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ABSTRACT - Tefroli is a type of ayurvedic tonic composed of 6 herbal extract mixtures such as Phyllanthus niruri,
Ocimum sanctum, Tephrosia purpurea, Andrographis paniculata, Eclipta alba and Terminalia chebula and the
importance of the present work is to evaluate the protective effect of Tefroli tonic (a poly herbal mixture) against
cadmium induced hepatotoxicity in experimental rats. Subcutaneous injection of cadmium chloride (CdCl,) to rats
caused liver damage and was observed by analysis of serum bilirubin and assay of marker enzymes such as
transaminases and phosphatases of both serum and liver. Histopathological observation of hepatic tissue also
showed marked changes in liver cells. Oral administration of Tefroli to CdCl, induced hepatotoxic rats reversed the
above parameters to near normal levels. From this study, it is concluded that the administration of Tefroli tonic
has maximum protective effect against cadmium-chloride induced hepatotoxicity in experimental rats.

KEYWORDS- Cadmium chloride, Histopathology, Marker enzymes, Tefroli, Serum Bilirubin.

INTRODUCTION

Cadmium (Cd) is a naturally occurring metallic element
widely present in environmental sources and industrial
wastes. Cadmium is absorbed in human body from the
grown foodstuffs, especially grain, leafy vegetables
and readily from the soil (1,2), also present in
cigarette fumes, fumes from vehicles (3) and
contamination of drinking or well water due to
leaching of industrial wastes. Cadmium has no
essential biological function and is extremely toxic to
humans (4). In chronic exposure, it also accumulates in
the body, particularly in the kidneys and the liver (2)
and is known to be carcinogenic, causing cancer in the
lung and prostate (1,2).

The toxic effects of cadmium are due to its inhibition
of liver metabolic enzyme systems containing
sulphydryl groups and uncoupling of oxidative
phosphorylation in mitochondria(2) which results in
increased lipid peroxidation, hepatic congestion,
ischemia, and hypoxia(5). The resultant ischemic
hypoxia leads to neutrophil infiltration, Kupffer cell
activation, and inflammation, which could potentially
contribute to the widespread hepatocellular apoptosis
and necrosis observed with Cd (5,6,7). The various
indigenous systems of medicine such as Siddha,
Ayurveda, Unani and sometimes Allopathy use several
plant species for the treatment of degenerative
diseases (8). Presently, the medical fraternity and the
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patients have increasingly started, using plants to
overcome various illnesses and sufferings mainly to
obviate the profound side effects encountered in usage
of modern drugs (9,10)° Hepatotoxicity is also a type
of degenerative disease due to viral attack (11), metal
toxicity (12), metabolic abnormalities (13) and
environmental pollution (14), which can be cured by
herbal medicine extracts or its individual active
constituents(15).

Tefroli is a type of ayurvedic tonic composed of 6
herbal extract mixture, having components possessing
hepatoprotective  activity (16,17,18). The 6
components of the mixture of Tefroli tonic are the
alcoholic extract of the leaves of Andrographis
paniculata(19), the root and alkali preparation of
Tephrosia purpurea(20), the whole plant hexane
extract of Phyllanthus niruri(21), the standardized
extract of Ocimum sanctum(22), the ethanolic extract
of the leaves of Eclipta alba(23) and the aqueous
extract of the bark and fruits of Terminalia
chebula(24,25) and in the present work the possibility
of protective treatment of Tefroli in cadmium chloride
induced hepatotoxicity in rats was studied by assaying
the activities of serum and tissue marker enzymes,
serum bilirubin level and histopathological analysis of
liver cells.
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MATERIALS AND METHODS

Tefroli - It was obtained commercially from TTK
Pharmaceuticals Ltd., Chennai. The presence of the six
herbs in the mixture active compositions was
estimated by qualitative chemical tests, which proved
the existence of alkaloids, tannins, polyphenols and
other active ingredients (26).

Chemicals - Oxoglutarate, D-L-alanine, L-aspartate,
glycine and bovine serum albumin were purchased
from Sigma Chemical Co., Bangalore., and remaining
chemicals were obtained from Loba Chemie Co.,

Bombay.
Animals - Adult male albino rats of Wistar strain
weighing 150-200 g obtained from Tamil Nadu

Veterinary and Animal Sciences University were fed

with standard diet and water ad libitum and housed

under standard environmental conditions. All the
experiments were done according to animal
institutional ethical committee

(360/01/9/CPSEA/2001).

Experimental design -Animals were grouped into

following 4 groups of six animals each.

