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CHAPTER |

INTRODUCTION

Several new generations of synthetic antibiotics are developed due to
ineffectiveness and emergence of resistant pathogenic bacteria (Parida et al. 20086).
These drugs are not cost prohibitive, free from toxicity, adverse reactions and side
effects that méy cause more harm than the benefits (Atal and Kapoor, 1982). With
the advancement in the scientific knowledge on plant drugs their active bio-
molecules are being isolated, identified and characterized into more effective
therapeutic remedy.

Different medicinal properties of Tinospora cordifolia including antibacterial,
immunomodulatory are well recognized in the Ayurvedia and also documented in
Materia Medica, Siddha and Unani medicine. Rigveda and Atharavaveda (500 B.C.)
described health benefits of ancient knowledge in man and animals. Atharavaveda
(12000 B.C.), Charak samhita and Sushrut samhita (1000-500 B.C.) mentioned 700
important herbs of therapeutic significance (Dash and Sharma, 2001). The
therapeutic potential of herbs in the discovery of new drug has not been fully
exploited (Dubey et.al 1997). It has been estimated that out of 250000 — 500000
plants species, a very few plant species are investigated so far in relation to their
phytochemical, biological and pharmacological activities.

Modern research has also clarified beneficial effects of plant drugs. World
Health Organization has advocated greater use of herbal medicine for safe
healthcare reported that more than 80% world’s population solely relies on
medicinal plants for their primary health care (Fansworth et al. 1986). The herbal
remedy is being effective, safer, cost prohibitive and eco-friendly accepted world
wide as an alternate source for synthetic drugs (Branter and Grein, 1994, Cowan,
1999, Stockwell, 1998).

Extract fractions derived from 119 plants have found their prototypes in
traditional medicines. About 25% of therapeutically useful drugs such as aspirin,



quinine, vincristine, codeine, digitalis and ephedrine have their prototype directly or
indirectly in the plant. Higher plant derived 130 drugs are being used as a single
drug entity under traditional systems of medicine and some of them are modified
and are used for economic purpose (Newman ef al, 2000). FDA (USA) also
approved greater use of herbal medicines has suggested guidelines for
standardization of plant extracts. The medicinal plants are continuously used in the
treatment and prophylaxis of bacterial, viral and fungal infections in many parts of
world (Umadevi et al 2007). Thus, the plants are considered as valuable segment of
modern medicine (Fransworth and Bengel, 1977) which is also investigating for
economic reasons.

Tinospora cordifolia is well recognized and documented as a single drug
entity in the Ayurveda and Unani systems of medicine. It is used in many cosmetic
and herbal preparations for health benefits (Ali, 1990, Kohli and Jain, 2006).
Different medicinal properties of this herb are documented in the ancient
manuscripts and have been reported by several workers. Different parts of this plant
are valuable in the treatment of vata, bumning sensation, dyspepsia, hyperdyspepsia,
fever, gout, general debility, jaundice, spleenopathy, anemia, skin diseases,
flatulence, jaundice, rheumatism, urinary diseases (Khan et al, 1989) and as
nutrient (Patel and Patel, 1956).

In vitro antibacterial activity of ether extract (Gupta, et al 1956), stem
decoction (Tatthe, et al 1992), aqueous, ethanolic and chloroform extracts
(Jeyachandran, et al 2003), aqueous root extracts (Agarwal, et al 2008), aqueous
and methanol extracts (Girish and Satish, 2008), methanolic leaf extract (Mahesh
and Satish, 2008) and aqueous extract (Mohana, et al 2008) of Tinospora cordifolia
have been reported.

However, repots pertaining to antibacterial evaluation of T. cordifolia stem
extracts at different concentrations and immunomodulatory potential of Tinospora
cordifolia stem powder during extreme hot summer in broiler birds has not found in
the reviewed literature. Therefore the present investigation was carried out to

————



evaluate antibacterial activity and immunomodulatory potential of Tinospora
cordifolia in poultry with the following objectives.

1. To prepare aqueous and ethanolic hot extracts of stem of Tinospora
cordifolia and to determine its percentage of extractability.

2. To study the antibacterial activity of these extracts alone and potent extract
in combination with reference drug ciprofloxacin against common pathogenic
bacteria by disc diffusion and tube dilution method in vitro.

3. To determine minimal inhibitory concentration (MIC) of most potent
antibacterial extract by tube dilution technique in vitro.

4. Phytochemical studies of these extracts (Qualitative analysis) for presence
of active principles and

5. To evaluate immunomodulatory potential of Tinospora cordifolia stem
powder employing DNCB skin sensitivity test in poultry.






CHAPTER |l

REVIEW OF LITERATURE

Emergence of bacterial resistance to the available antibiotic and the spread
of infectious diseases evolved in man and animals. Most of new generation
antibiotics, antimicrobials are not found safe, their side effects and toxicities have
curtailed their use in therapy. On the contrarly herbal drugs are gaining wide
acceptability due to affordable, safer, eco-friendly attributes world wide. Tinospora
cordifolia possesses different medicinal properties and is a valuable remedy in the
treatment of fever and diabetes and being used as a general tonic in debilitating
diseases inﬁ?‘nan. Its anticancer, antioxidant and anlidiabetic, immunomodulatory
properties are documented in the ancient manuscripts (Kirtikar and Basu, 1935)
which is scientifically recognized and are supported through various investigations.
Available literature on T. cordifolia special reference to its in vitro antibacterial
activity and immunomodulatory potential in poultry are reviewed in this chapter
under following headings botanical description, distribution, phytochemistry,

_antibacterial, immunomodulatory, pharmacological activities, medicinal properties

and uses.

2.1 Botanical description

The herb Tinospora cordifolia (Family: Minospermicaea) is a large, glabrous,
deciduous, climbing shrub, woody, slender (Plate. 1) and perineal. Its stem is thick,
soft, warted. Shoot is succulent. Root is adventitious, slender and long tuberous.
Leaf is broadly ovate, alternate, 2-4 inches long, petiolate, roundish, ovulate, entire,
cordate at base, acutely apexed, smooth, thin and glaucous beneath. Flowers are
small yelloﬂ.{ur or greenish yellow or green, unisexual. Male flowers are clustered
fascieled. Female flowers are solitary, dfupes. Fruits are ovoid, succulent, lustrous
and red when ripe. Seeds are bean shaped, curved, white and warty (Kirtikar and
Basu, 1969, Sharma ef al., 2005, Prajapati et al., 2003, Dhiman, 2006).



Plate. I: The herb Tinospora cordifolia Miers.




2.2 Geographical distribution

The herb T. cordifolia is widely distributed throughout the tropical region in
India, Ceylon, Burma and Assam (Robert and Henry, 2006). Its various vernacular
names are listed below (Kirtikar and Basu, 1935, Sharma et al. 2005., Dhiman,
2006)

Arabic 5 Gilo

Assam I Siddhilata, Amarlata

Bengali : Golancha, Giloe

English : Gulancha tinospora, Tinospora
Gujarati - Gulvel, Galo

Hindi 7 Gulancha, Giloy, Amrita, Gulbel
Kannad i Amruta balli, Yuganiballi, Madhuparni
Malayalam Chittamritu, Amritu

Marathi : Gulvel

Panjabi 1 Gilo, Garham, Palo

Sanskrit s Guduchi, Amtita

Tamil = Amurutavalli, Cintilikkoti

Telugu : Thippateega, Amruta.

Urdu : Gilo

2.3 Phytochemical studies

Many modern drugs have their prototype in plants. Due to advancement in
molecular research in biological field and organic chemistry the active chemical
constitutes from plant are being isolated, identified and characterized using modern
analytical tools. Available literature on phytochemical investigations of medicinal

plants are herewith reviewed under this subhead.

Kidwai et al. (1949) have obtained giloin (glycoside), gilenin (non glycoside)

and gilosterol the bitter principles from stem extract of Tinospora cordifolia.



Chatterjee and Ghosh (1960) reported tinosporine, the furanoid bitter

principle from stem extracts of Tinospora cordifolia.

Hanuman et al. (1986) isolated and identified diterpenoid furanolactone from
chloroform extract of stem of Tinospora cordifolia by atomic and column NMR

chromatography. Whose structure was similar to clerodane diterpenoid.

Bhatt et al. (1988) have isolated and identified clerodane diterpenoid
compounds from stem extract of Tinospora cordifolia by FT-NMR chromatography.

Hanuman ef al. (1988) isolated clerodane furanoditerpene-2 from stem of

Tinospora cordifolia which was structurally similar to furanoditerpene.

Bhatt and Sabata (1989) isolated and identified furanoid diterpene glucoside

from chloroform stem extract of Tinospora cordifolia by NMR chromatography.

Khan et al. (1989) isolated and identified 18- nor-clerodane diterpana-o-

glucoside (Tinosporaside) from ethanolic stem extract of Tinospora cordifolia.

Adhila et al. (1991) isolated and identified cis-clerodane furanoditerpene
from fractionated chloroform, petroleum ether and methanol extracts of shoot part of

Tinospora cordifolia on the basis of spectral data.

Gangan et al. (1994) isolated nor-diterepene furanoglycoside as tetra
acelate viz. cordifoliside D and cordifoliside E from butanol extract of stem part of

Tinospora cordifolia by 1D and 2D NMR spectroscopy.
Maurya el al. (1995) isolated and identified tinosponone and tinocordioside

from stem extract of Tinospora cordifolia and their structure was illustrated by

spectroscopic and chemical co-relation method.
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Maurya ef al. (1997) isolated and identified sesquiterpene glucoside,

tinocordifolioside from stem extract of Tinospora cordifolia by spectroscopic method.

Chintalwar et al. (1999) isolated and identified arabinogalactan from stem of
Tinospora cordifolia by methylation, partial hydrolysis and carboxyl reduction
analysis. They noted polyclonal mitogenic activity of polysaccharides against B-cell

without involvement of macrophages in the cell proliferation.

Jahfer (2003) have purified frimethylsilated polysaccharide from Tinospora
cordifolia by GC-MS. They also obtained glucose, arabinose, rhamnose, xylose,

mannose and galactose as other constituents.

Prajapati et al. (2003) reviewed phytochemical constituents was obtained
from T. cordifolia such as tinosporin, columbin, chasmanthin, palmarin, berberine,
tinosporon, tinosporic acid, tinosporol, giloin, giloinisin, pyrolidine, diterpeniod
furanolactone, 18  norclerodane,-o-glucoside,  adultetrahydrofuranolignane,

octacosanol, noracosan 15-one and beta-sistosterol.

Jahfer and Azadi (2004) isolated, purified methylated alditol acetate
derivatives with the terminal linkage of glucose, 4-xylose, 4-glucose, 4, 6, glucose
and 2, 3, 4, 6-glucose, by methylation, hydroxylation, reduction and acetylating

polysacchatide of Tinospora cordifolia.

Maurya et al. (2004) isolated and identified clerodane furanoditerpene
glucoside acetates as amritosides A, B, C, and D from stem of Tinospora cordifolia

by spectroscopic method.

Kapoor (2005) reported principles such as giloin (glycoside), gilenin
(nonglycoside), gilosterol, tinosporine, furanoid from stem extract of Tinospora

cordifolia as bitter principles.



Sharma et al. (2005) have documented different chemical constituents from
various parts of Tinospora cordifolia namely tinosporine, tinosporon, tinosporic acid,
tinospord, tinosporide, tinosporidine, columbin, chasmanthin, palmarin, berberine,
giloin, gilonisin, 1,2, pyrolidine, diterpenoid, furanolactone, 18 nor-
cleradonediterpine-o-glucoside, aryltetrahydrofuranolignon, octacosanol,
nonacoson-15-one and beta sistosterol, cordifolon, manoflorine, tambetarine,

cardiofoliosides A and B, phenolic legnan, 3,4, tetrahydrofuraon, arabinogalacton.

Ahmed el al (2006) reported active principles such as 20-
betahydroxyecdysona, tinosporaside, cardioside and columbin from 70% ethanolic
extract of three different species of Tinospora viz. Tinospora cordifolia, Tinospora
melabrica and Tinospora crispa) by reverse- phase high performance liquid
chromatography-UV-diode array detection method and from the extract of Tinospora
cordifolia by column chromatography and H' and '*C NMR.

The mass spectral data obtained by reverse phase column in water
acetonitrile gradient was delected by HPLC-UV-DAD method. They suggested that
these methods were successful in separating biomarker compounds from these
three species of plants obtained from different regions of India. Yield of these
biomarker compounds was comparatively higher in Tinospora cordifolia species

grown in the Jammu province than other regions.

2.4Pharmacological studies

Ikram et al. (1987) reported the antipyretic activity of hexane and chloroform
extracts of eight Pakistani medicinal plants including Tinospora cordifolia against
yeast induced pyrexia in rabbit. They observed ineffectiveness of hexane extract at

1.6 gm/kg body weight following oral administration but was found safe in mice.

