationship in th 

frequency of Mx chromatin aDi age of nentally retarded 

patiell'tl 1th turner •s rnoaalc and pr suq:>tive triple 

mosaic. rt.el son (1969) further r orted a decrease 1n 

the sex chroma Un frequency w1 th increase la ag of 

schizophrenic p~tlents. The buccal ltbelium was 

a tudied i)y Vol nko (1973) 1n women of age grc.up b twe n 

~0-69 yea%• wl th malignant tWDm"s and heal thy females 

of sanae age. The frequ ncy of ••x chnmat1n was oba rv d 

to cteuea•• ln menopauaal women. This deer the 



fnquency of •x cbramat1n bodl a ••• r, le: a 

pionounced ln pa tl•nU w1 th •lllllfty, w lan and. ut.erine 

cancera. Daftnlte lu.ctuatlons ln the incid nee of sex 

etrromatln bodl• have been HpOrted by Palntal nlna 

(1974) in normal femal • The highest incl.de of s x 

chnaaUn pattern w on the 14th pot n1trual day 

w1 th a mean occurnnce of 33 Two other p k • 

alao observed, on1 on ttw 22nd day of the cyd. 

th mean was 2 . am another on the 1st day of t next 

menses when tba mean waa 26. Pla tunova and 

LawyasMn (1976) ascribed tba t average fre ncy o·f 

... chromatin bodies a• chaJ:actedsed by age. rl.aing 

dud"J 1 xual turaUoa and UopplDJ between the ages 

f 4.1-M. bai and -ad. (1977) em Bh•Ua U. !l· 
(1978) also ~ nuctuation ln the fre ncy of sex 

chromatin bodl in cU.ffnent groups of tar 

buff oea Ad goat• re•ectlvely. 

Tbe acceptance of th poll ti role played 

by the dJ:ums lck appendag • in th ccurate d terndn 

Uon of x originally d •crU>ed by D vid on hi th 

(19'4) baa given the sur~ hat additional di gnoatic 

1nf o.riaat!.on •Y be gained &om a detailed study of all 

aeutrapbll appendagu. A pnllmln.uy dlagno a of aa 

r•produotlve di~• involving JC chromo e 



abberat1ons can be made within a few hours and with a 

high degr e of aceurac;y. The val of such a method 

to the cllniciana ls readily apparent. 

It ls not aurp:d.alng that most of the 

known chromosomal abnarmall tl s in man involve the x 

chromosomes. .Abnormal karyotypes. with r spect to sex 

chromosomes and autoaomes. consist princi lly of 

deviations fr• the MJtmal number an:! tructure of 

chromosomea. cognizabl abnarmall ties of chromosome 

structure an usually du to-loss or gain of chromosomal 

material. Loss occurs wben chromosomal breakage r sul t s 

1n (1) deletion of a segment which may or My not b 

uanaferr to another chromosome, or (ll) pro cal 

translocation with mutual exchange of gments of 

unequal tlze. Gain i th result either of (1) duplica­

tion due to t add1 tion of a cor:respon:iing gment from 

a hornologu chromosome. or (ll) xcbange of a small 

segment for a larger segment in reciprocal translo tion 

( sohval, 1963 ). 

2. s.1. UFt11n1 _ &mmlitiaa gf 6 gimmqsgme • -

An x cu om• with an nornal conflgura-

ti on appe ra to be ••soda i th gonadal ovarl n or 

te U.cular dysge &la. Jacob !1 !A.· (1960) desc:rlbed 

the first auch patient ho had Bur bod1 s smaller than 

normal. T pat!. nt noted to ha an x chr omos e 

from which a part of long um had b n del ted. 11 
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TABLS - 1 

j'qwf f:~sf r=J~z\!e:=Si~fftHrminat\oo gf s.MtvtsIYll• 
...... ~.-.~.~.~.-.-.~.-.~.-.~.-.~.~.~.-.~.~.~.~.-.~.---.~.-.-.-.-.~.-.. ~.-.~.-.-.~.~.~.~.~.-.~ ... ~.~.-. 
s. No. ~ectea/ 3e-x (X) chromosome Sex chJ:Qnatln Phenotyplc effect Ref er9nce 

Va1i.ant abnormality abnormality 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

lUman 
being a 

(female) 

-do-

-do-

-do-

-do-

-do-

• dr,,.. 

Deletion of the long 
arm of x-chromosome 

Deletions of the 
abort arm,s of the x­
chromosome 

laochromosome for 
t he long arm of the 
x-chrano&Ome 

Ieochromosome for the 
long arm of the x... 
4hr0moacme 

I sochromo aome &r the 
ahort arm of the x-
chromosome 
Partial deletion of 
upper arm of one 
x-chromoaome 
Deletion of x-
chromosome 

Abnormally small drum­
stick a (sex chromatin) 
bodie5 are found w1 t t: 
lower f re CJ.\ ency 

-do-

Abnoxmally large cb:um-
atlcka (aex chroma tln) 

Abnormally large drum-
stick (sex ch1'omatin) 
body. 

Abnormally small drum-
stick (a•x chromatin) 
body 

Abnormally smal 1 drum-
aticks(sex chromatin) 
bodlea 
Abnormally small drum-
aticks(&ex chranatin) 
bodies 

Turaer• s phenotype. with 
stnak gonad and lnferti-
11 ty and. \Vebbed neck but 
with normal stature 
Turner'• phenotype, with 
atreak gonad and inferU-
11 ty ,but with a short 
stature 

~condary amenorrhea and 
multifi• con:ieni tal 
ancma •• 

Ford (1973) 

-do-

Bamford 
et.al. (1964) --

Pull-blown-Turner's syndro- Taft 1lt !.!.· 
me charac'teriaed ~ ~nlllal (1965T 
dysgenesis,short s a re 

Turner' s syMrome,w1th 
streak gonads,.but with a 

ca aper-
soon(l970) 

normal stature 
Infertility and socondarf Bamford 
amenorrhea et. al. (1964 ) --
~all ~poplastie ovaries Grouchy 
""Ii t h pr mordial follicles et al. (1961) 
and pii.mary amenorrhea --

·-·---.~.-.-.~.-. ~ . - .-.~.-.~· .-.-.~. - .-.-.~.-.~-~.-.- . ~.~.-.~.~. - .~.~ ~ -.~. - .~.-.-.-.-.-.~.~.~. - .-.~.~. 



Barr bodies were also noted in other p tients ho had 

a deletion of the short arm of X-chromosome. saiei.sm 

ln human bei~s was predicted on the basle of small 

drwn•U.ck appendages imicating partial del tion of an 

X-chrcmoaome (Bamford !1 !!·, 1964 ). Patients with iso­

c.hromosome for the long arm of the X-chTomosaae tetxi to 

have a high proporti ·n of th larg Barr bodi (Jaco s 

Lt!!.-, 1960; Llndsten• 1963 ). Large drumsticks 

occurring Vii th lesser fr uencles may sugg st th pr s nc 

of mosa1c1sm of the typ XO/xX (Bamford !.!. il_., 1964). 