Group 1 : Control rats. Group1 rats were referred as
positive control rats.

Group 2 : Rats were given 7 subcutaneous injection
(s.c.,) of CdCl, (3 mg of cadmium
chloride/kg body weight) over a 2-week
period. Group 2 rats were referred as CdCl,
induced hepatotoxic rats.

Group 3: Cadmium chloride induced toxic rats,
treated with Tefroli tonic (10ml/kg body
weight) for 30 days from the last day of
cadmium chloride administration.  Group 3
rats were referred as CdCl, & Tefroli treated
rats.

Group 4 : Control rats administered with Tefroli alone
for the 30 days. Group 4 rats were referred as
drug control rats.

At the end of the experimental period, (i.e. after 45

days) the animals were anaesthetized with

pentobarbital sodium (35 mg/kg, i.p.,), blood was
drawn from the external jugular vein of the rat and
serum was separated by centrifugation. Serum was
used for the assay of hepatic marker enzymes, serum
protein and serum bilurubin. The liver tissues were
dissected out immediately and washed in ice-cold
saline. One portion of each fresh liver tissue was fixed
in 10% formalin-saline for 24hrs for histopathological
observation. Other portion of tissue (100 mg) was
weighed accurately and homogenized with the help of
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Teflon homogeniser in 5 ml of 0.1M Tris-HCl buffer (pH
7.4) in ice-cold condition. The homogenate was
centrifuged at 2500 g and the clear supernatant
solution was used for the estimation of tissue marker
enzymes and protein studies. Protein was estimated by
the method of Lowry et al both in serum and liver
homogenate (27). Serum and tissue alanine and
aspartate transaminase were assayed according to the
method of Bergemeyer and Bernt (28). Phosphatases
were assayed by Tenniswood et al method (29). Serum
bilurubin was estimated by Johnson micro method
(30).

Histological studies - As mentioned earlier one portion
of each fresh liver tissues were fixed in 10% formalin-
saline for 24hrs for histopathological observation and
histological evaluation was performed on whole
portions of the liver tissue. The fixative was removed
by washing through running tap water for overnight.
After dehydration through a graded series of alcohols,
the tissues were cleaned in methyl benzoate,
embedded in paraffin wax. Sections were cut into 5pm
thickness and stained with hematoxylin and eosin.
Again after dehydration and cleaning, the sections
were mounted and observed under light microscope
with magnification of 100x for histological changes.
Statistical analysis- Results were presented as mean *
SD. The significance of difference among the groups
was assessed using students T test. Significance was
set at P<0.05, <0.01 and <0.001.

RESULTS - Table 1 shows the level of serum bilurubin
and protein in serum and liver. Group 2 cadmium
chloride induced hepatotoxic rats showed a significant
reduction in the amount of protein (P<0.001) content
both in serum and liver, with concomitant increase in
serum bilurubin when compared to control rats. Group
3 drug treated rats showed near normal levels of serum
bilurubin and protein (P<0.001) and tissue protein
(P<0.01) when compared to Group 2 cadmium chloride
induced toxic rats. Group 4 Tefroli alone- administered
rats did not show any significant change when
compared to Group 1 control rats (NS). Table 2 shows
activity of alanine transaminase and aspartate
transaminase enzymes both in serum and liver tissue.
Group 2-cadmium chloride induced rats showed high
levels of alanine transaminase and aspartate
transaminase in serum (P<0.001) and liver (P<0.01).
Group 3 drug treated animal showed near normal
levels when compared to Group 2 rats (P<0.001).
Group 4 Tefroli -alone administered rats did not show
any significant change compared to control rats (NS).
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Table 1: Level of serum bilirubin and protein in the serum and liver of normal and experimental groups of rats.

Values are expressed as mean +SD for six rats in each group.

Parameters Group 1 Group 2 Group 3 Group 4
Control rats CdCl, induced toxic rats  CdCl, induced and Tefroli treated rats
tefroli treated rats
Serum bilirubin 0.3 £0.02 1.90 £0.12 0.78 £0.06 0.28 £0.02™°
mg/dl
Serum protein 7.60+0.19 6.75+0.11°" 7.24+0.16™ 7.68 +0.18"™°
g/dl
Tissue protein ~ 300.09 + 12.14 242.94+15.45™ 275.13+14.79" 309.43+18.80™°

mg/g tissue
Statistical significance comparison made by Student “T” test.