Dahanukar ef al. (1988) has reported protective effect of stem decoction of
Tinospora cordifolia against caecal ligation induced abdominal sepsis in wistar rats
at 100 mg/kg body weight p.o. dose.



Rege and Dahanukar (1993) observed dose dependent phagocytic and
killing effect of macrophages on monocyte macrophage cell line (Candida spp.) and
the peritoneal macrophages in rats and human by the extract of Tinospora

cordifolia.

Nagarkatti et al. (1994) has reported hepatoprotective effect of T. cordifolia
through modulation of kupffer cell activity during hepatic injury. Significant increase
in half life of carbon collide revealed deteriorating activity on kuffer cells which was
reduced by T. cordifolia through activation at 100 mg/kg dose against liver fibrosis in

rat.

Maurya et al. (1995) has reviewed pharmacological properties of Tinospora
cordifolia such as hypoglycemic, antihyperglycemic, CNS depressant, antibacterial,
antidiarrheic, antimicrobial, antipyretic, antifungal, antiarthritic, antiallergic,
hepatoprotective, analgesic, immunomodulatory, antineoplastic, antistress,
antidiabetic, antitumor, adoptogenic, hypotasine, antioxidant, antiendotoxic, and

diuretic.

Dhuley (1997) has studied antitoxic effect of four Indian herbs including
Tinospora cordifolia on macrophages function of mouse treated with ochratoxin-A.
They observed that the extracts of Asparagus recimosus, Tinospora cordifolia,
Withania somenifera, Picorrhiza kurroa were effective on ochratoxin induced
suppression of chemotactic activity and production of IL-1 and TNF- alpha from

macrophages in vitro.

Spelman (2001) while reviewing traditional use and indications of Tinospora

cordifolia reported significant anti-infective activity of Tinospora cordifolia.



2.5 Antibacterial studies

Gupta et al. (1956) reported antibacterial activity of ether extract of
Tinospora cordifolia against Mycobacterium tuberculosis where growth of this
bacterium was significantly inhibited by 7. cordifolia extract at 1:50,000

concentrations in vitro.

Dhar ef al. (1968) reported in- vitro antiviral activity of 50 % ethanol stem
extract of Tinospora cordifolia after 48-72 hours at 37 ° C against Ranikhet disease

Dhar et al. (1968) screened 285 medicinal plants including Tinospora
cordifolia for biological activities against bacteria, fungi, protozoan, helminth
parasite, where ethanol extract of Tinospora cordifolia was found ineffective against
bacteria, fungi and protozoan at 50% concentration. The ether extract of this plant
was also ineffective against experimentally induced parasitic infection in albino rats

on 9™ day.

Thatte ef al. (1992) reported antibacterial activity of Tinospora cordifolia stem
decoction against experimentally induced E .cofi infection in mice. There was
significant improvement in the mortality rate, bacterial clearance and phagocytic
intracellular bactericidal activity in Swiss mice in-vifro but the extract was ineffective

in-vivo.

Jeyachandran ef al. (2003) reported antibacterial activity of aqueous,
ethanolic and chloroform stem extracts of Tinospora cordifolia against E. coli,
Proteus vulgaris, Enterobacter faecalis, Salmonella typhi, Staphylococcus aureus,
Serralia marcescens by disc diffusion method. The ethanolic extract showed
significant antibacterial activity against all test organisms but the chloroform extract
was moderately effeclive except on Staphylococcus aureus, Serratia marcescens

and the aqueous extract was marginally effective against E. coli.
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Samy (2005) has reported antimicrobial activity of the methanolic extract of
Zinziber officinalae, Asteracantha longidfolia, Citrus acida, Salacia microsperma and

Tinospora cordifolia.

Agarwal et al. (2008) reported antimicrobial activity of aqueous root extract
of Tinospora cordifolia against four fungal and two plant pathogenic bacteria
obtained from cluster bean seed. The antifungal and antibacterial activity of this
extract was concentration dependant. The absolute (100%) concentration of the
extract was more effective against these pathogenic microbes as compared to

Bavistine and Streptomycin.

Girish and Salish (2008) has screened antibacterial activity of aqueous and
methanol extracts of five different plants belonging to different family viz. Boerhavia
diffusa, Cassia auriculata ,Cassia lantana, Eclipta alba and Tinospora cardifolia
against Bacillus cereus, Bacillus megaterium, Bacillus subtilis, Escherichia coli,
Klebsiella  pneumoniae,  Pseudomonas  aeruginosa,  Salmonella  typhi,
Staphylococcus aureus, Streptococcus faecalis and Yersinia enterocolitica by agar
diffusion method. They observed significant antimicrobial activity of methanol leaf
extract of Tinospora cardiofolia, Boerhaavia diffusa and Eclipta alba in vitro.

Mahesh and Satish (2008) reported antimicrobial activity of methanolic leaf
extracts of Acacia nilotica, Sida cordifolia, Tinospora cordifolia, Withania somnifer,
and Zizyphus mauritiana. They observed significant antibacterial activity of ethanolic
extract of these plants against Bacillus subtilis, Escherichia coli, Pseudomonas
fluorescence, Sthaphylococcus aureus and Xanthomonas axonopodis pv.
malvacearum and antifungal activity against Aspergillus flavus, Dreschlera turcica

and Fusarium verticillioides.

Mohana et al (2008) screened aqueous extracts of eight higher medicinal
plants namely Argemona mexicana, Caesalpinia coriaria, Decalepis hamiltonii,
Euphorbia tirucalli, Leucas aspera, Phyllanthus amarus, Phyillanthus  niruri,

Tinospora cordifolia and Tribulis terrestris against eleven human pathogenic



bacteria by cup diffusion method and isolated active constituents from these plants.
They concluded that the Caesalpinia coriaria Wild has significant antibacterial

activity against all test bacteria where other plants were marginally effective.

2.6 Immunomodulatory studies

Morgan et al., (1976) reported effect of high environmental temperature on
immediate hypersensitivity reaction in chickens in which anaphylactic reaction
following challenge with BSA in previously sensitized bird was significantly reduced

within 2 hour prior to challenge.

Regnier and Kelly (1981) reported effect of heat stress on cell mediated
immune response and antibody production in chickens in vivo and in vitro. They
observed significant decrease of wattle swelling sensitized by DNFB and PHA
(phyto haemagglutinin) exposed to 36° C temperature for 5 days that might be due
to involvement of corticosterone and other serum factors (thymic hormones

lymphokines and other substances) in decrease CMI response.

Valsala et al. (1981) evaluated CMI response following sensitization and
challenge with DNCB after fourteen days. They observed increase in 2 to 2.5 mm
thickness of the skin at 24 hours was normal response in duck which was taken into
account as baseline data and was implied in evaluating CMI response. There was
progressive reduction in thickness of skin which was almost normal after 48 to 72
hours. Histology of skin showed slight necrosis of epidermis, pronounced diffuse
edema of skin, increase in heterophils, lymphocytes, macrophages, engorged blood
vessels, lymphatic dilatation and scattered erythrocytes in the tissue after 24 hours
where congestion and edma was less evident and there was infiltration of
macrophages and lymphocytes around the blood vessels after 48 hours. The
macrophage and lymphocytes were scattered and edema subsided subsequently

after 72 hours as compared to control ducks which was given acetone
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Henken et al, (1983) reported effect of environmental temperature on
physiological and immunological response in pullets immunized with sheep RBC.
They observed significant differences in each heat treatment, type of immunization
nutrition and length of heat treatment period and increased feed conversion, feed
intake in birds exposed to low temperature without alteration in the growth rate and
weight gain but during high temperature (30-40 °C) caused significant decrease in

feed intake, growth rate without change in weight gain and feed conversion.

Atal ef al. (1986) reported immunomodulatory potential of some indigenous
plants including Tinospora cordifolia against chronic infections and immunological
disorders in mice. The phagocyte function was improved without affecting humoral
or cell mediated immunity by ethanolic extract of Tinospora cordifolia and Ocimum

gratissimum.

Atal ef al. (1986) reported that the 95 % ethanolic stem extract of Tinospora
cordifolia had enhanced phagocytic activity of reticulo-endothelial system without
affecting humoral and cell mediated immune response that was indicative of

immunomodulatory activity of this plant.

Rege et al. (1989) observed enhanced intracellular killing capacity of
macrophages and polymorphonuclear cells and reduced mortality following
treatment with T. cordifolia extract at 100mg/ kg dose twice a day for 7 days against

E. coliinfection showed immune competence in rats.

Devegowda ef al. (1990) studied influence of Livol (containing Tinospora
cordifolia) supplemented in the diet of broiler at 0.25 and 0.5 % level. They observed
that the body weight gain and feed efficiency of Livol supplemented groups were
significantly increased than that of control at all ages. 0.5% Livol supplemented

group was superior as compared to 0.25% level.
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Patwardhan et al. (1990) discussed screening methods for immuno
modulatory agents and plants. They observed that the plant Tinospora cordifolia

was effective immunomodulatory agent.

Dhande et al. (1991) siudied the effect of Livol supplementation on
performance of broilers added in diet at 02% and 0.5% levels. The Livol
supplemented groups gained 18.81% and 22.8 % more body weight than control.
They observed the cumulative feed consumption in control and treatment groups
3098, 3246.5 and 3427.2 gm with the cumulative feed efficiency ratio 3.00, 2.60 and
3.34 respectively. The Livol supplementation at these dose levels not showed any
significant difference in body weight than control. However, these two groups
showed significantly higher weight gain than control. The feed efficiency in these
treatment groups were 2.51, 2.23 and 2.21 respectively showed belter efficiency of
Livol supplementation. The growth rate of Livol treated groups was higher by 4%
than the control group and concluded that the use of Livol in broiler diet at 0.5%

level was economical.

Ensminger (1992) mentioned daily water requirement in poultry during 3™ to
6" week ranged from 90 to 260 liters/1000 birds. Further they mentioned that 10%
body water loss cause physiological disorder and 20% loss results in death which
also affected the growth and production of birds. They also recorded that third week
onwards the body weight of male and female broiler birds increased from 560gm to

1690gm and 515 gm to 1430 gm respectively.

Bhattacharya ef al (1994) siudied the anti stress activity of herbal formulation
‘Zeetress’ on albino rats and mice. They observed that the Zeetress increased
tolerance of mice to anoxic stress and attenuated stress induced increase levels of
tribulin, an endocoid marker of stress in rat brain and significant anti stress activity
was indicative of putative adaptogenic property and protective effect against
adverse environmental factors in organism. These findings provided the evidence

for decrease in hypothalamo-puitiutory-adrenocortical activity induced by stress.
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Sharma el al (1995) studied the effect of alcoholic extract of Tinospora
cordifolia in modulation of norepinephrine, dopamine, 5-HT, and 5 hydroxy indolic

acetic acid levels in experimental rats.

Agarwal and Singh (1999) reviewed immunomodulators from plant extracts
and synthetic pesticides during in vivo and in vitro studies mostly in animals and
humans in Indian laboratories. They mentioned some of promising plants having
immunomodulatory potential such as Asparagus rarcemosus, Curcuma longa,
Tinospora cordifolia, Azadiracta indica, Ocimum sauctum, Panax ginseng, Picordiza
kurroa, Withania somnifera and so on. Further they identified some plants as
rasayana and reviewed pharmacological properties including T. cordifolia (guduchi)
such as antibacterial, antiageing, antiallergic, antirheumatic and immuno stimulant.

These plants showed in vitro and in vivo immunomodulatory property.

Bhat and Gupta (2008) evaluated effect of antistress agent such as Vit C, E,
sodium bicarbonate and ammonium chloride incorporated in feed with ration of 210
WHL pullets during summer. They observed improvement in the egg production of
different treatment groups of birds was given antistress agents and significant
improvement was observed with Vit C treated group followed by ammonium
chloride, sodium bicarbonate and ammonium chioride respectively. They concluded
that the Vit C, Vit. E, sodium bicarbonate and ammonium chloride may be helpful in

ameliorating extremely high temperature during summer season.

Samy et al. (2008) reviewed some important bioactive compounds and role
of medicinal plants including T. cordifolia in ayurvedic system of medicine. They
mentioned that the T. cordifolia Miers is a rich source of Vit C which inhibited the
growth of bacteria and strengthen immune system through enhanced killing ability of
macrophage. Further they mentioned the use of T. cordifolia in ayurvedic
formulation for the treatment of various ailments in human being such as cancer,
chronic fever, diabetes, fistula, gastritis, lack of appetite, migraine, prostatic
enlargement where in 15 per cent of T. cordifolia as a single drug entity was used

and given at 4 gm powdered mixture twice daily before meal with water. The 10 per
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cent formulation of T. cordifolia is used in cure of cysts, hair problems, leucoderma,
as liver tonic, and urinary tract diseases and 20 per cent formulation for skin

diseases and intestinal problems.