Tabl l shows the result of th peripheral 

blood doterminati on of lm1 vi ual showi09 gross repro­

ducti ve disorders. 
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3. IA I\ T E !\ 1 A J& A }j D H A I H 0 D 

The present lnveatigationt ere carried 

out to determine the rnc1pl,clc;Jfal attributes of sex 

diagnostic appendage (drumstick) in tbe blood sm s 

of goa ta and buff lees. 

The animals screened for th sex chromatin 

st udiea belonged to th herd of tional Daizy search 

Inatitute, Karnal. One hundred and forty goats of 

dlff rent breeda, viz., Baetal, Alpine. pine x 1 

cresses, arum x Beetal crosses, n x Al.pin x 

Beetal a:oaaes, ard also tw nty eight buff aloes of 

um:ah breed were included in the present studies. 

Table 2 furnish th details of the 

anlmal• ln rel t1on to th ir bn da Id sex. 

Blood was coll ctad by the f ollowirv:J 

t chnlqueaa-

3.2.1. ftSMP \bl ear \lelna,-

Th• hair over th ear in of th animal 

were ibl d off wt th a shaving blade. Th cl ned area 

on th ea as th n rubbed af • applying a thin layer 



.. Jo-

tABL£ • 2 

!:~~' •11v\Matal •°'71111. s.a aJ•ttan SA t.bau . -.-...... -.-.-.-.-,.-.-·-·-·-·-· -.-.-.-.... -.-.-.-.~·-·-·-·-·-·-·-·-·-·- .-.-.,,.·-· -.-. -·-·-· 
Specles/Bned 

A. GOAJ§ 

Beetal 

Alpl• 

aa•n x Beet.al 

Alp!M. w 
SUAanxAlp1: xBe•tal 

Total for all the 
goat•: 

a. Uf>\J.Q 
:urrab 

ovenll totali 

- Mt m:PNPI 
0-1 y•r R years 2-3 y·nra 3 years & aLive 

.9 -
3 5 

·6 2 
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of xylene. Thia mad• the ear vein prominent. w 

the cleaned area around the vein aa sterilized 1th 

a cotton awab dipped ln alcohol. .-ollen prominent 

marg!Ml vein waa then punctured wl th a sterilized fine 

needle and the blood flowed quickly in drops. First 

few drops were wiped tMtJty m th n one drop was taken 

on the clean slide or a cov slip arxt 1Jn9ar s 

prepared. 

. The animals were restrained in a trevi s/or 

at an uon railing. The n de of th animal was turned 

to one sld• held with the ~alp of a halter. The 

jugular vein waa located by pJ:ess1ng with the thumb and 

after applying nctifled $p1r1 t over and around the vein 

1 t was punctun.d by stabbing w1 th a sterilized hypodertni c 

needle of U/1-6 ga\lge. Tba blood colleeted in a t st 

tuba contaiaing 2 ml of anticoagulant soluti n (20 gms 

sodium CS.trat•• ~ 

lltre of water). 

sodium chloride dis10lwd in one 

3.3.l. aning .of slides and cover gl ·~··-

Clean, grease free Blu star ( per Deluxe ) 

mJ.cnalld•s of 1 m th.lckneas • used for th prepar -

ti.on of blOOd 11119ara. New elld • were dip ir. tlally 

for 24 hour• in di chromate cleaning solution (sodium or 
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potaaaiUG- dichroma • 100 gm dissolved in ~ ml of 

wate~ to which 250 ml of concentrated ulphuric acid 

••• added carefully). The al1dea were washed 11 in 

running tap water for overnight after :removal from the 

dichramate cleaning mix~ • and then rinsed in glass 

distilled water. These slldea were stored 1n 95 or 

lC>m alcohol till used. The alldas war dried and 

poliehed with a clean soft muslin cloth just befoft use. 

The blood smears on the u eel slides were first washed 

wl th water and then cleaned •• described abov • 

Qwer glasees required for th preparati on 

of blood smears wue al so cle ned in the 98m8 manmr. 

3.3.2. Ea»a;at\pn pf Rltod film• 

3.3.2.1. By sJ.ass slide -~·- Ona drop of blood was 

taken directly fJ:Om the ear veln or from th blood 

collected from the jugular vein. Occasionally th extra 

blood was drained off from the allde to help 1n maid.DJ 

of a th~n blood smec. Th• blood drop waa placed about 

one or two cents.meta •WllY from one n:l of th c:l n 

gla11 allele. Por tha preparation of the smear a 

•blood epre dU• waa used. The bloo apr der was 

normally another ml~•llcle having an even and unchipped 

edge and with lt1 cornu-s gnund 10 that th 

the 1pread1ng eclge wae always le1ur than t 

dth of 

sllc:la width. TM• spr adlng edge of th bl od - ··- ad r 

was th n htld at an angle of about 30 degr • on th 



alld• hevlng the drop of the blood. The blood spreader 

••• then clnwn bactwucts untll lt just touched tbl 

<b:op of the blood. The =op of the blood s then 

immldiately • spread aoothly • evenly, qulckl y alon.;Jw1 th 

the edge of the •reader al.la maintaining the angle 

of 30 degrees. Blood amau-s of modulated thickness 

were prepared and allowed to dry CJ.d.ckly in the a!r. 

The all de having the blood smears were coded With a 

diaraoM pencil. rtxrmally two blood smears slid s er 

prepared from •ch animal. 

3.3.2.2. B¥ -· QJ.11s mtbodt- clean, dry, grease 

ffte aqua~ cover glass (22 m) was held in each hand 

by the edge. on drop of blood was placed on the cov 

glass which was held horiaontally. Now the ot r cover 

glass waa super~oled diagonally on the drop of the 

blood. Tbe cover glass held above a quickly removed 

from the =ntact with the blood dnp. This facill tated 

the preparation of • .ear of even tblcJmess. The cover 

glasses having the blood .. ara wee dried and stained. 

Thia technlque was discarded after initial experimentation 

because of d1ff1cul.t1 1 encountered in the aafe preserva-

tion ef ccwar a11p • ara. 

3. 4.. PJXAP N 0 TJiE BUJOp a@Aj\i 

The blood .. ars prepared on th alleles/ 

cOY• gla ... 1 wee fixed in methanol for f iv• ml nu s 

and again ctrl ... 



3.r>. i{AJN1NG OF T BLQOD 

The f ollowlng techn1 quea were employed for 

tbe staining of fixed an:! dried blood smears. 