Groups were compared as follows: Group 2 Vs Group 1; Group 3 Vs Group 2; Group 4 Vs Group 1;  *** P<0.001, ** P
<0.01, * P<0.05, NS = Non Significant

Table 2: Activity of Alanine transaminase and Aspartate transaminase in the serum and liver of normal and
experimental groups of rats. Values are expressed as mean +SD for six rats in each group

Alanine transaminase Aspartate transaminase
Serum Liver Serum Liver
Experimental pg of pyruvate ug of pyruvate ug of pyruvate ug of pyruvate
group of rats liberated/ml of serum liberated/hr/mg protein liberated/ml of serum liberated/hr/mg protein
Group 1 28.71 £2.03 128.10 £ 12.80 46.28 £ 6.22 130.95 £6.99
(Control rats)
Group 2 4449 £431™ 15429 +7.91™ 71.99 +7.80"" 170.94 +6.52""

(Cadmium chloride

induced rats)

Group 3 3243+1.727
(Cadmium chloride

induced and

tefroli treated rats)

Group 4 28.32+1.80™8 118.88 +6.59S 46.14 +0.68™ 128.96 +2.19N5
(Tefroli alone

treated rats)

Statistical significance comparison made by Student “T” test.

Groups were compared as follows: Group 2 Vs Group 1; Group 3 Vs Group 2; Group 4 Vs Group 1; *** P<(0.001, ** P<0.01,
* P<0.05, NS = Non Significant

* *

132.64 +£1.66™ 53.93 £2.06" 138.38 £5.09™

Table 3: Activity of alkaline and acid phosphatases in the liver of normal and experimental groups of rats. Values

are expressed as mean *SD for six rats in each group

Acid phosphatase Alkaline phosphtase

n moles of phenol liberated /hr/mg protein n moles of phenol liberated
Experimental group of rats /hr/mg protein
Group 1 498 £1.68 32.45+5.68
(Control rats)
Group 2 8.46 £2.32" 46.89+£2.34"
(Cadmium chloride induced toxic rats)
Group 3
(Cadmium chloride induced toxic and Tefroli treated 5.05+0.58" 41.94+372"
rats)
Group 4 4.68 £0.33"° 30.33 +£2.25™

(Tefroli alone treated rats)

Statistical significance comparison made by Student “T” test.
Groups were compared as follows: Group 2 Vs Group 1; Group 3 Vs Group 2; Group 4 Vs Group 1; ##*P<(0.001, ** P<0.01,
* P<0.05, NS = Non Significance

Vol 2, Issue 6, Apr-Jun, 2006 114



Pharmacognosy Magazine
ISSN: 0973-1296

Figure Ic

Figure 1d
Figure 1: Histological examination of liver tissue section in control and experimental animals (Hematoxylin and eosin 100x).

1a - Section of liver tissue from control rat showing normal architecture

1b - Section of liver tissue from cadmium chloride administered rat showing degenerative changes, hyalinization of muscle fibers

and cellular infiltration.

1c- Section of liver tissue from cadmium chloride administered and Tefroli treated rat reveals less cellular infiltration, normal
muscle fibers and the hepatoprotective effect are evident from reduced liver damage even on cadmium chloride

administration.

1d- Section of liver tissue from Tefroli alone treated rat showing normal architecture similar to Group 1 rats.

Table 3 shows activity of acid phosphatase and alkaline
phosphatase levels in liver tissues. Group 2-cadmium
chloride induced rats showed increased level of acid
phosphatase (P<0.05) and alkaline phosphatase
(P<0.01) when compared to Group 1 control rats.
Group 3 drug treated animals showed near normal
levels of acid phosphatase (P<0.01) and alkaline
phosphatase (P<0.05) when compared to Group 2
cadmium chloride induced rats (P<0.01). Group 4
Tefroli alone-administered rats did not show any
significant change when compared to Group 1 control
rats (NS).

Histopathological observation of hepatic tissue (Fig.1)
showed an extensive necrosis and degenerative
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changes with loss of architecture in Group 2 cadmium
chloride induced toxic rat liver compared to Group 1
control rats. Cadmium chloride induced and Tefroli
treated Group 3 rat liver showed regeneration of
hepatic sinusoids and hepatic cords as compared with
Group 2 hepatotoxic rats. Group 4 Tefroli alone
treated rats showed no morphological changes like
Group 1 control rats.