Thatte ef al. (1994) observed that there was significant increase in number of
colony forming unit and macrophage activation by Tinospora cordifolia at 100mg/kg

dose for 10 days treatment.

Bapat ef al. (1995) reported immunotherapeutic potential of Tinospora
cordifolia with and without percutaneous transhepatic surgical billiary drainage in
human patients. They observed improved killing capacity of polymorphonuclear cells

by Tinospora cordifolia thereby host defense without post surgical mortality.

Sohni et al. (1996) reported therapeutic efficacy of herbal formulation
consisting of five different medicinal plants including Tinospora cordifolia against
hepatic amoebiasis through enhanced immunomodulatory activity in golden
hamster. There was enhanced HA titer, leucocytic migration without affecting T cell

count that results in cure of hepatic amoebiasis.

Dhuley (1997) observed immunomodulatory effect of Tinospora cordifolia
against immunosupression induced by carcinogen and ochratoxin. They observed
significant decrease in chemotactic activity of murine macrophages and enhanced
production of interlukin-1 and TNF in ochratoxin induced immunosupression and
restoration of peptides, interlukin-1 and TNF following treatment of ethanolic extract

of Tinospora cordifolia against carcinogenesis in mice.

Kapil and Sharma (1997) demonstrated IgG antibodies following treatment
with Tinospora cordifolia in serum of mice. The humoral and cell mediated immune
response was dose dependant. Further they isolated clerodane furano diterpene
glycosides, syringin, cordion, cordioside and cordifoliosides A & B from Tinospora

cordifolia which was responsible for anti-complement and immunostimulatory effect.
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Chintalwar et al. (1999) reported that the aqueous extract of Tinospora
cordifolia enhanced phagocytic and bactericidal activity of neutrophil and
macrophages. They isolated arabinogalactan (polysaccharide) from stem extract of
Tinospora cordifolia which was responsible for polyclonal mitogenic activity against

B-cell and thus its immunomodulating potential.

Muffarrej Al et al, (1999) reviewed effect of heat stress on the humoral
antibody response, cell mediated immunomodulation related to breed and sex,
metabolic, physiological and blood biochemical alterations due to heat stress. They
mentioned reduction in delayed type of hypersensitivity and impairment of
lymphocytes function observed due to heat stress in mice. The humoral and cell
mediated immunity was due to rise in blood corticosterone and complex mechanism

involved in nervous, endocrine and immunological interactions.

Bishayi et al. (2002) reported hepatoprotective and immunomodulatory effect
of Tinospora cordifolia against carbon tetrachloride induced hepatotoxicity in rats.
They observed significant reduction in serum glutamine oxaloacetate transaminase,
glutamate pyruvate aminotransferase and alkaline phosphatase and billirubin by 7.
cordifolia extract at 100 mg/kg body weight dose for 15 days. The functional
capacity of periloneal macrophages was increased in rat. On the basis of
observations they concluded that the Tinospora cordifolia extract may be the critical

remedy against carbon tetrachloride induced liver toxicity and immunomodulation.

Diwanay et al. (2004) reported immunoprotective effect of extracts of
Withania sominifera (Linn.), Tinospora cordifolia (Miers) and Asparagus racemosus
(Wild) and its formulations in cyclophosphamide treated mouse ascetic sarcoma.
There was increased white cell count, hameagglutination and haemolytic antibody
titre with Withania sominifera and Tinospora cordifolia and alkaloid free polar

fraction of Withania sominiafera.

Nair ef al. (2004) isolated and characterized the alpha-D-glucan

(polysaccharide) from Tinospora cordifolia and elucidated immunomodulatory
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properties on lymphocyte and tumor cell line. They observed non cytotoxic and non
proliferative effect of glucan on normal lymphocyte and tumor cell line but activation
of macrophages, T-cells and B-cells. The killing of tumor cell line and activation of
normal lymphocytes through synthesis of IL-1 beta, IL-6, IL-12, 1L-12p40, IL-18, INF-
gamma, TNF-alpha and monocyte chemoattractant protein without production of IL-
2, IL-4, IL10, TNF-alpha and TNF-beta was dose dependent. Further there was no
oxidative stress due to increased nitric oxide production by nitric oxide synthtase in
lympohocyte. The oxidative stress, water solubility, high molecule activation of
lymphocyte and cytokine profile were confirmed immunoprotective potential of
alpha-D-glucan. There was significant action on macrophages which was dose

dependent.

Khobragade et al (2005) studied the heamo-immuno-biochemical profile of
broilers fed with herbal supplemented feed containing 0.5 % and 1% levels of the
plant powder of Tinospora cordifolia and Leptadenia reticulata. In their investigation
they observed that there was significant increase in PCV, blood plasma glucose,
phosphorus and total lipid levels. They also studied immunomodulatory potential of
this plant and reported that the combination of 1% levels of the both plants showed
higher HI titer and significantly higher skin thickness with the 1% level of Leptadenia
reticulata. They concluded that supplementation of Tinospora cordifolia and

Leptadenia reticulata improves the immune status in commercial broilers.

Singh (2005) reported antimalarial activity of aqueous extract of Tinospora
cordifolia in combination with chloroquine against hyperactive malarious
spleenomegaly patients. The aqueous extract and chloroquine base for first 6 weeks
followed by later 6 weeks were showed regression of spleen, decreased IgM and

increased hemoglobin in the recovered patients.

Nair ef al. (2006) investigated immunomodulatory potential of (1, 4) - alpha-
d-glucan obtained from Tinospora cordifolia against RAW 264.7 macrophages. The
phygocytosis, binding and internal ligation of opsonized zymosan A was inhibited by

glucan, however macrophages treated with anti CD11b mAb fallowed by glucan did
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not show inhibitory effect on TNF-alpha synthesis. They found that the glucan
induced TNF-alpha synthesis, translocation, cytokine production was responsible for
immune system activation in dose dependent manner which was inhibited by NF K-

beta inhibitors such as caffeic acid phenethyl ester or curcumin.

Spleman et al. (2006) revived immunomodulatory activity of herbal medicine
including Tinospora cordifolia in vitro and in vivo. They observed modulation of
cytokines viz. IL-1, IL-6, TNF and INF by Tinospora cordifolia. The broad spectrum
effect of cytokines in autoimmune disorders and chronic degenerative changes

suggested further investigation.

Desai et al. (2007) investigated protective effect of arabinogalactan
polysaccharide “G1-4A”, obtained from stem of Tinospora cordifolia against
endotoxin induced sepsis in mice. They observed 100% protection against
lipopolysaccharide induced mortality in pretreated mice with G1-4A due to increase
in serum TNF-alpha and IL-1-beta which was subsequently reduced with challenged
lipopolysaccharide followed by G1-4A treatment. The endotoxic shock was
modulated by G1-4A through enhanced soluble TNF- alpha and release of nitric

oxide from murine macrophage.

Siddiqui ef al (2007) studied the effect of supplementation of Withania
somnifera and Tinospora cordifolia on haematological parameters in experimentally
induced immunosuppression by cyclophosphamide in broiler birds. They observed
that the combined treatment with Withania somnifera and Tinospora cordifolia were
significantly -increased TLC, lymphocytes, Hb, and PCV as compared to
immunosuppressed birds of control group. Finally they concluded that if these plants
fed in combination regularly than single treatment have additive effect leading to

prevention of immunosuppression in broiler birds.
Ghamdi (2008) reported effect of heaf stress on immunomodulatory

response in broiler chickens exposed to high temperature during summer in closed

system. They observed significant decrease in plasma antibodies (IgM, and IgG)
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level in all experimental groups during heat stress but lymphocytes, neutrophil and
neutrophil lymphocyte ratio were significantly differed in all experimental groups

which was indicative of attenuated immunoresponse due to heat stress in chickens.

2.7 Medicinal properties and uses

Chopra ef al. (1956) have documented medicinal properties and therapeutic
uses of Tinospora cordifolia stem such as bitter, stomachic, antipyretic, alternative
and aphrodisiac. Stem juice in fever, while mixed in honey in the treatment of
jaundice, stem decoction mixed in fruits of Piper longum and honey in fever
associated with cough, while mixed in sweet oil in encephalitis (Chatterjee and
Pakarashi, 1991). Starch obtained from stem aqueous extract as tonic (Ambasta,
1986), anti-diarrhoeal, antidysentric and antacid, leaf aqueous extract in fever
(Chatterjee and Pakrashi, 1991) leprosy. Roots are valuable as emetic in the
visceral obstructions. Fruits are valuable in jaundice and rheumatism (Ambsta,
1986). Other parts in general debility, dyspepsia, fever and urinary diseases (Negi
and Pant, 1994).

Ali (1990) has mentioned that more than two hundred indigenous drugs

including Tinospora cordifolia (gilo) documented in the Unani Materia Medica.

Katewa and Arora (1997) mentioned folklore uses of bark paste of Tinospora
cordifolia in the treatment of piles, swollen rectum. Raw stem pieces in rheumatism

are used in Udaipur District of Rajasthan.
Kumar and Jain (1998) documented traditional uses of leaf juice and stem
extract of Tinospora cordifolia in fever, jaundice and as antidote in snake bite is

being practiced by tribal peoples of Prakasam District in Andra Pradesh (India).

Sharma et al. (2005) mentioned medicinal properties of Tinospora cordifolia

such stem as bitter, astringent, sweet, thrombogenic, anodyne, antihelmentic,

20




alternate, antiperiodic antifungal, antipyretic, antiemetic, digestive, carminative,
stomach appetizer, and so on and is valuable in burning sensation, jaundice,
hyperdyspepsis, vomiting, fracture, fever, inflammation, gout, debility, skin diseases,
leprosy, anemia, cough, asthma, infertility, urinary disorders, rheumatqid arthritis

and eye diseases, leaf in cure of jaundice.

2.8 Drug Interaction Studies

Harle and Gaikwad, (2004) showed increased absorptive permeability of
dexamethasone on isolated rat ileum ex vivo fallowing acute (400mg/kg PO) and
chronic (150 mg/kg/day for 5 days) treatment with light petroleum ether extract of
Tinospora cordifolia in male wistar rats. They suggested that the inhibitory effect of
Tinospora cordifolia on P-glycoprotein deserves herb drug interaction and increased

absorptive permeability of dexamethasone.
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CHAPTER IlI

MATERIALS AND METHODS

3.1 Plant material

The Tinospora cordifolia Miers (Family: Minospermicaea) stem part was
employed in this investigation.

3.1.1 Collection and authentication of plant materials

Tinospora cordifolia stems were collected from University campus of Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola and confirmed from the Botanist
cum Director of the Nagarjun Medicinal Plant Garden of Dr. Panjabrao Deshmukh
Krishi Vidyapeeth, Akola, Maharashtra.

3.2 Processing of Plant Materials

The fresh, matured stems of Tinospora cordifolia were collected, weighed
and chopped into small pieces (Plate. 1) with the help of cutter was shade dried in
the department laboratory. The moisture content was found to be 57.14% (Dry yield
on wet-weight basis 42.68%). Dried plant material was powdered through
pulverizing mill of local folk vender. Powder thus obtained was sieved (67.8% kg
w/w) to get fine powder (Plate. |1l) was employed in this investigation.

3.2.1 Extraction

Fine powder of T. cordifolia was subjected to soxhelet's extraction using
aqueous and ethanolic solvents. For the sake of uniformity in the extraction and to
determine percentage extractability of each extract 50 gm of plant material was
used in each trial.
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Plate. Ill: Stem powder of Tinospora cordifolia Miers.



3.2.1.1 Preparation of Extraction Thimble

Extraction thimble was prepared using ordinary filter paper (size 12x3 cm)
into which the plant material was placed. Then the thimble was sealed at both the
ends using sterilized adsorable cotton. The plant material containing thimble was

tightened with the help of sterilized cotton thread.

3.2.1.2 Preparation of Aqueous Extract

Fifty grams of stem powder of Tinospora cordifolia subjected to soxhlet's
extraction using distilled water. The plant material was placed in extraction thimble
and was inserted into soxhelt's reservoir. Distilled water filled 2/3" capacity of the

reservoir up to demarcated mark was flushed in to the heating flask.

The content was boiled and recycled till the colorless solvent reappear in the
reservoir. This process was repeated several times to get aqueous extract. The
solvent extract was cooled and was filtered through what man filter paper No.1. It
was transferred to previously weighed petri plates and evaporated at room
temperature under laminar air flow. The residue (extract) was stored under

refrigeration was used as an when required in this investigation.

3.2.1.3 Preparation of Ethanolic Extract

Fifty grams of stem powder of Tinospora cordifolia was subjected to
soxhlet's extraction using ethanol. Similarly procedure as described above was

followed for preparation of ethanolic extract.