3.5.l. te!shman•s Staining Techniq 1-

Brl tish drug hou (BDH) Leishman 's a i n 

waa used f or the ttalnlng of the sl1dea. 

a. 5.1.1. PrfajlraSioa 9', atalpa- The Leishman' s staining 

powder auppliad along m. th the 250 ml staining bottl 

of BDH was transferred f:rom the packet into the sol nt. 

This wa1 dissolved by occasional shaking am filtered 
was 

after 48 hour , Thia staining solution~used for the 

st.a1n1ng of the elide• aJ'ld was stored in a refrigerator. 

3. 5.1.2. ~ftLnlng gmcesturt i- dried and fixe sm 

side of slide were kept up ards en a staining r ck 

(two parallel g1 ss rods 5 ems apart). The smears were 

then covered with the undiluted stain for 30 minutes. 

Th stain was then diluted approximately two volumes of 

phosphate buffer (11 75S gms of disod!um hyd%og n 

phosphate and a.981 gms of potassium dihyd.rogen ortho­

phoepbate in one 11 tar of glass d1 st lled water nd 

pli adjuated to 1.34). and tbe slldea we kept fer 25 

ndnu a !n the diluted taln~ The slides we finally 

waabed with the tame buff IOluUon. Th lower sid9 

of the stained slidea -.re then cleaned and ~ed with 



dry mua11n cloth. the stained s l ides wer s ttd1ed t or 
the quantl tativ attributes of tM aex chromatin (drwn-

1tlck) appendagea. The stained slides were stored in 

the slide box for the Hrffrd.ng. 

3 •. 5.2. Vlrigbt '• staining ~chnlques-

3. ;;.2.1. fDPtc•tian pf •Silo•- The ·on1ng solution 

of Wd.gbt •s atain was prepa%ed by mixing diy pO\cder 

of the stain (BDH) into 250 ml of the solvent in a 

ataintng bottle. The staining aolution as ripened 

for about ~2 eeks. This waa f 11 tared and stored in 

a refrigerate for staining of the blood smears. 

3.s,2.2. ~!J.d.!5 pr~~adU.nt•- Th~ slides having th 

dried and fixed amens ~ plac on a s in1ng rack. 

The _.an wen then covered wi t h the und1luted taln 

f o-. 20 mlnut ee. The stain was diluted with equ-1, 

volume of phoaphate buffer pH 6.58 ancl kept for 20 

sn1nutea. The all ea wen waah«I final l y in the same 

buffer. The .rear aurface of th stained slide _ w 

d~led Gleaned wl th a cJ. muslin cloth and a tor d ln 

llde bOx fo-r acn•rd.ng. 

3.~.3. Gl maa staining Technique.,. 

a.~.3•1• $lntno MlJIURD•• • rclally available 

BDH atainift!J eolutlon waa uHd for staining the blood 



3.~.3.2. Staining procedur a- The ah dried blood smears 

-~· prefixed fu 3 minutes with methanol am then 

dd.«l and immersed in the diluted Giemsa ata1n (l volume 

stain and 5 to 9 volumes of phosphate buffer pH 7.0) in 

a co•lin jar for 40 minutes. The stained slides were 

then washed ln distilled water and dried 1 n the air. 

The atained slides wen then stored in th slide boxes. 

3.€.. MOJNTI OP i[Al~ BLOOD £AAS 

The blood smear preparation of t he stained 

slides were preserved by mounting them w1 th Distrene-
(6 

Plaat191zer-Xylene (DPX) mountant. lWotthree dropa of 

DPX aountant were put on the smear at different plac s 

on the llld•• and a clean coversllp was gently 

1nellned on the slide. The air bubbles, if arr,, 1 ft 

wue zemoved by slightly preaaing the coversllp on t he 

slide w1 th a · needl• or by alight wuming of the mounted 

preparation over a flame. 

3. 1. SQ!Efilil N3 OF !JiE SLJ.DES 

The pezmanent slides prepared from th 

1nd1v1dual ard.mals were studied und the oil immersion 

objective of (X.1500) the Meopta bin ular mlcroscope. 

Pi w leucocytes w1 h ell sUnct drumstick appendage• 

and other five without drumstick wer selected for 

quantltattv maaaunmenta, from each of the coded 

allde. 



n.e·· technique of quanU tatt.v aurements 

f ollowecl wen '8me •• glvan by Levij and car 1 (1968) 

and Mukherjee ard Slngb (1974 ). 

3.a..i. r&wtn of tbt AamtS.a•s-

D1•t1nct non-ever lapplng drwnstlcks w :re 

plected fe ~ntitatlvt wre•nt• to aduc the 

erro% in the meaSU»amnta. for the di .. ter of the 

oumati~ hlld breadth and lengthr -- 1111 sured wi th 

an. ocular ad.crocnater. The average of the two measuze-

·menta wtre taken •• d1amet.. 

The area of tbe clruJllUck •• calculated 

f~om lta dl•meta ualng tr ~2 ln Which r HF••nted 

the radius (half of the dla.Wr ). 

3.a.3 flilMtM of t.ht ttasJ.tuaa .. 

n. ave•age of the two main axe 1 of the 

nucl u• at rlght angles to .. cb oth give the estimate 

3 .• a.4. AIM gf ij>• &G11VI'• 

The aw~g• raacl qea waa calculated 

wlth the fuml•JT.it (IAdj •l'W! canl, 1968) here 

• n:I b repre•nted o.r. >C average of two alll a • 

HIP vely. 



3.8.~. Ba\1Q.. Qf nw;.\•ar ·GIL tp d.Eum•:t\Gi '"" 1-

The ratio of nuclear area te the sex 

chromatin (4rurnst1ck) was al• calculated from th ir 

resp ct1ve areas. 

Th9 m1"°9raphs re t.ak n with Lei ts 

microsccpe at (x640) CJagnlfication uei~ OR o 35mJ 

mlcro-fllm. The prints of the !115.crof Um were made at 

an enlargement of X2784-. 

3 .10. i'JAIJ Sll<¥J.: ANAL)' sas 

Blood saq>l•e of ona ll.lndred and forty goats 

and twei*/ cght M\lr.l'ah buffa~a wen scr ned to 

determine the quantltaUve characterlstlcs of drumsticks 

(a•x ehromaU.n) appemage 1a their polymozphonuclear 

leucocyt a. The sd.gniflcance of the dif ferenc:es were 

tested for the aveagea of the manunallan chuactcistics 

namely, rucl area, area of the drumst!ck (sex 

chftllatin>. the ratio of the nuclear area to the drumstick 

(aex cbJ:omatin) an and the diameter of the drumstick 

(sex chromatin), employing analyaia of vari nee t chn1.que. 