DISCUSSION

The present experiment was concentrated mainly on
serum bilurubin, serum and liver marker enzymes with
protein and histopathological changes of liver cells. A
significant decrease in protein level both in serum and
liver of cadmium chloride induced toxic rats could be
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due to the transfer of protein to other parts of the
body (31) since liver plays an important role in
synthesis of amino acids and protein. The incorporation
of amino acid to synthesize protein might have been
attacked by cadmium chloride and hence the
decreased protein values were observed(18).
Treatment with Tefroli in Group 3 cadmium chloride
induced rats showed protein values to near normal
levels. The liver cell might have been protected from
cadmium chloride poisoning and further degeneration
of hepatic cells could have been avoided by the active
constituents of the tonic possessing hepatoprotecive
activity (16,17).

Serum bilurubin value is an index of severity of liver
damage. The liver damage may have resulted due to
obstruction induced by cadmium on liver. Novelli et al
also have reported the cadmium-induced
hepatotoxicity in the increased production of serum
bilirubin (32). Tefroli is a polyherbal mixture which is
composed of polyphenols, tannins and alkaloids
derived from six herbs all of which possesses serum
bilurubin reducing effect (33,34,35,36).

Levels of activities of marker enzymes namely alanine
transaminases and aspartate transaminases in serum
and liver were increased due to leakage of enzymes
from the cytosol of liver that might have entered into
the blood stream; hence high levels of activities of
these enzymes were observed. The increased levels of
these enzymes in hepatic damage could be due to
malignant infiltration and cirrhosis of liver. Hence both
the enzymes have been proved to be an excellent
indicator of cadmium chloride induced hepatocellular
necrosis in rats(37). In Group3 rats, the administration
of Tefroli after induction of cadmium chloride
hepatotoxicty showed a significant reduction in the
activity of these enzymes towards normal which might
be due to regeneration of hepatic cells by the active
constituents in the tonic.

The increased enzyme activity of acid phosphatase and
alkali phosphatase in liver of cadmium chloride treated
rats could be due to the damage to the cell membrane
of tissues, where these enzymes are firmly attached to
the cell membrane and the damage releases these
enzymes from the membrane joining the binary
canalicules and the sinusoidal border of parenchyma
cells(38). Treatment with the tonic showed a reversal
of enzyme activity towards normal level, which could
be due to flavanoids, triterpenes, steroids, lignans,
polyphenols, volatile oils, saponins and glycosides as
reported earlier(16,17,18).
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Histopathological observation of liver tissue also
confirmed the hepatotoxic levels of cadmium chloride
which coincides well with the previous report(39). The
study also confirms the curative effect of Tefroli tonic
which causes regeneration of hepatic cells. This may
be due to active principles such as flavanoids,
triterpenes, steroids, lignans, polyphenols, volatile
oils, saponins and glycosides (16,17,18, 40).

The novelty in this experimental study is that the
statistically significant reversibility of the heavy metal
induced toxicity to normal level. Tefroli is commonly
used for treating viral hepatitis as a anti viral agent
(16,17) and with the current knowledge no work yet is
focused on the reversibility of the heavy metal induced
hepatotoxicity by Tefroli drug(18). The present
experimental study has proved Tefroli tonic as a good
hepatoprotecive drug which acts by amelioration of
histological changes and biochemical markers of the
hepatic tissue without any adverse effect, which

merits it to recommend as an excellent
hepatoprotecive drug.

REFERENCES

1. Hu H. Heavy metal poisoning. In: Fauci AS,

Braunwald E, Isselbacher KJ, Wilson JD, Martin JB,
Kasper DL, Hauser SL, Longo DL, eds. Harrison's:
Principles of Internal medicine. Vol 1. 3rd ed.
New York, PA: McGraw-Hill; 2564-73 (1998).

2. F. Williams, R. Robertson, M. Roworth, Detailed
profile of 25 major organic and inorganic
substances, (SCEIH, Glasgow 1999) pp.12-19.

3. D.R. Baldwin and W.J. Marshall. Heavy metal
poisoning and its laboratory investigation. Ann.
Clin. Biochem. 36 (3): 267-300 (1999).

4. M.A. Rodriguez-Gabriel and P. Russell. Distinct
signaling pathways respond to arsenite and
reactive oxygen species in Schizosaccharomyces
pombe. Eukaryot. Cell. 4(8): 1396-402 (2005).

5. S.S. Habeebu, J. Liu and C.D. Klaassen. Cadmium
induced apoptosis in mouse liver. Toxicol. Appl.
Pharmacol.149 (2): 203-9 (1998).

6. L.E. Rikans and T. Yamano. Mechanisms of
cadmium-mediated acute hepatotoxicity- A
Review. J. Biochem. Mol. Toxicol. 14(2): 110-7
(2000).