3.2.1.4 Extractability Percentage

The percentage extractability of both the aqueous and ethanolic extracts was
determined taking difference in the weight of extract before and after weighing the
petri plates with and without extract. For the preparation of different concentrations
such as 100 %( 1gm/ml), 50% (0.5gm/ml) and 10% (0.1gm/ml) for respective

extracts both the crude extracts were weighed and then reconstitute in their




respective solvents. For 100%, 50% and 10% the stock solution as 5 gm/5ml, 2.5
gm/5ml and 0.5 gm/5ml was prepared These extracts were evaluated for

physicochemical properties such as color, consistency, odor and test.

3.3 Preparation of Herbal Discs

The sterilized blank filter paper discs (Himedia) were collectively weighed
taking 20 discs at each time with the help of electronic weighing balance. Similar
procedure was repeated thrice. Average weight of each blank disc so obtained was
12 mg. As there was no difference in average weight of blank discs, blank discs
were separately impregnated with the aqueous and ethanolic extracts at at 100 %(
1gm/ml), 50% (0.5gm/ml) and 10% (0.1gm/ml) concentrations taking twenty discs at
each time. When each extract was completely dissolved in their respective solvents,
it was taken in tuberculin syringe and was impregnated drop by drop in each disc
until the disc until disc was fully saturated. These discs were air dried at room
temperature under laminar airflow and again collectively weighed thrice taking 20

discs at each time.

Accordingly collective weight of extract disc of different concentrations was
obtained and the extract actually adsorbed in single disc was determined. This
procedure was repeated thrice. These discs were stored in airtight screw capped

vials was used as and when required in this investigation.

3.4 Antibacterial Studies

Both the aqueous and ethanolic extracts of stem of Tinospora cordifolia herbal
discs at 100 %( 1gm/ml), 50% (0.5gm/ml) and 10% (0.1gm/ml) concentrations were
evaluated for antibacterial activity against four different pathogenic bacteria as per
the disc diffusion and tube dilution methods described by Bauer et al. (1966) and

Cruickshank et al. (1975) In vitro. Where one of the bacteria namely Streptococcus
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pyogenes that was proposed to screen was not available from the commercial source,

hence the study was carried out using four different bacteria detailed as below.

3.4.1 Bacterial Culture

Lyophilized pure pathogenic bacterial culture namely Escherichia coli (MTCC
739), Staphylococcus aureus (MTCC 96), Pseudomonas aeruginosa (MTCC 2453)
and Salmonella typhimunium (MTCC 1251) were procured from Microbial Type
Culture Collection (MTCC), Institute of Microbial Technology, Chandigarh were
employed in this study. After thawing ampoule sealed lyophilized bacterial culture at
room temperature was sub-cultured in nutrient broth (Himedia) was maintained in
the Department of Veterinary Pharmacology and Toxicology, Akola were employed
in this study.

3.4.2 Disc diffusion test

Each of the four bacterial cultures viz. Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa and Salmonellla typhimunum were grown in
nutrient broth at 37°C for overnight incubation. The bacterial culture was diluted
using sterile nutrient broth (102 to 10°). Each dilution of bacterial culture was
poured on nutrient agar plates incubated at 37°C then the excess broth in the plates
was discarded after three minutes of incubation. Then the surface of nutrient agar
was swabbed with sterile cotton and herbal discs were placed along with the
reference drug disc with the help of sterile forceps aseptically. it was incubated at
37°C. After 24 hours of incubation petri-plates were examined for zone of inhibition
was measured in mm scale and also compared with the reference standard drug
ciprofloxacin (5-ug/disc).

For herbal-drug interaction studies similar procedure was followed with the

most potent extract and its combination with reference drug ciprofloxacin and the
zone of inhibition was measured in mm scale.
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3.4.3 Tube dilution test

On the basis of results of disc diffusion test potent extract concentrations
were selected for screening antibacterial activity by tube dilution test. A loopful of
24-hours-old broth culture of each bacterium under test was revived in 5 ml of
nutrient broth taken in test tube and was incubated at 37°C for 4 hours. Bacterial
dilution 10~ to 10 was made. In each dilution two extract-impregnated herbal discs
was added and were incubated overnight at 37°C for overnight incubation. 50 pl of
each bacterium was plated in Petri plate was covered with nutrient agar was further
incubated at 37°C for 24 hrs. The colony count of respective bacterium was
assessed in each petri plates during pilot study. Based on observations 10°

bacterial dilution was selected for the final test.

The bacterial dilution 10°° was used in the final test and the colony count of
respective bacteria was assessed. Similar procedure was followed as described

above for final test.
3.5 Minimal Inhibitory Concentration

The lowest concentration of the extract that inhibited the growth of bacteria
in vitro referred as MIC. Therefore MIC of ethanolic stem extract of Tinospora
cordifolia determined spectrophotometrially observing optical density per the method
described by Pelczar et al., (1986) involving tube dilution technique. A set of test
tubes containing bacterial dilution (10%) was added with increasing amount of

extract.

In each set one test tube were kept as bacterial control (no extract) and
other lest tubes as extract control (no bacteria). The bacterial control and respective
bacterial culture added with graded amount of the extract with the extract control

was incubated at 37°C for 24 hours.




The concentration of ethanolic stem extract of Tinospora cordifolia inhibiting
growth of bacteria was assessed spectrophotometrically. The optical density of each
treatment was determined at wavelength 490-nm. The absence of growth or change
in turbidity was assessed by measuring optical density (O.D.). Thus, the MIC of
ethanolic extract of stem of Tinospora cordifolia that prevent the growth of bacteria

In-vitro was determined.

3.6 Phytochemical studies

Both the stem extracts of Tinospora cordifolia was analyzed for presence of
active phytochemical constituents employing various chemical tests (qualitative
analysis) as the methods described by Trease and Evans (1985), Rosenthaler,
(1930).

3.6.1 Test for Alkaloids
A small amount of the extract was added to 1.5 % v/v hydrochloric acid and
was filtered through whatman No.1 filter paper. Filtrate thus obtained was used for

testing presence of alkaloids in the extract.

3.6.1.1 Dragendroff’s reagent

17 grams of bismuth sub-nitrate and 200gm tartaric acid dissolved in 800 ml
of distilled water (Solution-A). 160 gm Potassium iodide mixed in 400 ml distilled
water (Solution-B). For preparation of final reagent equal proportion viv (1:1) of both

A and B solutions were added.
Working standard was prepared using 50 ml of prepared reagent solution

added with 100 gm tartaric acid and adjusted volume of working standard up to 500

ml in distilled water. This reagent spread on Whatman's filter paper was dried. Test
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extract was applied on pretreated reagent filter paper with the help of capillary tube.

Development of orange to red color indicates presence of the alkaloids.

3.6.1.2 Mayer’s reagent (Potassium mercuric iodide reagent)

1.36 gm of mercuric chloride was dissolved in 60 ml of distilled water and 5
gm of potassium iodide dissolved in 10 ml of distilled water. It was mixed and diluted
up to 100 ml volume using distilled water for preparation of Mayer's reagent. Little
amount of test filtrate added with few drops of the above reagent was taken in a
watch glass. Development of cream colure precipitate indicating presence of

alkaloids.

3.6.1.3 Wagner’s reagent

The reagent was prepared by dissolving 1.27 gm of iodine and 2 gm of
potassium iodide in 5ml of distilled water and was diluted up to 100 ml. The reagent
added in test filtrate. The appearance of flocculent brown perception was suggestive

for the presence of alkaloids.

3.6.1.4 Marme’s reagent (Potassium cadmium iodide)

20 gm potassium iodide is dissolved in 20 ml of water and solution is added
to 10 gm of cadmium iodide dissolved in 50 ml of water. This reagent added with
test filtrate develops yellow precipitate which is amorphous at first and then turns
crystalline. The matrix is soluble in excess of reagent and ethanol indicating the

presence of alkaloids.
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3.6.2 Test for Reducing Sugars

3.6.2.1 Molisch’s test

Few mg of test extract dissolvexl in 0.5 ml of water. It was mixed with 2 drops
of 10% solution of alpha-naphthol in zlcohol and was added 1 ml of concentrated
sulphuric acid from the side of inclined test tube, so that the acid formed a layer
beneath the aqueous solution. App=zarance of red ring at common surface of

immiscible liquids was indicative the presence of sugars.

3.6.2.2 Fehling’s solution test

Fehling's A (Copper sulfate solution) and B (Sodium potassium tartarate in
alkali) was mixed in equal proporiion and was added in test extract. It was heated.
Development of red precipitation of cuprous oxide indicates the presence of

reducing sugar.
3.6.2.3 Barfoed’s test

This reagent is prepared by dissolving 13.3 gm of crystalline neutral copper
acetate in 200 ml of 1% acetir acid solution. The test extract dissolved in water was
heated with a little amount rezgent. Appearance of red colour to the test due to
formation of cuprrious oxida within two minutes indicates presence of

monosaccharides.

3.6.2.4 Benedict’s reagent

Fehling's reagent (0.5 ml) added with few mg of extract was heated in water
bath for 10 minutes. Development of red precipitation indicates presence of

reducing sugars.
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3.6.3 Test for Glycosides

3.6.3.1 Benedict’'s reagent

Contents of the test used in reducing sugar was filtered and added with
dilute hydrochloric acid. pH of is adjusted to alkaline. Equal volume of filtrate and
benedict's reagents was mixed and heated. Development of brownish color

indicates presence of glycosides.

3.6.3.2 Fehling’s reagent

Contents of the test employed in reducing sugar were cleared by adding few
drops of hydrochloric acid and was boiled for 5 minutes. Fehling's reagent added
further to record any change in reduction. Appearance of brownish red color to the

test indicates presence of glycosides.

3.6.4 Test for Tannins

Ethanol extract is taken separately in water was warmed and filtered. The

filtrate was used for estimation of tannins.

3.6.4.1 Ferric chloride test

Few drops of ferric chloride solution were added to a little quantity of filtrate.

Appearance of green color to the test indicates presence of tannins.

3.6.4.2 Potassium dichromate test

Test filtrate was added with potassium dichromate appearance of dark

yellow color indicates presence of tannins.
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3.6.4.3 Lead acetate test

Few drops of lead acetate solution added to the test filtrate. Development of

precipitation indicates presence of tannins.

3.6.5 Test for Sterol
3.6.5.1 Salkowski’s reaction

Little amount of test extrast mixed in chloroform in which 2 ml of sulfuric acid
was added by sides of test tube. The contents was shaken for few minutes
imparting red color in chloroform layer and a greenish yellow fluorescence to the

lower layer was indicative presence of sterols.

3.6.6 Test for Anthraguinones

3.6.6.1 Borntrager’s test

A little amount of test extract was added to 5 ml of 10% sulfuric acid was .
boiled for few minutes in test tube The hot content was filtered through Whatman
No.1 filter paper and then cooled. Tha contents were shaken with benzene and half
of its volume with 10 % ammonia solution. Development of pink ring to the

ammonical layer indicates presence cf anthraquinones.

3.6.7 Test for Flavonoids

A small quantity of test residue is dissolved in 5 ml ethanol (95%) and
treated with few drops of concentrated hydrochloric acid and 0.5 mg of magnesium
turnings. Development of pink or. magenta color within 3 minutes indicates presence

of flavonids.
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3.6.8 Test for Proteins

3.6.8.1 Biuret test

Few mg of residue was mixed in water and added to 1ml of sodium
hydroxide (4% wi/v) solution followed by 2 ml copper sulfate. Appearance of violet or

pink color to the test showed presence of proteins.

3.6.8.2 Xanthoprotein test

Little amount of test extract was dissolved in water and added with 0.5 ml of
concentrated nitric acid. Development of white or yellow color indicates presence

proteins.

3.6.9 Test for Amino Acids

3.6.9.1 Ninhydrine test

A small amount of test extract was added in alcoholic solution of Ninhydrine

0.1% wi/v. Development of violet or purple color indicates presence of amino acids.

3.6.10 Test for Saponins

3.6.10.1 Foam test
A few mg of test extract added in small amount of water and sodium

bicarbonate solution. The contents were vigorously then shaken. Formation of froth

to the test was considered for presence of saponins.
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3.7 Immunological Studies

3.7.1 Procurement and maintenance of experimental birds:

Thirty boiler birds weighing 350 to 360 gm with average age of 3 week
immunized on farm were procured from M/s, Tranbakeao gavande commercial
poultry farm, akola. They are randomly divided into three groups. Each group was

comprised of 10 birds. The experimental protocol was as under.

Group | This group of birds were kept as untreated control under normal

feeding and watering conditions.