The bfttd m n1 of dnmstick ar•a and 

drumatlc:k diameter of goats were coq>ared w1 th ona another 

using ouncan • s Multiple Range Te st (19~ ) • 

In o"•r to a.tudy the ef feet of agG and 

bre da on size of the drumstick• in goats, l•a1t squares 



a ftl\lyats was carried out by f 1 tti.'lg th constant a f err 

dlffaeat age 9"Uf>• (O-l year, 1-2 year, 2-3 year and 

3 ye~ and abov•) and bre s (Beetal, Al.pine, saanen x 

Alpine x Beetal, Alpine x Be tal. saane.n x Beetal 

c.ro ... a). the mdel uaed waaa 

ban• 
Y 1Jk • k th observation in the i th bned and 

jth age group, . 

JJ • OVerall pepulation mean, 

Si :;J if feet of 1th breed• 

Aj • Effect of jth age group, 

CJ.Jt • Random cror ueodatai 1th ktb 1rd1vidual 

normally and indeperdently dlstr!but with 

mtan z•ro and var! nee c1 2. 

I was assumai that the size of drumstick 

was nom.ally d1 strlbuted in this population of goat • 

The l8ast squares ana.lyais was dor• on Hindustan 

Mlcro-2200 coq>uter. 

The estima •f tandard erroxi of least 

k out &an the lnvera matd.x a 

s .... /
(Efd + ell) e2 

hen, 
t:fd- • Inverse ma~lx 1n u rows, 



r11 
w = Co:a apondir;; di~goaal invuss element 

for 1th constant, 
2 • = t?aor mean square 

The dlff erence between lea t squares meana 

of diff ereAt age gJ:-oupa am bffeda wen test.ad far 

slgniftcance by naly sis of variance u ing F-test. 

~lld.la~ly least squue analysis ,,. •• done 

to etudy tlw effect of nuclear lobing am different 

bneds f goats on the she of thl drumsticks. Th• 

calculated leest aquares na of the two traits 

we.re then teated u&\ng ·- st. 
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4 • I\ ! .s Y J. T S A N D D 1 S C y }; 0 N 

The •• chnmatln l• known to be a hetero­

pycnotle X-cbreolOID9 and therefon its S'talning 

pnpe_rties are f cm the most part self evident. The 

reactions of the ..-. chntnatin to variout dyes helped 

te establish lta chromatin nature and an of some 

theontlcal as well at ~actical a1gn1.f1cance (Barr• 

1966 ). Romanowlky '• stains., Vis.• lght •s am 
Lt1abman '• ataiaa gava Mf t pink c:olour to tbe red 

blood cell• and the nuclei of polymozphonuclear 

leucocytea aloagwith their dzum "tick bodies hich 

ap peered dal:k pmpl• 1-n their colour. tawever, 

atalning of bleod ••ar• with uure ctv• (Gl.emta stain) 

sttW. w 1n soft pink OI' yellowtlh erythrocytes am 

th• nuclei of polymorpbonuclear leucocytes and tbelr 

•• apeclflc appeldagea appeared from light puzpl 

to clult pueplt colound. But t talning properties 

wl th z-eg•xd to the colour wa obl9JY9d to b vulabl • 

SOMtlm•• en two f Um• stalnecl f•om bottle of 

at•ln dlff gze Uy. Fallues to ge Usfactary 

~ u1 ta wi tb the• cly•• ..S.gb't. b attrU)\at to he 



inconect reaction of the stain11V1 fluid. In general, 

a pnpa~at!.on \'J8S found satisfactory whe-n both nuclei 

and neutophlllc gramlea were distinct, regard!•• of 

their col.our. 

Two types of drumsticks were obs rved in 

the present investigations (Figs. l an:l 2). The first 

type of the c:b:wnatlek ppendage exhibited a well 

outlined distinct head attached to the nuclear lobe 

of the polymo%J>honuclear leuco.cytes by a siB.Jl.G thick 

stalk. However, the other type appeared as an entir ly 

nunded body lying completely fne from the other 

nuclear structures. It nmalned attached to the 

nuclear lobe by a very delicate strand which could not 

be obaervad ~i th th resolving power of the light 

ml=oseope. urthy and t9Jllm (1962) hav also observed 

aimllar types of drumsticks in segmented and non­

segmented neutrophllic laucocytes of human beings. 

t>avldson and Sill th (1954) nported the presence of 

.stalked dr\ID&ticks conaist1ng of filaments of varying 

lengths. Drumstick• Gensi sting of well defined 

solid chromatin nodule joined by a single fiM chromatin 

strand to one lobe of the nucleus have also been shown 

by p.0:rter (1957) and aai:pentier 11 Ya· (1~7) in bl tches 

and female xebbi ts respectively. Bamf cml (l '- > 

clas•1f1ed thick stalked drumsticks •• a •atypical' 
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F;g.1. CHARACTERISTIC DRUMSTICKS af" DIFFERENT 

SIZES IN THE POLYMORPHONUCLEAR LE UCOCYTES OF 

FEMALE GOATS.(x2784). A- C BEETAL BREED ; 

D - F ALPINE BREED j G-I ALPfNE X BEETAL 

CROSSES 
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Fig.2. TYPICAL DRUMSTICKS OF DIFFERENT SIZES IN 

THE POLVMORPHONUC LEAR LEUCOCVTES FROM THE 

BLOOD FILMS OF FEMALE GOATS ANC BUFFALOES. 

(x 2784). A - C SAANEN x BEETAL CROSSES ; D - F 

SAANEN x ALPINEx BEE TAL CROSSES ; G-I MURR AH 

BUFFALOES. 
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Fig.3. CONFUSfNG - NON- S '"'E IF C A PP E D 0 

TH E NUCLEI OF POLYMORPH NU C L E ~ R E COC Y TES . 

A- C SMALL TAGS AND TH READS , SHAPfD LI K E A 

DRUMSTICK BUT SMALLER & LES S INT E N SE LY 

STAlNED ; D - I NUCL E AR LOB S ~ DIS TI NGUISH ! 

FROM A DRUMSTICK BV IRREGUL AR O UT LINE S 
• AND CONTOURS. 
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ap e ndage s nd t ·ii n sta l ke a s 'n . a l ' dr ·1:i :; t i ck !" . 

L- i gur 3 shows a vari t y o non- x 5p A Ci f i c 

ap , n a gv S rb s:Jr v ed duri ng t h...., c r egni n<J of .)l oo,] f i l ms 

o f 9oa t s an · buffa l oes ann car e .10 t ak n t o i stinCJ ui s , 

t hon f ror.i true drur~ ticks . .j ir.tl.l non- sp " Ci ,. i c 

appendages ~ av al o een r G r t.Joy J1vi so £Ii t .. 

(1963 ) a 

Th'lse app0nd, 'J s v-1 r e di ~ t i ngui shod fror.i ·..i· . .:. t i cl· s 'uy 

t 1eir size a n ! upe , and/ or t l1 ")i l a-s i n ensc ~ 

(drumstick s were ~ · ghly c ndc.. ns cd dot'ply t i n_ns .) i ~ - ). 

JOmE' of sue' non- specifi c J )pe nd.a go s w~r c. o s-r v ~d t bo 

smaller t .an drrn1 sticks ( 3 , ~ ) 0 t'. l • ' . . - v ' ' 11 r s J r 

di stin ui shl?d fro r. a rumsti c by i r:rc ul a r ut l nc s 

and contou_ s , i n ') . "' 

t cnT.l · ns 'minor l ob e s ' (Fi .) . 3, ' I ). l\inor l o '2' 5 .1_9. t 

be c ncctad t th _e st cf t 9 nucl f:l us by on or two 

f i l nr..i0nts . Dnvidso n , nd h it! (1 95 ) have l so ,.. ,: ·.m 

s :rl.l l r 'minor l obe s ' i n t '"' l o ·_.. .:- i l i. s nin n ,J i ng s • 

I t i t ~t , t _ :lr un . ti c : ~ ·1 ;C'- p r _ s. n ., u 

ob 5 ._ r vo to b , loc.:i t d arry ·; :er i n t :) curve o.: t h 

n . ,1 u e ( • i 9 . l r v- ' -i -=i . · , B- , I) t po! oe , 

in s . e cell i t ·Jas se r: n cap ·)i J cl ose · ·~ t '; l e 

0 t l nucle us (,:1 .l, -= , =; t: i g . 2 ; 8 , ,:- ) or j u ·ti n'] 

s l i 9h t l y from t t i p ( i g.l, • ; .:19 . 

;imi l a r loc1. ti o - · t r ms tic ·s have al so b :-on 
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reported by urthy and Haam (1962) in normal and 

pathological wh1 te blood cell.a of humans. 

4.3. Sli§ 

Plgurea 1 and 2 ahow drumsticks of various 

t1zes in different breeds of goats and urrah buffaloes 

ueed in the present studies. The average iz of t he 

drumsticks was observed to b• 1.0 At x 1.15 Al and 

1.0 Al x l.O A1 in gea ts and buff aloes respectively 

(Table 3). Goats of Beetal, Al.pine an:i nen x Be tal 

cnasas showed an average si~ of l.O .u x l.25 Al. The 

drum$tick s wee noted to be of slightly saaller in their 

size in goats of Alpine x Beetal crosses and saanen x 

Alpine x Beebl crosses w1 th a mean value of 1.0 Al x 1.0 ...u. 

Klinger (1966) zeported that the most mammalian sp cies 

generally exhlbl tad drumstic:Jcs of r emarkably constant size 

which measured about o.a Al x 1.11'1 w1 th a range of 

o. 7 AA x 1.10 Al to 1.0 Al x 1.4 AJ. In th pres nt study 

the size of drumsticks was observed to lie i thin the 

aam range, i.e.• from l.O AJ x l.O ...u to l.OJU x l.25~. 

can Nell t1 !1.· (1958) also recorded drum ticks of same 

or<hm of alze in normal awlne (O.SJU x l.l2A1) ard 

in 1nter sexes (o.s2 Al x 1.12,,.u ). The drumsticks of 

appzoXS.matelY aamt slae in various animal ape cl a have 

81 80 been rtco%ded by onuma (1964). Ht zeportad th 

aveJ:age slat of drmstlcks to be l.O AA x 1.4 JU 1n th 
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femaJ. . • of cattle, bor s. goats and :rabbi ta and 

l.O ..u x 1.3 A.I in the foraal • of swine. Barr (1966) 

••tumed • falrl.y conatant degre of condensation of 

h•'-opycnot1 c X-Chromoscme in meat "*Bmalian aped es. 

The aeana of the quantitative attributes 

of drumsticks and polymozphonuclear leucocytes imclei 

have been given in Table 4. In goats the mean area 

(l.016 AI
2 ) and m•n d1•etar of the d~tidcs (l.090A1) 

wen obeuv d to be ellghtly mon than the buffaloes. 

The mean area of ckwlstlclts and mean diameter of 

tl 
. 2 

dZ\llt &ks measured 1.006,,u and 1.065.Al respectively 

in buf faloee of unah bre • Mukherjee and ingh (1974) 

aea1und aame cllmnalonal attributes in variou breeds 

of cattle and Murrah buf faloea and reported that th mean 

ar (0.959 ,u2 ) and mean cllamter (o.994 ,u) of drumsticks 

ln cattle waa aon than th• nwan area (0.688 .AJ
2

) nd 

diametu (0.193~) of ctnmatick• 1n buffaloes. In the 

present lnveatlgatlons the ratio of the nualeu area to 

tb aumstl~ area a observed to b• more in buffaloes 

,(78.492) than l.n goat (61. 70) be u .. of the coftSiderabl• 
2 

variation in the nuclea,r area of th bu.ff 1 • (45, 38€)U ) 

and goa 1 (42.022,.A12 ). Tho ratio of nuclear ar to 

dz,astlck azea • aleo obacvad to be hlgh in buffaloea 

(64.299) a1 compared to cattle (49.210) by ukherju and 
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IABle£ ~ 4 

:r:;eiaf::;l'!:*!f:;:n ll~•u J.auGOSY•• 

. ····-·-·-·-··-·-·-·-·-·-·-·-···-·-·-·-·-·-···~· -.-. ···-· -·-···· -. -.-.. -.. -.... -.-.-.-.-.-. 
Qft•cle.a/kffd l!Ucleu •rea ~) Dzma~ick area c.l-) .,.. A B aet1o 

Ml 
Diameter ef 
drumsts.ck (u ) 

A. GOAJi 
Beetal 

Alpine 

saamn x aen.1 
Alplm x Beetal 

saan&nxAlp!.nex&eetal 

ban for Goatsa 

B~ BUPfA1a9Ej 

Mun-ab 

41. 731 + .l .338 -
·.388.+ l.380 -

43. 794 t.l .322 

37.l&'l ±.,0.944 

43.0-21 ;t.1.406 

42..022 t_ l.288 

46. 386 t_.1 •. 391 

1.070 t.0.043 

1 •. ~5 t. 0.050 

1.024 ... 0.04& -
0 .912 !. 0.045 

0.920 ±. o.044 

1.016+ o.04& -
i.006 + o.osa -

56 •. 022 .. 4. 726 - i.123 + o.025 -
M. 834 t.. 4.J.11 l.17lt.0.027 

58. 819 ~ 4· 095· 1.10':> !. 0.02& 

64.~68+ 5-114 - 1•023 t. 0.021 

74.261 t_6.846 1.021..0.0%7 -
c.1. 101 +· 3.562 1.090 + 0.028 - -
1a,.492 + ?>.974 l.oe + 0.033 - -.-.. -.-. -.-.-.-•. -.-.-.-.-.-.-.-.-.-.-,.-.-.-.-.. -.--.-. -.- .-. -.-. -. -.-. -. -. -.-. -. -.-. -.-. -. 