Group I This group of birds was given T. cordifolia stem powder @ 4
g/kg feed fed for three week (21 days)

Group I This group of birds was given T. cordifolia stem powder @ 8
g/kg fed for three week (21 days)

All the experimental birds were sensitized at the end of 6" week after 21
post treatment days and were challenged at the end of 8" week were naturally
exposed to hot environmental temperature during summer (46°C to 48 °C + 2 °C).
These groups of birds were maintained on deep litter system at Poultry Research
Center, PG Institute of Veterinary Sciences, Akola was fed with commercial diet
procured from M/s, Tranbakeao gavande commercial poultry farm, akola.. Free

access of drinking water (RO water) was given during experimental period.
3.7.2 Physical parameters

3.7.2.1 Feed consumption

The average feed consumption of different experimental groups of birds was

recorded from total feed offered to respective group of birds. On the basis of
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average weekly feed consumption per bird during entire experimental period was

recorded.
3.7.2.2 Body weight/ gain

The average weight of different groups of birds before the treatment and
after treatment was recorded. From respective weekly weight, the initial weight (3~
week) of each bird was subtracted. On this basis average weekly weight gain per

bird in respective treatment group was determined.

3.7.2.3 Feed conversion ratio

On the basis of results of average weekly body weight gain and average

weekly feed consumption per bird was determined in respective groups.

3.7.2.4 Water intake

The water intakes in different group of experimental birds were calculated
differencing the amount of drinking water offered and left over per day /per group of
birds. On this basis average weekly water intake per bird was determined group
wise. The average water intake during the experiment in each group was recorded.

3.8 DNCB skin hypersensitivity reaction

Cell mediated immune (CMI) response was assessed following sensitization
and challenge with 1% 2-4 Dinitroclorobenzene (DNCB) in acetone. All three
experimental groups of birds were sensitized at the end of 6" week and challenged
after 14days at the end of eight week to assess CMI as per the method described
by Valsala et al (1981) and Sreeramulu (1989).
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3.8.1 Preparation of site

The thoracolumbar site lateral to the vertebral column on both left and right
were selected and prepared for testing. The feathers were removed. The sensitizing
dose was applied at left side while challenging dose was applied at the right side of

thoracolumbar region.

3.8.2 Sensitizing with DNCB

While sensitization, 0.2 ml of 1% DNCB solution was poured drop by drop on
thoracolumbar region using 1ML tuberculin syringe. The test area was demarcated
by a metallic ring of 2 cm diameter having raised border .Thus, diameter of area
exposed during challenge and sensitization remained the same. The running down
of DNCB in surrounding area was prevented by allowing the solution to get

evaporated with mouth blowing.

3.8.3 Challenging with DNCB:

The challenge dose of DNCB (0.2 ml) was applied to the area apposite to

the site of sensitization on 14" day post sensitization.

The thickness of skin and diameter of spreading lesion at the site of
challenge, indicating reaction zone, was measured at 24, 48, and 72 hours after

challenging with DNCB by using vernier calipers.

3.9 Statistical analysis
Data of this study was statistically analyzed by CRD, factorial CRD (Snhedcor
and Cochran, 1967). The values were considered as significant at 1% (P<0.001)

and 5% (P<0.05) level of significance.
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CHAPTER IV

RESULTS AND DISCUSSION

The present investigation was carried out to evaluate antibacterial activity of
stem extracts against pathogenic bacteria by disc diffusion and tube dilution
techniques in vitro and immunomodulatory potential of stem powder of T. cordifolia

in poultry. The results of various investigations are described in this chapter.

4.1  Extractability

Table 1 and Fig 1 depicted percent extractability and some physical
properties of aqueous and ethanolic stem extract of Tinospora cordifolia. The
average yield of extract from 50 gm stem powder of T. cordifolia was found to be
2.42 gm and 2.15 gm in aqueous and ethanolic solvents respectively. Percentage of
extractability of these extracts was 4.83 and 4.29. There was significant difference in
amount of extract obtained however there was no significant difference observed in

percent extractability of both the extract.

It might be due to difference in solubility of extract in different solvent. Both
the extracts were radish brown to yellowish brown in color under normal light and
green under UV light. These extracts were solid and sticky in consistency, bitter in

taste and pleasant to mint in odour.

4.2 Herbal discs

Table 2 and Fig 2. depicted amount of aqueous extract of T. cordifolia
adsorbed at 10, 50 and 100 percent concentrations on to the discs and the actual

amount of extract in each disc. There was no significant difference in the weight
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blank discs (250.00£0.00mg) after several repeated trials. The amount of aqueous
extract at 100% concentration adsorbed on the discs (702.33£1.45 mg) was
significantly higher than 50% (601.00£1.00mg) and 10 % 529.33£0.33 mg)
concentrations and the amount extract in each disc (22.67+0.0Fmg) was also

significant than other extract concentrations.

An amount of ethanol stem extract of T. cordifolia adsorbed on to the disc (s)
is presented in Table 3 and ng’ 3. The weight of twenty blank discs was identical
after several repeated trials. The weight of extract impregnated discs at 10 %
concentration (613.67+0.33mg) was significantly higher(P<0.01) than at 50%
(564.67 + 0.88 mg) concentration and 100% (540.67+0.67mg) concentration. The
amount of extract impregnated in each disc was also found significant (P<0.01) at
10% concentration (18.30 * 0.10mg) than 50% (15.33+0.04 mg) and 100%
(14.53+0.03mg) concentration.

It is clear from the above results that the adsorption of aqueous and
ethanolic hot extract on blank disc was not uniform which varied from solvent to
solvent. This might be due to varied active constituents and its solubility in different
solvents with different molecular weights and density. The heat treatment might
have influence on solubility of the constituents. Significant difference in weight of
extracts pointed out in this study might be due to difference in physico-chemical
properties of the extract and its impregnation on the disc (s). Weight of aqueous
extract varies from 100% > 50% > 10% and ethanolic extract 10%> 50%> 100%. No

literature was available to support these findings.

4.3 Antibacterial studies

The antibacterial activity of stem extracts of T. cordifolia at different
concentrations was evaluated against four different pathogenic bacteria by disc
diffusion and tube dilution methods. The results of this investigation are described

parameter wise under this heading.
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4.3.1 Disc diffusion method

Zone of inhibition of T. cordifolia extracts and reference drug ciprofloxacin
against Escherichia coli is given in Table 4 and Plate IV. The mean zone of
inhibition of aqueous extract at 130% (9.33+0.67mm) concentration was significant
than 50% (7.67+0.67mm) concentration but 10 % concentration was found
ineffective. Where average zone of inhibition of ethanol extract 50% (9.67+0.33mm)
and 10% (9.00+0.33mm) concentration was statistically similar and was ineffective
at 100% concentration. Zone of inhibition produced by both the extracts was

significantly (P<C.01)lesser than ciprofloxacin (28.00+£1.00 mm).

Table 5 and Plate V. Shows zone of inhibition of different extracts of T.
cordifolia and reference drug ciprofloxacin against Pseudomonas aeruginosa. Both
the aqueous and ethanolic extracts at different concentrations were showed

ineffectiveness of the extracts against Pseudomonas aeruginosa.

Mean zone of inhibition of T. cordifolia stem extracts against Salmonella
typhimurium are presented in Table 6 and Plate VI . The aqueous extract was
ineffective against Salmonella typhimurium at different concentrations. The ethanol
extract 50% and 10% concentrations were showed statistically similar zone of
inhibition (11.33+£0.67mm and 10.00£0.57mm) which was comparatively significantly

lesser (P<0.01) than ciprofloxacin (25.33+1.20mm), a reference standard drug.

Average zone of inhibition of T. cordifolia extracts at different concentrations
against Staphylococcus aureus are given in Table 7 and Plate VIl. Zone of
inhibition of aqueous extract at 100% and 10% concentrations were 7.67+0.67mm
and 10.22+1.92 mm respectively which was comparatively lesser (P<0.01) than
reference drug ciprofloxacin (37.33+0.88mm). However 50 % concentration was
found ineffective. The ethanol extract 100%, 50% and 10% concentrations were
showed zone of inhibition 11.33+2.18 mm, 7.67+0.67mm and 7.00+0.00 mm
respectively which was comparatively much lesser (P<0.01) than ciprofloxacin

(37.33+0.88 mm), a reference standard drug.
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Piate. IV Zone of inhibition by different stem extracts of T. cordifolia and

ciprofloxacin against Escherichia coli

A Aqueous extract 100% (1gm/1ml)

B Aqueous extract 50% (0.5gm/1ml)

6 Agueous extract 10% (0.1 gm/1ml)

D Ethanolic extract 100% (1gm/1ml)

E Ethanolic extract 50% (0.5gm/1ml)

F : Ethanolic extract 10% (0.1gm/1ml)

G ; Reference standard drug Ciprofloxacin (5ug/disc)

Plate. V Zone of inhibition by different stem extracts of T. cordifolia and
ciprofloxacin against Pseudomonas areuginosa

A ; Aqueous extract 100% (1gm/1ml)

B Aqueous extract 50% (0.5gm/1ml)

C Aqueous extract 10% (0.1 gm/1ml)

D Ethanolic extract 100% (1gm/1ml)

E Ethanolic extract 50% (0.5gm/1ml)

F : Ethanclic extract 10% (0.1gm/1ml)

G : Reference standard drug Ciprofloxacin (5ug/disc)



Plate. V
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Plate. VI

o o W >

m

Plate. VII

m O O W >

m

Zone of inhibition by different stem extracts of T. cordifolia and

ciprofloxacin against Salmonella typhimurium

Aqueous extract 100% (1gm/1ml)
Aqueous extract 50% (0.5gm/1ml)
Aqueous extract 10% (0.1 gm/1ml)
Ethanolic extract 100% (1gm/1ml)
Ethanolic extract 50% (0.5gm/1ml)
Ethanolic extract 10% (0.1gm/1ml)

Reference standard drug Ciprofloxacin (5ug/disc)

Zone of inhibition by different stem extracts of T. cordifolia and

ciprofloxacin against Staphylococcus aureus

Aqueous extract 100% (1gm/1ml)
Aqueous extract 50% (0.5gm/1ml)
Aqueous extract 10% (0.1 gm/1ml)
Ethanolic extract 100% (1gm/1ml)
Ethanolic extract 50% (0.5gm/1ml)
Ethanolic extract 10% (0.1gm/1ml)

Reference standard drug Ciprofloxacin (5ug/disc)



L

Plate Vi.

Plate VIL.




Table 8. depicted average zone of inhibition of aqueous extract of T.
cordifolia against different pathogenic bacteria. The aqueous extract 100% and 50%
concentrations was only effective against Escherichia coli and Staphylococcus
aureus whose antibacterial activity was much lesser (P<0.01) than ciprofloxacin and
was found ineffective against Pseudomonas aeruginosa and Salmonella
typhimurium. The 10% concentration was also found ineffective against all test

bacteria.

Average zone of inhibition of ethanol extract of 7. cordifolia against different
pathogenic bacteria is depicted in Table 9. The ethanol extract at all concentrations
were found effective against Staphylococcus aureus however 10% and 50%
concentration was effective against Escherichia coli and Salmonella typhimurium.
The ethanolic extract at all concentrations were ineffective against the bacterium
Pseudomonas aeruginosa. As compared to zone of inhibition of ciprofloxacin
(25.33+1.20mm to 37.66+3.71mm) the ethanol extracts at all concentrations were
showed significantly(P<0.01)lesser zone of inhibition (7.00+00 mm to 11.33+2.18

mm) against susceptible bacteria.

The comparative zone of inhibition of aqueous and ethanolic extracts of T.
cordifolia against different bacteria is presented in Table 10 and Fig 4.
. Zone of inhibition of both the aqueous and ethanol extracts at different
concentrations was much lesser than reference drug ciprofloxacin against
susceptible bacteria. But these extracts at tested concentrations were ineffective

against Pseudomonas aeruginosa.

Table 11. depicted sensitivity pattern of different bacteria against extracts of
T. cordifolia and ciprofloxacin. All test bacteria were less sensitive to sensitive to
both the aqueous and ethanol extracts exposed at different concentrations. The
ciprofloxacin  sensitivity of bacteria to these extracts concentration was
comparatively much lesser than highly sensitive a reference drug where as

Pseudomonas aeruginosa was found resistant.
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It is evident from the above results that both the aqueous and ethanolic
extract of Tinospora cordifolia was effective against susceptible pathogenic bacteria.
The ethanolic extract was more effective than aqueous extract. This implied that the
gram positive bacteria were more susceptible to extract than gram negative bacteria
might due to presence of outer cell membrane. Since the zone of inhibition of
ethanolic extract was significantly higher against Salmonella typhimurium was
indicative better permeation of active principles of this plant extracts where the
Pseudomonos aeruginosa showed intrinsic resistance due to restrictive outer

membrane barrier and trans envelop multi drug resistance pump.