Slngh (1914 ), The p ~t findings indicate that the 

clruutlck haa an identity of 1 ts own and 11 least 

!nfluenhd by the rest of the nuclec material f-rom 

which it is farmed. It was expected that in species 

and bre s wl th a larger drumstlcka, there would be a 

amaller nucleue than those with a smaller sex chromatin 

and consequently largez nucleus beca~se the drumstick 

appendage 1• th que:ad out part of nucleus of poly­

moJ:phonuclear llQcocytea ruclei, This e>epectation waa, 

however_. not c.onfi:med in the present stuclies as goats 

wl th nucltu area (42.022 N-
2 ). smaller than the l'l.lclear 

area of buffaloes (~. 386 ,.u2 ) •hawed slightly larger 

chnnstlck• (1.090 Al) than th dzumatieks of buffaloes 

(1•065 ,M ). Table 5 gives the analysis of variance 

of the tntnsuratlon chuacterlstlcs. In the analysis 

of varl•n•• tbe varlaUon1 between Beetal, Alpine, 

saanen x Be tal aoas •• Alpine x Beetal crosses and 

aa•n • Al.plaw x seetal c:ro ... s wU'8 considered to 

be as var!at1on1 between breed• within a apeciea. and 

variation• between goats am buffaloes •• variations 

b•twten tr>ffi••• The mean sun of squue bet\..een breeds 

and specl•• (at~ d.f.) a partlttoned into mean sum 

of aquue between aped • (on 1 cl f. ) nd be n b~a 

within a aped ~ • (en 4 d,f. ). Except nucl ar a:ea, 

•rN of drm•tlek nd bmstlck diameter betwe n speci • 

and the nucl.-r nea betwa n breeds within a 1p dea, 
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::t;!•,:a =~ti~'af:=~R'iRllR layeqsyt1
1 

.. -.-.-.-. -.-.-.-.-.-. -.... -. -.-.-.-·-··-·-··-·-·-·-···-·-·-·····-·-·-· -.-.-·-··-· -. -.. -.-.-. -· 
source of Var1at1en d.f. Nuclear area 'tt.J2 ) Area of Alb 01. ameter of 

drumat1cks~2 ) drumsticks "1 ) 
A B 

(MU) (M$S) (Mss) (MSS) 

Between spedea l 1320.60 0.01 17191.65 o.085 
Between bneds 
within a 1pedea 4 1161.625 l.48* 9673.92 0.617* 

Betw•n animal• 
wi th.ln a bnad of 162 5b.f>3* o.420• f)·190.S3• 0.15 
goat and buffalo 

Between slidsa 
within anlmala 672 158.49 0.290 3340.79 0.097 
(Error) 

.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-... -.-.-.-.-.-.~.-.-.-.-.-.-.-.-.-. 
*~gn1f1cant at 5% level 
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the teat of the character1at1cs va~ied b tween br da 

wl thf.n a apeci • and b•twMn animals .1 thin a b d of 

goat and buffalo. Q'Jmpariaon of bxeed means by 

Duncan's (1955) multiple range test between drumstick 

area and drumstick diameter (Table 6) sho a that the 

means in Alpine x Beetal czosses and saanen x Alpine x 

Baetal crosses are significantly less than pin , 

Be tal and saanen x Beetal crosses. Out of the l atter 

three bneds, however, none showed sign! f l cant 

dlfftrence in th ir parameters from the other. Th se 

vadat1 ns observed in the drumstick dimensions b twe n 

different breeds of goats might be attrlbuted to the 

differences in aiz• of their X•~h.rcmosomes (Pr.1kash1 

l9T1) whi oh an involved ln tb formation of ct.:umsticks 

in the polymorphonuclear leucocytes of mammalian fanale. 

TAB~~ 

w;,=J1Wtt'flqap' SAPIUU:l•na •AM 

..... ... -. -·-·-·- .. -· -· -. -.-....... -.-. -. -.-.-. -. -.-. -·-·····-· Cb•rac-- M n each laxger than an each smalle% than 
terlsUce and s1gn1flcant11 and aig.nificantly 

diffannt(FL0.05 different (PL,o.05) 
from those rn (b from those iii (a) 

(a) (b) 

Drmatlck .Beetal, Al.pint! 
ar .. (B) saanen x a.eta 

01 .. t... Bfftal, ~l~1 
of druat· saanen x ae iu 
1tlck - (u) 

Al.pine x Be tal, 
sa nen x Alpine 

x Be tal 

Alpine x Bfftal., 
amn x Al.pine 
x Be tel 

···-·-·-···-·-·-·-·-·····-·-·····-·-···-·-·····-·-·-·-·-·-· 



easurementa were carried out on polymorpho­

nucleu leucocytet of goats of different bre d and 

Muaah buffaloes. Table 1 ahows the differences i n sizes 

between nuclei containing cmumstieks and those without 

th9m. The drmstick eontainlng ruclei measured 42.022 Al 

in goats and 48.3861\1 1n buffaloes. However. th nuclei 

laddng the drumsticks war• noted to be on an averag 

laqc and their sizes were observ to be 44.003 AJ 

and 47.697 ,u in goats and buffaloes respectively. 

Simllar observations have also been reported by r. ttwoch 

(1963) • Meaaur n ta which wan carried out n cultured 
~ 

fibrobl••t in humans showed sex c~omatin containing 

nuclei on an average, some hat smaller than nuclei 

w1tb0ut them. ~larly, the nucl•l containing a 

centrally placed sex c:hramatln body also reported 

to be signlfi cantly mall er than those nuc:lel without 

auoh sex chromatin bodies by ttwoch (1964) in 

f1bnbl•at cultures from *in biop lea. This d!ff e nee 

in the slzea betwe n nuele1 wl th and w1 thout sex 

chrcmatin bodies may be aacrlbed to th direct effect 

of th• cotdewtion of one of the X•chnmosomes to 

form a ••x chJ:amatln (dr\Rstlek ) body• which sul ta 

in th• reductl ln nucl lume. Thi difference 

could alto b as ociated to an indirect effect ot~it.... 



•{)2. 

t:ABLE ... ! 