The result of present investigation also highlight the fact that the organic
solvent extracts showed higher antibacterial activity due to either polar or non-polar
active antibacterial principles which were extracted through organic medium (Girish
and satish,2008 Significant antibacterial activity of ethanolic stem extract of
Tinospora cordifolia against E.coli, Salmonella typhi, Staphylococcus aureus
including other bacteria and marginal effectiveness of aqueous extract against £.

coli by disc diffusion method was reported by Jeyachandran, et al (2003 )

The concentration dependant anti fungal and antibacterial activity of
aqueous root extract was reported by Agarwal, et al (2008) where 100%
concentration was most effective against plant pathogens. Significant antibacterial
activity of five different plants including Tinospora cordifolia against E.coli,
Pseudomonos aeruginosa, Salmonella typhi, Staphylococcus aureus and other
bacteria have been reported by Girish and Satish, (2008). Mahesh and Satish 2008
who observed significant antibacterial activity of methanolic leaf extracts of different
plants including Tinospora cordifolia against E.coli, Staphylococcus aureus and
other pathogenic microorganisms. Mohana, et al 2008 observed antibacterial activity
of aqueous extract of Tinospora cordifolia and other eight medicinal plants against
eleven human pathogenic bacteria. These reports are in agreement with our

findings.
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4.3.2 Tube dilution method

The colony count of different bacteria following treatment with potent
ethanolic stem extract of 7. cordifolia is given in Table 12. The colony count of
Escherichia coli, Salmonelila typhimurium and Staphylococcus aureus was
significantly (P<0.01)reduced (100.00+1.67 to 226.00£5.03 cfu/ml) following
freatment with treated with 50 % ethanol extract concentration than 10 %
concentration (141.67+7.26 to 263.00+4.04 cfu/ml) as compared to bacterial control
(197.00+4.36 to 266.67+£10.14 cfu/ml). Significant reduction in colony count by 50%
concentration was observed against Salmonella typhimurium than Escherichia coli
and Staphylococcus aureus than to 10% ethanolic extract concentration as

compared to bacterial control.

4.4 Minimal inhibitory concentration (MIC)

The mean optical density (OD) values of four different bacterial cultures
treated with ethanol extract, extract control and bacterial control is given in Table 13.
Fig 5 Plate VIIl, IX and X. MIC of ethanolic stem extract of T. cordifolia against
Lscherichia coli, Salmonella typhimurium and Staphylococcus aureus was found 1o
be 2.0, 1.0 and 1.5 respectively. The susceptibility of respective bacteria to the
extract concentration were Salmonella typhimurium > Staphylococcus aureus >

Escherichia colfi.
Dhar et al, (1968) Observed antibacterial ineffectiveness of 50% elhanolic

stem extract with MIC value s 25 ug/ml after 24 hours incubation at 37°C is

contradicted with our findings might due to difference in concentration used.
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Plate. VIl MIC of ethanol extract against Escherichia coli

Bacterial control
0.5 mg/ml
1 mg/mi

1.5 mg/mi
2.0 mg/ml
2.5 mg/ml

@ Mmoo O W >

3 mg/mi

Plate. I1X MIC of ethanol extract against against Salmonelia
typhimurium

Bacterial control

0.5 mg/ml

1 mg/ml

1.5 mg/ml
2.0 mg/ml
2.5 mg/ml

G Mmoo O @ >

3 mg/ml

Plate. X MIC of ethanol extract against against Staphylococcus
aureus

Bacterial control
0.5 mg/ml
1 mg/ml

1.5 mg/ml
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4.5 Drug interaction studies

The ethanol extract of T. cordifolia combined with ciprofloxacin a reference
drug was evaluated to assess zone of inhibition against different susceptible
bacteria was compared with zone of inhibition of ciprofloxacin and extract disc

alone.

The results of this investigation are depicted in Table 14 and Plate XI, XlI,
X1l. The zone of inhibition of ethano! extract (7.33+ mm to 8.67+ mm), ciprofloxacin
(15.67+ mm to 27.67+ mm) and its combination (13.67+ mm to 26.67+ mm) was
significantly differs (P< 0.01). Where the zone of inhibition of combination disc was
significantly(P<0.01)reduced compared to individual extract and ciprofloxacin disc
against Escherichia coli, Salmonella typhimurium and Staphylococcus aureus was
indicative of drug extract antagonistic effect.  Harle and Gaikwad, (2004) who
observed interaction of light petroleum ether extract with dexamethasone by
increased absorptive permeability on isclated rat ileum .This report is in agreement
with our findings. No more information on drug-extract interaction was found in

reviewed literature on Tinospora cordifolia

4.6 Phytochemical studies

The results of this investigations are depicted in Table 15 and 16. The
glycoside, sugar, sterols, flavonoids and saponin were found in the aqueous and

ethanolic extracts of T. cordifolia.

The presence of glycosides (giloin, gilenin, gilesterol) in the stem extract of
Tinospora cordifolia was reported by (Kidwai, et al 1949, Gangan, et al 1994,
Maurya, et al 1997, Chintalwar, et al 1999) are in agreement with our findings. Patel
and Patel (1957) who observed greater amount of protein in the leaf of Tinospora

cordifolia was contradicted with our findings might be due to the part of plant used.
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Plate. VI

Plate. IX

Plate. X

Zone of inhibition by ethanolic extract (50%) of T. cordifolia,
ciprofloxacin and its combination against Escherichia coli
Ethanol extract disc (50%)
Ethanol extract disc (50%) + Ciprofloxacin

Ciprofloxacin

Zone of inhibition by ethanolic extract (50%) of T. cordifolia, ,
ciprofloxacin and its combination against Salmonella
typhimurium :
!
|
Ethanol extract disc (50%)
Ethanol extract disc (50% ) + Ciprofloxacin

Ciprofloxacin

Zone of inhibition by ethanolic extract (50%) of T. cordifolia, ,

ciprofloxacin aﬁd its combination against Staphylococcus

aureus .

Ethanol extract disc (50%)

Ethanol extract disc (50%) + Ciprofloxacin

Ciprofloxacin
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Plate. XI

Plate. XII

Plate. Xill

Zone of inhibition by ethanolic extract (50%) of T. cordifolia,
ciprofloxacin and its combination against Escherichia coli
Ethanol extract disc (50%)

Ethanol extract disc (50%) + Ciprofloxacin

Ciprofloxacin

Zone of inhibition by ethanolic extract (50%) of T. cordifolia,
ciprofloxacin and its combination against Salmonella
typhimurium

Ethanol extract disc (50%)

Ethanol extract disc (50%) + Ciprofloxacin

Ciprofloxacin

Zone of inhibition by ethanolic extract (50%) of T. cordifolia,

ciprofloxacin and its combination against Staphylococcus
aureus

Ethanol extract disc (50%)

Ethanol extract disc (50%) + Ciprofloxacin

Ciprofloxacin




.

Plate. Xill




Jussald _ paWwLI0o) Y104 1$9) weo4 (e uiuodeg
uesqy doj@Aep 10U S80P 1N0J02 B|ding 18] auupAyuiN (e SpIoe oUWy
ussqy dOoJ@A8p 10U SB0P IN0J02 MO||B A 1881 o18j04dOYIUEYX (Qq -
wesqy dojaAsp jou s80p 10|02 Huid 18|0IA 1881 ojainig (e l9j01d
Jussald dojensps 10|02 yuld 18} spiouone|4 (e SplouCAe|H
uesqy 10]02 Muld pedw Jou S8op JaAe| [edluoWWY | 1so} s ebenulog (e sauouinbenuy
ussald uonoun( ay) 1e buu pad 10 Juswdojeasg uonoeal s smoyes (e s|0J81S
uasqy pawlol | dd 18] 81e}9dke pEa (9
wesqy 10|02 mo||3A suep dojens( 189] 8lewolyolp wnisenod (g suluue |
esqy dojoAsp 10U S80p 10j02 UDID) 18} apliojyd ols (e
ussald dojaAep 40|02 pay s8] s,peoreg (p
Jussald Bul pai jo souelseaddy 188} s.yosioN (9 1e6n
Jussald dojanep 1dd pey 1usbeal sjoipausg (q S
Jussald dojarsp 1dd pey Jusbeal s Bulys4 (e
Jussald pawlo) 1dd ysiumoug | Juabeal syoipsuag (q oDISODA
Jussalid pawoy 1dd pau ysiumolg jusbeau s,bulys4 (e P! 19
ussqy pauwloy jJou saop 1dd mo||eA sawlep (p
ussqy padojaAsp jou saop 1dd Jus|no20)) umolg 1usbeal siaubepy (92 spiofe
Juasqy 1dd 10j02 wesu)) jo soueiesddy oN Juebeal Jekepyy (q PLOENIY |
Juasqy dojeaap jou saop 10j02 pal abuelQ Juebeau s juopusbeiqg (e
aouaiau] | sSuoneAIasqO peljdde i3s9] sa|diourid aAnRdy

"SIBI|\ B//04Ip102 BiOdSOUI] JO }OBIIXS WS)S DI|OUBY)D JO SisAjeue |ed1WaY203Ayd

‘Sl 9lqel




Jussald pawlo) yjoi4 1s8) weod (g uluodeg
esqy dojaAasp 10U $80p IN0J02 9jdind 188} suupAyuiN (e SpIoe oUWy
ssqy dojsAap 10U SB0p JN0J0I MO[|B A 1s8] a18t0idoyiuex (p ——
uasqy dojsAsp jou S80p 10]09 Muid 18]0IA 188} 9j04nig (0 1910.d
Jussaid dojaasap jou 10|02 Muid 1S8] spiouone|4 (e splouoAe|4
esqy J0j00 Muid peduw| Jou Ssop J8AB| [EDIUOWIWY | 188} sJebenuiog (e sauouinbenuy
lussald uonoun( ay je Buu pau Jo juswdoeasq uoljoeal s smoyes (e s|o121g |
uesqy pBaw.o} JouU S80p | dd 1S9] 81ejaoe pea (I
uesqy 10]00 moJ|9A dojaaap jou sa0( 1S8] 81eWoJydIp wnisenod (e suluue |
ussqy dojaAsp J0U SO0P I0j0D UsBIL) 18} 8puOojyo aIa (p !
Juasald dojansp 10j02 pay 1se1 s, paopueg (u o |
asald Buu pal jo soueleaddy 189} s uosHOR (D 2B _
Jussald dojeasp 1dd pay | jusbeal splpsusg (I S
Jussald dojeasp 1dd poy | Jusbeal s Buiys (8
esald pawuoy 1dd ysiumolg Jusbeal spo|pauag (p -
Jussald pawloy }dd pal ysiumoug usbeal s Bulysd (2 P! 19
ussqy paw.io) Jou saop 1dd mojeA s.ewep (y
Juesqy padojaAsp Jou seop 1dd 1us|n920j) umolg Jusbeal siaubepy (B SpioE
uesqy 1dd Joj0o wesl) Jo souelesaddy oN wsbesal sohepy () PIO/EAIY
ussqy dojansp jou s80p 10]02 pal abuelp webeal s opusbeiqg (e

aouaJaju| suoleAIasqo peijdde 3s9]

sa|diound aAnoYy |

"SISI\ BIj0JIpJ02 BIOdSOU]] JO JDRBIIXD We)S Snosnbe jo siskjeue jeoiway201hyd

‘91 9|qel




The presence of sugar are in agreement with report of Jahfer, (2003) who isolated
glucose and polysaccharides such as arabinose, rhamnose, xylose, mannose, and
galactose from Tinospora cordifolia . Similar observations were also reported by
Jahfer and Azadi (2004).

The active constituents such as flavanoides, sterols and saponin were

additionally found in the above extracts.

4.7 Immunological studies

In this investigation DNCB dermal hypersensitivity test was employed to
assess cell mediated immune response in different treatment grecups of broiler birds
supplemented with stem powder of T. cordifolia in feed and some physical
parameters such as body weight, weight gain /loss, feed consumption, feed
conversion ratio (FCR) and water intake was also studied. The results of this

investigation are as below.

4.7.1 Average weekly body weight: gain/loss

Results of the average body weight and gain in weight following
supplementation of Tinospora cordifolia in the feed of broiler bird presented in Table
17 and 18. Fig. 6 and 7

In control group (T0) the average weekly body wt. at 3%, 4" 5" and 6" week
were 930.90 gm, 970.50gm, 1407.5gm and 1720 gm with gain in weight 276.60gm,
500gm, 312.50 gm respectively. There was significant (P< 0.01) increase in body

weight and weight gain from 4" week on wards and continued up to sixth week.