~~rrf!rhmNGJ.11r l•WQAYtta 

Spec!e·s/Bned 

A. GQAli 
Beetal 2a> 44.642 15.843 41.731 15.832 

Alpl.M 280 «-.612 16.za 44.388 16.334 

saanan x Beetal 2f:D 4~.710 14.701 43.784 J.5.637 

AJ.p1·ne x Beetal 280 37.432 13.400 37.185 11.174 

sa-anen x Alpine x Beetal 200 46.619 17.176 43.021 16.632 

Total for Goatss 1400 44.003 l!;.476 42.022 15.122 

B. BYf F NcO ES 

Mun-ab 280 47.687 15.403 M; • . 386 16.530 

.~ ... -. -.......... ~ ............. ·-·-·- ..... --.... ~.- .............. -..... -.-... ......... .......... -....... ~ ....... -. ~.-. 



pre .. nce of sex chromatin bodies only during certain 

I tag• a of the cell cycle when the nucleus may not be 

at lts maximum slze. Mlttwech (.1964) also gave a 

s!nd.lar explanation, and opined that th Barr body may 

become unrecognizable during DHA replication, hen the 

nucleus may be largest 1n its size. Thus t he nuclei 

without Ba: bodies appear larger in their size than 

the nuclei without them. It s ms likely t hat both 

the factors outlined above operate slmul taneoual y for 

the d!ffuencea in th sue of the nuclei d.th am 
without aex chromatin bodies in them. 

The diameter of the drumsticks and the 

number of nuclear lobes as obaened among various breeds 

of goats and unab buffaloes have been shown in Table a. 
The diameter of tile dzumst1cks ahowtd an abrupt incr se 

otr deczeaH (fluctuation•) in different b ... - .. ~ grOUps 

at the number of nue-leu lobes per polymorphonuclear 

leucocyte increased fran one to ix. Slgnific nt 

variations in drumstick diam ters were observed between 

lobes and b t••n different b eds of goats (T ble 9 ). 

The~ an no such ~ta available in th 11 t ature 

ao far pertaining to aiad.lar ob Uona on tbe 

diameter of drum tleka and nu ear loblng. How r, 

"VG l 1nv at19ator1 haw reported the inf lu r.~ of tha 
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TAB!. - 8 t . 

. -.-. -. -. -.-. -........................ -.... --................ -.-. .... -. .-~-.-....... -.•. 
Specie a/Breed . · 

.-....... .,, ..... --~.-.-.-. -. -. -.-. -.-. -. -.-. -• -. -. -·-·T· -. -. -.- .--.-• 
l 2 3 

A. GOATS 

Beetal l.05Q.+ 0.121 l.142+ 0.051 i.u1+ o:.038 
(iO} (29) (~) ' 

Alpine 1.229 ±. 0.123 1.063 t_0.062. 1.164+ 0.037 -· (6) (19) (,7) 

saanan x Beetal 0.911+ 0.213 0.971+ 0.010 - - 1.121 ±. o.o~ 
(3) (17) (67) 

Alpine x Beetal o.~+ o •. ooo 0.991+ o.064 - - 1.014 + 0.038 -(0) (27) (69) 

saanen x Alpine 1.375 + o.ooo 0.969+ o.056 1.042 + 0.044 
x Ba·e tal - - -(l) (28) (59) 

Mean for Goat• l •. 143+ 0 .. 100 1.027+ ()-.033 - - l • .tGO .t. 0.030 
(20) (120) (314) 

B. BUFF.ALOES 

Munah 1 • .200 t. 0.101 1.055 ±. 0.011 l.Of>3+ O.~ -(lo) (34) (6l) 

4 

l.~+ 0.041 
(35) 

1.257 ±. 0.055 
(36) 

1.111 ±. o.048 
(35) 

l.0-24 ±. 0.059 
(j6) 

l.019 + 0.053 -(40) 

1.ua !. o.045 
(J.82) 

i.009 + o.065 -(28) 

5 6 

l. 000 .4() .125 
(j} 

o.875+ o.ooo en 
l.ll3 !>·088 1.375±. o.ooo 

(21) (l) 

1.017 !} .069 1.083±. 0.182 

(15) (3) 

1.250 !Q.094 o. 750±.,0.000 

(7) (1) 

i.u4+ o.oa0 o.m + o.ooo - -
(ll) (l) 

l. 099 + 0. 045 0. 992 + 0 .110 - -
(57) (7) 

l.Oll+ o.252 0.792+ o.042 - -
(4) (3) 

an diameter Mean 
of drumsticks lobe 
for all lobe counts 
numbers~} 

i.123 ±. 0.025 2.964 ±. o.l25 

l.171 ±_0.027 3.357 :t.,0.109 

1.105 ±. 0 .025 3. 343 ±. 0 .127 

1.023±_0.028 3.186±_0.082 

1.028±.,0.027 3.250:t,O.l0 l 

l. 090 !.. 0.029 3.220 ±. o .071 

1.065±.0.033 2.936±.0.118 

. .-..................... -- .......... -.-............. -......... -.-~ . .,.--.-.......... -..... -.-...- ........ .-.~ .......... -.-.-.-.-.... -.-. -.-.-. -. -. -. -. -. -. -. -. -. -. -.-.-.-· 
Plgurea in parentheses indicate t be mmber of observations 



degree of nu~ear lobiQJ on the incidence of caumsticks ~ 

(Davidson and Smith, l~I Luers and Petzel, 19581 

Siebnar I! !l• • 1963). Th se workers have ob served an 

increase in the fr quency of drtlnstlcks d th t he 

increase in the lobe number from l to 5. How er, 

apeciftc and detailed lnvestigations are needed before 

lrf/ conclusl•e explanation for these variations in t he 

slu of drumsticks w1 th t he increase 1n the lob number 

of polymorphonuelear leucocytes nuclei may be ascribed. 

TABIJi • 9 
I 

·-·-···-·-·-·-·-·-·-·-·---.-... -.-.-.-.-.-.-.-.-.-· 
source of variation d.f. SS SS 

Between bre els 4 6.439 1.61** 

Between lobes 4.836 0.96.,. 

rror 690 249.404 o.361 

~ -~ - ~ - ~ - - ~.­. -. -· -·-··-. -. -. -. -· -. -. -. -. -. . . . . . . . . . ~ . 
• s.1.gnlf1cant at 5"' level 

** gnlfi cant at 1 

d.f. • Degree of f~d 



Table 10 shows th variations in the 

dlamet of dJ:umatick• obserwd in th• different age 

groups of goats and buffaloes. The average of the 

diam ._ of thl drtaatlck• ln th goats from birth to 

on• yeas- age~ measured l.042AIJ 1 to 2 yaaz 1.095 u; 