In group T1 average weekly body weight during 3™, 4" 5" and 6" week
were 636.30 gm 922.50, 1480.50 and 1765.50 gm and gain in weight 286.20gm,
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558gm, 283.50 gm respectively. There was significant difference observed in weekly
body weight and weight gain however body weight was significantly (P< 0.01)
increased during 6" week and significantly higher(P< 0.01) gain in weight during 5"
week following Tinospora cordifolia feed supplementation @ 4 gm/kg feed for 21
days .

In group T2 average weekly body weight during 3™, 4" 5" and 6" week
were 650.80 gm, 927.70gm, 1417.5gm and 1915 gm respectively. That was
significantly differ within weekly intervals and was found highly significant (P< 0.01)
during 6™ week. Average weight gain during 4", 5", and 6" week were 776.90gm,
579.80gm and 397.50gm respectively which was highly significant(P<0.01) during

5™ week than 6™ week compared to 4™ week

Comparing between treatment groups T0, T1 and T2 overall body weight in
group T2 (1252.8 gm) was significantly increased than T1 group (1201.1 gm)
compared to control (1166.5 gm). These values were significantly differs. Overall
average gain in body weight in groups TO, T1 and T2 were 363.03 gm, 375.90 gm,
and 418.07 gm respectively which was significantly(P<0.01)higher in group T2 than

T1 as compared to control.

It is evident from above study that Tinospora cordifolia stem powder had
better growth performance at higher dose level and was indicating adaptogenic

effect during extreme hot summer.

The normal body weight of broiler birds during 3™ to 6 weeks of age were
ranged 560-1690gm in male and 515-1430 gm in female (Ensminger,1992). In our
study overall body weight in group TO was 1166.5 gm which was found within the
normal body weight. Following treatment with Tinospora cordifolia at different dose
level, the body weight was increased in respective treatment group. Devegowda et
al (1990) also observed increased body weight, weight gain with Livol
supplementation at 0.5 and 0.25 % level. Decrease in carcass weight due to

reduced level of vitamin C during high ambient environmental temperature and heat




stress in poultry reported by Richards,1997 which was significantly improved by T.

cordifolia as it is reach source of vitamin C (Donkoh, 1989)

4.7.2 Average weekly feed consumption

The average values of feed consumption in different treatment groups of
broiler birds are given in Table 19. Fig. 8

In group TO (control) the average weekly values of feed consumption per
bird during 4" 5" and 6" week were 770gm, 865gm and 650 gm respectively was
significant differs (P<0.01) within weekly intervals. That was highly significant during

5™ wisek than 4" and 6" week.

In group T1 average weekly feed consumption during 4™ 5™ and 6" week
were 781gm, 1119gm and 835 gm respectively. These values showed significant
incrzase in feed consumption during 5" week than 4" and 6" week following

treatment with Tinospora cordifolia @ 4 gm/kg feed for 21 days.

In the group T2 average weekly feed consumption per bird during 4" 5" and
6" week were 775gm, 1200gm and 850 gm respectively. Significant increase in feed

consumption during 5" week was observed than 4" and 6™ week.

Overall average weekly feed consumption during 4", 5" and 6" week were
715.33gm, 1061.3 gm and 778.33 gm respectively was significantly (P<0.01)
different within weekly interval and was found highly significant during 5" wee

compared to-4" and 6.

Comparing overall average of feed consumption per bird per week in the
‘eatment groupsTO, T1, and T2 were 761.67gm, 911.67gm, and 941.67 gm
respectively significantly (P<0.01) differs. Significantly higher feed consumption

observed in group T2 than T1 as compared to T0.
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Our findings are in accordance with the reports of Devegowda et al (1990)
who observed increased in feed consumption following Livol supplementation at 0.5

and 0.25 % level in poultry.

4.7.3 Average weekly feed conversion ration

Average weekly value of FCR in different treatment groups of broiler bird is
depicted in Table. 20. Fig. 9

Overall average weekly valte of during 4" 5" and 6" week were 2.77, 1.94

™ week than

and 2.41 respectively. FCR found cignificantly lesser (P<0.01) during 5
4th and 6" week was indicating lesser the feed consumption greater the body

weight.

Comparing FCR values between different treatment groups T0, T1, and T2
were 2.19, 2.58 and 2.35 respectively. FCR values in group T1 and T2 were
significantly higher (P<0.01) than control was indicating higher the feed

consumption lesser the bady weight gain might be due to heat stress.

4.7.4 Water intake

Table. 21 Fig. 10 depicted avierage water intake of broiler in different
treatment group. The amount of water required of different treatment groups T0, T1
and T2 during 4", 5", 6" week were ranged to 1412.9 to 2600, 1414.3 to 2606.4
and 1420.7 to 2615 ml per bird per week "espectively.

In control group (TO) the water sonsumption was progressively increased
from 4" 5th, and 6" week were 1412 ¢ ml, 2001.4 ml and 2600 ml per bird per

week which was significantly (P<0.01) increased at 6" week than 4™ and 5" week.

In group T1 the water consumpticr at 4" week 1414.3 ml, 5" week 2007.9m|
and 6" week 2606.4 ml Significant increase (P<0.01) was observed weekly interval
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were water requirement was considerably higher at 6" week compared to 4" and 5"

week.

In group T2 the water consumption at 4", 5" and 6" week were 1420.7,

2015 and 2615 ml respectively which was higher at 5" and 6" week than 4" week.

Comparing the consumption of water in different treatment groups there was
no significant difference observed at 4" and 5" week however the water
requirement in the group T2 and T1 was significantly (P<0.01) increased as

compared to control .

The daily water consumption during 3" to 6" week chickens of different ages
are 90 to 260 litters per thousand birds (Ensminger, 1992). The observed values of

water consumption are within the range given by Ensminger, (1992).
The water intake was significantly increased in T2 group than T1 as compare
to control after 6™ week and the difference in water intake might be due to increase

metabolism and loss of water due to high environmental temperature.

4.7.5 DNCB Contact Skin Hypersensitivity Test (CMI)

Results of DNCB skin sensitivity test in terms of skin thickness and diameter

of spreading lesion are mentioned in Table 22. Plate. XIV and XV

In control group skin thickness (mm) after challenge by DNCB at 0 hrs was
0.06 + 0.003.which was incrgased to 0.31 + 0.003 mm during first 24 hrs which was
subsequently reduced to 0.20 + 0.002 mm after 48 hr period. The increase in
thickness during first 24 hr was significantly (P<0.01) higher. The thickness of skin
after 72 hr was 0.11+ 0.002 mm was found to be decreased than first 24 hour and
48 hour. similarly the diameter of spreading lesion was 3.17 +0.03 c¢m during first 24
hr after challenging by DNCB was significantly to 2.66 + 0.007 ¢cm and 2.27 + 0.01

cm followed by 48 hand 72 hour respectively after challenging.
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Pla

te. XV: Skin thickness after challenge by DNCB




Anueoniubls Jayip Jou op 1duosIadns sWes Yiim pajosuu0d Suesw syl [8A8] Jusasad 1o'0 Je wesyubis .,
- 90°0= uonoeIBIUI INOY , JUBWIES] JO) 0D

«10°0= UONOBISIUI JINOY , Jusweal] 10} 09

x£0°0 = inoy Jol go «500°0 = Jnoy 1o) o
«~£0°0 = JuswieaJ; 1o} 4D «700°0 = Juswieal; 10} g9
G000 | S00°0 2000 Z000 €000 €000 €000 | uesw i
7,052 7,88°C F,8€°¢ F,710 74220 F,5€0 %, 600 juswiess) |
o T o i b (pos) |
€000 | 20050,z | 9000FEL'E | EOOFLOE | oon %, €20 €00°0% 21'0 | E00°0F¥Z'0 | E00'0¥8E0 | SO0OFELD Br/wbg
F, 5L | @)zl
€00°0 | e (posy
0Lk x 7o | S000FS8T | LOOFOE'E | TO00F,02°0 | Z000FEL'0 | €00°0FEZ0 | 2000FSE0 | LOOOFOL0 | Bwwby
Fq16°C | p00F28T | _
M _ @) 11
_ _
£000 | /000%99¢C | CO0FLLE Z00°0F LL'0 | 200°0F0Z°0 | €00°0F LE'0 | £00°0F 90" (19)
1002 | 100522 - FLEO 0¥90°0 119) 0L
&) ” 2000 %, 210
siyzl siygy | sy Sy z. sly g sy vz siy 0
MRl mc_umw._En_nNH_Mm._mmM_mEm_o S (wiw) upys Jo ssauyal i
InoH : : INOH s} AL juswieal ]

(z1) paay} BY/wbg pue (L1) pas) By/wb v @ pes) pajeiodiooul Jopmod WSYS BIj04IPI0D “[ YIIM
P8} Spliq J18[l0.aq 0 Jualaylp Jo sjeAssjul Juswieal) 3sod gONQ 0 uonoeas AjAnisuasiadAy pakejaq

‘¢¢ °|qel




In group T1 fed with T.cordifolia stem powder @ 4gm/kg feed showed skin
thickness at 0 hrs was 0.10 + 0.001 mm which was significantly(P<0.01) increased
after 24 hr only (0.35 +0.002 mm) there after it was reduced to 0.23 + 0.003 mm and
returns nearly normal subsequent 72 hours (0.13 + 0.002 mm). The reduction in
thickness in this group was significant after 72 hours. The diameter of spreading
lesion at 24 hrs 3.36 £0.01 cm was significantly (P<0.01) higher than at 48 hours
(2.85 +0.005cm) and 72 hour (2.52+0.04cm). Diameter of spreading lesion after 72

hours was return nearly to normal at 0 hours (2.00+00cm).

In group T2 fed with Tinospora cordifolia stem powder at the dose rat
8gm/kg feed was showed skin thickness 0.13 + 0.005 mm at 0 hrs which was
significantly increased to 0.38 £0.003 mm during first 24 hrs there after it was
significantly decreased during subsequent 48 hrs and 72 hr respectively after
challenging with DNCB. Diameter of spreading lesion in this group was 3.65+0.03
cm during first 24 hrs was significantly (P<0.01) higher than spreading lesion
observed during subsequent 48 hrs (3.13 £0.006 cm) and 72 hours (2.70+£0.02 cm)

respectively.

Comparing skin thickness between different groups TO, T1 and T2, It was
observed that subsequently 24 hour of challenging the skin thickness
significantly(P<0.01)increased in both the T. cordifolia treatment groups than the
control. The increase in skin thickness continued even after 72 hour in this group.
Similarly the diameter of spreading lesion was significantly (P<0.01) move in T2
group 3.61 +0.03 cm as compared to 3.36 +0.01 and 3.17 £0.03 cm in T2 and TO
groups respectively. The diameter of the spreading lesions T2 groups after 24

hours.

The diameter of inflamed area after 24 hour 3.61+ 0.03 cm was maximum,
increase in skin thickness 0.38+ 0.003 after 24 hour as compared to 0.35 +0.01 mm
in T1 group was significantly (P<0.01) higher than TO group its subsequent

reduction in size after 48 and 72 hour was minimum in T.cordifolia treated group
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(T1, T2) indicated that the T. cordifolia enhanced CMI in these birds which was
initially responsible for profound inflammatory response that was subsequently

continued for 72 hour.

The immunomodulatory potential of Tinospora cordifolia stem powder in
various immune disorders and experimental investigations were reported by several
authors. Atal, et al (1986) observed improved phagocytic function without affecting
humoral and cell mediated immune response by ethanolic extract of Tinospora
cordifolia in mice. Gross(1992) reported increase in inflammatory cytokines due to
production of corticosteron and inhibit production of antibody which was improved
by ascorbic acid during heat stress in broiler.The above reports are in consonant

with the findings observed in our study.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Study was carried out to evaluate antibacterial activity and
immunomodulatory potential of Tinospora cordifolia in poultry with the following

objectives

1. To prepare aqueous and ethanolic hot extracts of stem of Tinospora
cordifolia and to determine its percentage of extractability.

2. To study antibacterial activity of these extracts alone and potent extract in
combination with reference drug ciprofloxacin against common pathogenic
bacteria by disc diffusion and tube dilution method in vitro.

3. To determine minimal inhibitory concentration (MIC) of most potent
antibacterial extract by tube dilution technique in vitro.

4. Phytochemical studies of these extracts (Qualitative analysis) for presence
of active principles and

5. To evaluate immunomodulatory potential of Tinospora cordifolia stem

powder employing DNCB skin sensitivity test in poultry.

The percentage of extractability of aqueous and ethanolic hot extracts was

found to be 4.83 and 4.29 in the respective solvents.

These extracts at different concentrations viz. 100%, 50% and 10% were
evaluated for antibacterial activity against Escherichia coli, Pseudomonas
aeruginosa, -Salmonella typhimurium and Staphylococcus aureus by discs diffusion
assay. The amount aqueous extract of 100%, 50% and 10% concentrations in each
disc was found to be 22.67mg/disc, 17.17 mg/disc and 13.97 mg/disc respectively
and ethanolic extract 14.53 mg/disc, 15.33 mg/disc and 18.30 mag/disc respectively.

The aqueous extract impregnated disc with 100% and 10% concentration

were showed zone of inhibition (mm) 9.33, 7.67 mm and 7.67, 10.22 mm against
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Escherichia coli and Staphylococcus aureus. 50% concentration was found to be
ineffective against all test bacteria. 100% ethanolic concentration of extract was
effective against Staphylococcus aureus (zone of inhibition 11.33 mm), 50%
concentration against E. cofi (9.67 mm), Salmonella typhimurium (11.33 mm) and
Staphylococcus aureus (7.67 mm) and 10% concentration was effective against E.
coli (9.00 mm), Salmonella typhimurium (10.00 mm) and Staphylococcus aureus
(7.00 mm). Both aqueous and ethanol extract concentrations were found to be
ineffective against Pseudomonas auriginosa. Zone of inhibition showed by all test
extract concentrations was significantly lesser than the ciprofloxacin a reference
drug this method. Sensitivity pattern of different bacteria to these extracts was less

sensitive to sensitive.

Bacterial colony count evaluated by tube dilution method showed significant
reduction in colony count by 50% ethano! extract (100£1.67 to 226+5.03) followed
by 10% against E. coli, Salmonella typhimurium and Staphylococcus aureus as
compared to control bacterial colony count (197+4.36 to 266.67+10.14).

MIC of potent ethanol extract of T. cordifolia as determined by tube dilution
method against E. coli, Salmonella typhimurium and Staphylococcus aureus were

2.0, 1.0 and 1.5 mg/ml respectively.

Drug-extract interaction study assessed by disc diffusion method revealed

antagonistic effect of 50% ethanolic extract with ciprofloxacin.

The glycosides, sugar, sterols, flavonoids and saponins were found in the

aqueous and ethanol extract by qualitative phytochemical analysis.

Cell mediated immune response as immunological parameter was assessed
in broiler birds exposed to extreme hot environmental conditions in vivo. Thirty
broiler birds were grouped into three groups viz. T1 served as untreated control, T2
fed with T. cordifolia @ 4 gm/kg and T2 fed with 8 gm/kg feed incorporated T.
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cordifolia stem powder. The body weight, weight gain, feed consumption and water

intake was increased as compared to control.

Skin hypersensitivity test showed significant increase in skin thickness and
size of spreading lesion in T. cordifolae.supplemented groups compared to control.
In all three groups the thickness of the skin at the challenge site was increased
significantly within first twenty four hours. The increase in thickness was reduced
subsequently and during subsequent 72 hrs it reaches nearer to normal in control
group however in T. cordifolia fed groups T1 and T2 it remained still significantly

increased.

The diameter of all spreading lesions was highest in T. cordifolia
supplemented group was indicated that inflammatory process was more sever in

these groups as compared to control.

The following conclusions were drawn from the present study.

1) Percentage extractability of aqueous and alcoholic extract were 4.83 and
4.29 respectively which was statistically non significant.

2) Both extracts of T. cordifolia had broad spectrum antibacterial activity
which was concentration dependent and was comparatively much lesser
than ciprofloxacin in vitro.

3) MIC values of potent ethanol extract were 2.0, 1.0 and 1.5 mg/ml against
E. coli, Salmonella typhimurium and Staphylococcus aureus respectively.

4) The glycosides, sugar, sterols, flavonoids and saponins were present in
both aqueous and ethanol stem extract of T. cordifolia.

5) T. cordifolia stem powder supplementation in broiler significantly
contribute to better body weight gain, feed consumption and water intake
as compared to control and had persistence in sever inflammatory
processes during summer was suggestive its adaptogenic potential of

this plant.
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APPENDIX
Table 2. Analysis of variance for amount of aqueous extract of Tinospora
cordifolia stem impregnated on the blank disc/discs
Extract Impregnated disc Extract in each disc
Source DF
MSS ‘= value MSS ‘F’ value
Treatment | 2 22667 7.03* 56.94 1289.3**
Error 6 3.22 0.04
Total 8
** Significant P < 0.01
* Significant P < 0.05
Table 3. Analysis of variance for amount of ethanolic extract of Tinospora
cordifolia stem impregnated on the blank disc/ discs
Extract Impregnated disc Extract in each disc
Source DF
MSS ‘i value MSS ‘F" value
Treatment | 2 4247 .4 530.2* 11.10 850.2*
Error 6 8.00 0.01
Total 8

** Significant P < 0.01

Table 10. Analysis of variance for comparative zone of inhibition of different
extracts of Tinospora cordifolia stems and reference drug
(ciprofloxacin) against different bacteria

Escherchia coli Salmonella Staph y!ococcus“
Source | DF typhimurium aureus
MSS | ‘F’ value MSS ‘F’ value MSS -. T vaiL;e_
Treatment | 6 | 262.63 | 262.63** 279.56 293.63* 425.42 3._65* o
Error 14 1.00 0.95- 4.36 " -
Total 20

** Significant P < 0.01
* Significant P < 0.05
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Table 14. Analysis of variance for zone of inhibition of ethanolic stem
extract of T. cordifolia, ciprofloxacin and its combination against
different bacteria

Escherchia coli Salmonelia Staphylococcus
typhimurium aureus
Source | DF
MSS ‘F MSS ‘F' value MSS ‘F’ value
value

Treatment | 2 343.00 | 1029** 205.78 1852** b6.778 170.33**

Error 6 0.33 0.11 0.33

Total 8

** Significant P < 0.01

Table 17. Analysis of variance for Feed consumption of broilers at different
age fed with different levels of stem powder of Tinospora
cordifolia

SV D.F MSS ‘-I;’_va.ltlle | _

Treatment o 279000 139.61*

Week 2 o 809470 405.06™*

Treatment X Week | 4 - 75445 3778

Error 81 : a 1998.4

| Totél 89 ]

** Significant P < 0.01

Table 18. Analysis of variance for body weight of broilers at different age
fed with different levels of stem powder of Tinospora cordifolia

;:V D.F - MSS ‘F’ value

Treatment 2 75406 - 168.48*"

Week 3 8350900 18435%
_-T“reatment X Week | 6 20778 46.42™ ]

Error 108 44?.57

Total 119

** Significant P < 0.01
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Table 19. Analysis of variance for body weight gain of broilers at different age
fed with different levels of stem powder of Tinospora cordifolia

SV D.F MSS ‘F’ value
Treatment 24861 29.21%
Week 2 597630 . ?0._2“3**
Treatment X Week | 4 13776 16.19**
Error 81 850.89

Total 89 - -

** Significant P < 0.01

Table 20. Analysis of variance for Feed conversion ratio of broilers at different
age fed with different levels of stem powder of Tinospora cordifolia

S.v D.F MSS 1 ‘F'_Va|;Jé_- -
Treatment 1.16 18.65"" _
Week o 2 517 82.94‘_‘;“ |
Treatment X \;";(;ék 4 0.79 12.70**

Error 81 0.06 .
Total 89 _

** Significant P < 0.01

Table 21. Analysis of variance for Water intake of broilers at different age fed

with different levels of stem powder of Tinospora cordifolia

s.v D.F MSS ‘F’ value
Treatment 786.11 150N
Week 2 7449500 14367
Treatment X Week | 4 2777 0.05"%
Error 54 518.52

Total 62

** Significant P < 0.01
NS at P <0.01and P <0.05
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Table 22. Analysis of variance for delayed hypersensitivity reaction of DNCB
post treatment intervals of different groups of broiler birds fed with
T. cordifolia stem powder incorporated feed

Thickness of skin

_S;v' N D.F MSS ‘!;’ -;élue —
Treatment 2 0.03 34.76**

Week 3 0.10 35.18**
Treatment X Week | 6 0.13 9.64™

Error 108 0001 | -
WTota[ 119

** Significant P < 0.01

Diameter of spreading lesion of skin

S.V D.F MSS : ‘F’ value
Treatment 2 1.52 S 3008**_ T
.;\J.'-éek 2 5.92 B 1169.8**
Treatment X Week | 4 ! 0.006 1.36 N -
Error 54 0.005 ]
Total 62 -

** Significant P < 0.01

NS at P<0.01and P <0.05
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ABSTRACT

Tinospora cordifolia herb is well known medicinal plant used as single drug
entity in the Ayurveda. It is popular folklore herbal medicine used in the treatment
of many ailments in man and animal. The present investigation was carried out to
evaluate antibacterial activity and immunomodulatory potential of stem of

Tinospora cordifolia in poultry with the following objectives

——————e



To prepare aqueous and ethanolic hot extracts of stem of Tinospora
cordifolia and to determine its percentage of extractability.

To study antibacterial activity of these extracts alone and potent extract in
combination with reference drug ciprofloxacin against common pathogenic
bacteria by disc diffusion and tube dilution method in vitro.

To determine minimal inhibitory concentration (MIC) of most potent
antibacterial extract by tube dilution technique in viiro.

Phytochemical studies of these extracts (Qualitative analysis) for presence
of active principles and

To evaluate immunomodulatory potential of Tinospora cordifolia stem

powder employing DNCB skin sensitivity test in poultry.

The percentage of extractability of agueous and ethanolic extract was
found to be 4.83 and 4.29 respectively.

The amount aqueous exfract at 100%, 50% and 10% concentrations
adsorbed in each disc was found to be 22.67mg/disc, 17.17 mg/disc and 13.97
mg/disc respectively. The ethanol extract in each disc adsorbed was found to be
14.53 mg/disc, 15.33 mg/disc,18.30 mg/disc. The amount of 10% ethanol extract
adsorbed in each disc was found highest and lowest at 100% concentration.

Zone of inhibition (mm) of aqueous extract at 100%, and 10%
concentration was found to be 9.33, 7.67 mm and 7.67, 10.22 mm against
Escherichia coli and Staphylococcus aureus where 50% concentration was
ineffective against all four test bacteria. Similarly zone of inhibition of ethanol
extract at 100% concentration was effective against Stfaphylococcus aureus
(11.33 mm) only. 50% concentration against E. coli (9.67 mm), Salmonella
typhimurium (11.33 mm) and Staphylococcus aureus (7.67 mm) and 10%
concentration were effective against E. coli (9.00 mm), Salmonella typhimurium
(10.00 mm) and Staphylococcus aureus (7.00 mm). Both the extracts at different
concentrations were ineffective against Pseudomonas auriginosa. Compared to
ciprofloxa}cin both extracts concentration were showed lesser zone of inhibilion
that was indicative lesser antibacterial activity. Sensitivity pattern of different
bacteria to these extracts was ranged from less sensitive to sensitive.

Colony count of susceptible bacteria was significant reduced by 50%
ethanol extract (100+1.67 to 226+5.03) followed by 10% against E. coli,




Salmonella typhimurium and Staphylococcus aureus as compared to control
bacterial colony count (197+4.36 to 266.67+10.14).

MIC of ethanolic extract against E. coli, Salmonella typhimurium and
Staphylococcus aureus were 2.0, 1.0 and 1.5 mg/ml respectively.

A drug interaction study was revealed antagonistic effect of 50% ethanolic
extract with ciprofloxacin.

The glycosides, sugar, sterols, flavonoids and saponins were found in the
aqueous and ethanol extracts ( qualitative phytochemical analysis).

Immunomodulatory potential of T. cordifolia stem powder was evaluated in
three different treatment groups of broiler birds were exposed to extreme hot
environmental conditions. T1 group was untreated control, T2 fed with T. cordifolia
@ 4 gm/kg feed and T2 group fed with 8 gm/kg feed incorporated T. cordifolia
stem powder. Results of this investigation were showed increased body weight,
weight gain, feed consumption and water intake was indicative of adaptogenic
effect.

DNCB skin hypersensitivity test was performed to assess CMI was reveled
significant increase in skin thickness and size of spreading lesion following
different treatment levels as compared to control. The highest diameter of all
spreading lesions in T. cordifolia fed group indicates inflammatory process that
was more sever as compared to control.

The following conclusions were drawn from the present study.

Percentage extractability of aqueous and alcoholic extracts was found

to be 4.83 and 4.29 respectively

T. cordifolia aqueous and ethanolic stem extracts had broad spectrum
antibacterial activity which was comparatively lesser than ciprofloxacin
in vitro.

MIC value of potent ethanolic extract was found to be 2.0, 1.0 and 1.5
mg/ml against E. coli, Salmonella typhimurium and Staphylococcus
aureus respectively.

The glycosides, sugar, sterols, flavonoids and saponins were present
in both the aqueous and ethanolic extracts.

Supplementation of T. cordifolia stem powder in broiler feed contribute
better body weight gain, feed consumption and water intake as
compared control showed adaptogenic potential during hottest

summer.
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