2 to 3 year la082,..u and 1n age group of 3 yean and 

above meaauzed 1.143 Al• tbw er, in buffaloes the 

mea~ementa of drmstic:k• ore carried out only in 

the -.o age groupe in which O to l year age group 

aho..t drumsU.ck• of 1.13' Al and 3 years and aJ>eve 

m••auzed 0.990 Ah In the goats of different age 

groupa and breed•• the variations in the ~•tick 

dlaa~ter were obaerved to be statlstically sl~n1f1cant 

( 11 bl• 11). Slmllar observations h va also been made 

by Kayumov and Dad.t.rleva (1913). These worken 

bave studied quantitative cbaracter!stlcs of 1 x 

chrcmat1n in women of different age groups (30 y rs, 

30-45 yeas and over e years). The sex chrom tin 

area• were nporied tO vuy !gnlflcanUy in each age 

g up,lllldJun ln thl middle •t• group (30-45 y s) 

and mint.mum in the oldest (over «> yeua). Slgni• 

flcant enlargem nt ln the area of the •• dlromatin 

bocll•• in women of diffuent age groups auffering fr• 
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=~=\>etm: lg diffrre:pt MM m70ygs of . -.-... -.-.-.-. -.-.-. -.. -.-.•. -.-.-.-.-.-.-.-. -.-.-. -.-.-.-. -.-.-.-. -.-. -. -.. -.-. -.. -.-. -.-.-.. 
Sped. es/Br -~D_laae_ter _of __ drumst!.ck..a far __aae arouoa _1u_LH 

0-1 year - - - - --1-2 years 2.-3-y_iU_s__ - 3 years & above 

A. OOAIS 

Beetal 1. 067 t. 0.055 - l.142 + 0.010 1.173 t._ 0 .026 -(45) (15 ) (80) 

Al.pine 1.1t2+ o.oao 1.240 + 0.073 
(15) (S) 

1.142+ 0.053 
(:ID) l·ui~~.036 

saanan x Beetal o.967 + 0.051 i.1oorr,o.910 1.oa1+ o.~ l.l,!J0.034 
{~) (l ) (~) 

exBee tAl 0.909 + o.064 1.025 + 0.092 1.150 + o.07a 1.064 + 0.031 
(~) (~ (1"!) (at)) 

saanen x Alpine x Bee tal l.OM.073 1.0llj.076 
( ) 

o.993+ 0.042 
(~} 

1.150+ 0.040 
(~) 

Mean for Goa ta l.oi+ 0.049 1.095 + o.052 1.08~ + 0.049 1.143 + 0.020 
.!7i5) (Gr>) no> (j&5) 

B. 

Muuah 1.134 + 0.042 
(00) - - o.990 + 0.049 

(&0) 
.-.-.-.-.-.-.-.-.-.-.-.-.-·-·---.~.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 

P1gurea in the parentheses indicate the nudJer of observations 
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d1 ab•tn melll tus have also been reported by the• 

workers. The reports for similar work are 11m1 tad 

and wurant further lnv st1gat1 ns in detail before 

any reasons could be aacribed for such variations in 

the diametu of cb:umatlcka in different age groups. 

However, cttumstlck diameter d1ff arences observed b tween 

c11ff arent bnode f 9oat1 might be due to th differences 

ln their X-chromoaame morphology. 

TABU - ll 

.......... -........ ···-·-·-·-···-·-·-·-·-·-·-·-·-·-·-· -.-.- .-. 
Sour of varlation d.f • MSS 

Between breeds 4 6.131 1.533** 

Between age gro'4>• 3 . 4.687 

692 234.865 0.339 

. -- -----·-... -... -.-.-.-.-·-·-·-·-···-·- -.-.-... -.-.. -..... . 
**Slgnificant at l vel 

•Slgnlflcant at 5 1 val 
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!:). s y M K A A x 

l) SO• qualitative and quantltat1v attributes 

of d%umat1ck (aex chromat11') appemages were examined in 

the pelymorphonucleu leueocyt of goats of dlfferent 

bl'eeds, Viz., Baetal. • Alpine, SUnen x Be tal crosses, 

Alp!ne x BHtal co•••t aanan x Alplne x Be tal crosses 

and Murrah huff aloes maintained at National D !.ry esearch 

Inst!tute, Kaznal. 

2) The staining properties of th• blood smears 

and dwmstlck bodies ware 1t\.dled ul1ng Roma now sky •a 

stains am uure dyes. The preparations having distinct 

nuclei and •utzophl.llc gr•nul• were found to be 

aaUsfacto-ry •· regardleea of tbeir colour. 

3) n. present atudy revealed two dif fennt 

f ozm• of dJ:waatlck appendag" in th• polymm:phonuclear 

l•UCOCV • of goatl •nd bulf aloea. Tb•• wn dz'um-­

etlcks having distinct vial.bl• •talk and the drumstick 

which did not !'•eal a clearly vt.1bl• stalk. The later 

categ°" of the drumatlck1 appeared to lie coq:.letely 

f~ fnm the re t of the nucleu lob••· The dzumst1ck s 

.. re notecl to be located anywber in the curve of the 

nucleu1. 
4) The avezege al•• of clrwnstielc was found 

to be l.OJU x 1.15 Al in faaal•• of ff r nt b of 



goats and 1.0 Al x l.O Al ln female m:rab buffaloes 

belng appzod•tely t:lmllar t.o the 11-z• of th dr1.llll­

atlcks noted in moat of tbe MlllM11an aped.es. 

f>) A study of the quanUtatlve characterla­

tlca of the drwaetS.*8 in the leucocytes of goat• and 

buf faJ.oet &bowed the mHn ana and mun dla_me to be 

slightly mee ln goat. than the buffaloes. The ratio 

of the mu:l r area 'to the dZumstlck eea a noted 

to be .more ln buff aloes than ln goat-a because of the 

condde:rabl• variations in t-belr nucl..-r area•· 

6) The meaaunmanta of the pelymorphoB.&clear 

1eucooytea with and without cb:wlstiek showed diffezences 

in their dz•• among differ nt breeds of goats and in 

the MuZrab buffaloes. The raacle1 havitwJ the drumstick 

appendages wer mted to be on an avenge smaller than 

the nuclei wl thout them. 

1) The diameter of the drumstick a was al so 

atudied ln %elation to th mmber of nuclear lobes of 

polymospbenuclear leucocyte• ln various breeds of goats 

and Munah buffaloes, Flucttuatlona in the drumstick• 

diameter ob-a ed w1 th the lncrea se in th numb 

o nuclear lobe•· 
8) Thi diametft of tbe ctrumstlcks was al so 

studied in r•latlon to the ge of th n1mal1. Vari&-



tlons b•ve b .. n observed 1n the dlamet.rs f cm the 

animal• belonging to ~fferent age groups (O-l year, 

1•2 y•ara, 2-3 yens. 3 years am above) of goat a 

and buff aloes. These differences in th diam ten 

of dJ:wnsUcka were fcnmd to be atatisUcally igni­

f leant among the dlffnent bneda of goats. 
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