7. S.J. Stohs, D. Bagchi, E. Hassoun and M. Bagchi.
Oxidative mechanisms in the toxicity of chromium
and cadmium ions. J. Environ. Pathol. Toxicol.
Oncol. 19 (3): 201-13 (2000).

8. |. Bhakta, S. Banerjee, S.C. Mandal, |.K. Maity,
B.P.Saha and M. Pal. Hepatoprotective activity of

116



Pharmacognosy Magazine
ISSN: 0973-1296

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Cassia fistula leaf extract. Phytomed. 8(3): 220-4

(2001).
W. Abebe. Herbal medication: potential for
adverse interactions with analgesic drugs- A
Review. J. Clin. Pharm. Ther. 27(6): 391-401
(2002).
S.0u. Pharmacological action of hesperidin.

Zhong. Yao. Cai. 25(7): 531-3 (2002).

B.E. Wendland. Nutritional guidelines for persons
infected with the hepatitis C virus: a review of the
literature- A Review. Can. J. Diet. Pract. Res.
62(1): 7-15 (2001).

G.A. Ramm and R.G. Ruddell. Hepatotoxicity of
iron overload: mechanisms of iron-induced hepatic
fibrogenesis- A Review. Semin. Liver. Dis. 25(4):
433-49 (2005).

S. Bolkent, R. Yanardag, O. Karabulut Bulan and
0. Ozsoy Sacan. The morphological and
biochemical effects of glibornuride on rat liver in
experimental diabetes. Hum. Exp. Toxicol. 23(5):
257-64 (2004).

M.J. Nunes de Paiva and M.E. Pereira Bastos de
Siqueira. Increased serum bile acids as a possible
biomarker of hepatotoxicity in Brazilian workers
exposed to solvents in car repainting shops.
Biomarkers. 10(6): 456-63 (2005).

C.M. Corns. Herbal remedies and clinical
biochemistry. Ann. Clin. Biochem. 40(5): 489-507
(2003).

J.R. Sankaran. Tefroli in the management of viral
hepatitis (A single blind clinical study). Antiseptic.
77 (11): 643-646 (1980).

J.R. Sankaran - An All India multicentric clinical
survey on a herbal cure - Tefroli for hepatitis.
Journal of the National Integrated Medical
Association. 26 (9): 255-261 (1984 a).

S. Prabhu. Biochemical effect of Tefroli on
cadmium chloride induced rats. M.Phil thesis,
Department of Biochemistry, University of
Madras, Chennai. (October 1995).

D.C. Jain, M.M.Gupta, S.Saxena and S.Kumar. LC
analysis of hepatoprotective diterpenoids from
Andrographis paniculata. J. Pharm. Biomed. Anal.
22(4): 705-9 (2000).

L.C. Chang, C. Gerhauser, L. Song, N.R.
Farnsworth, J.M. Pezzuto and A.D. Kinghorn.
Activity-guided isolation of constituents of
Tephrosia purpurea with the potential to induce
the phase Il enzyme, quinone reductase. J. Nat.
Prod. 60(9): 869-73 (1997).

Vol 2, Issue 6, Apr-Jun, 2006

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

PHCOG MAG.

An official Publication of Phcog.Net

J.B. Calixto, A.R. Santos, V. Cechinel Filho and
R.A. Yunes. A review of the plants of the genus
Phyllanthus: their chemistry, pharmacology, and
therapeutic potential. Med. Res. Rev.18 (4): 225-
58 (1998).

R.K. Geetha and D.M. Vasudevan. Inhibition of
lipid peroxidation by botanical extracts of Ocimum
sanctum - A, In vivo and in vitro studies. Life. Sci.
76 (1): 21- 28 (2004).

B. Singh, A.K. Saxena, B.K. Chandan, S.G. Agarwal
and K.K. Anand. In vivo hepatoprotective activity
of active fraction of ethanolic extract of Eclipta
alba leaves. Ind. J. Physiol. Pharmacol. 45 (4):
435-441 (2001).

Cheng HY, Lin TC, Yu KH, Yang CM, Lin CC.
Antioxidant and free radical scavenging activities

of Terminalia chebula. Biol. Pharm. Bull.
26(9):1331-5 (2003).
G.H. Naika, K.l. Priyadarsini, D.B. Naika, R.

Gangabhagirathib and H. Mohana. Studies on the
aqueous extract of Terminalia chebula as a potent

antioxidant and a probable radioprotector.
Phytomed. 11 (6): 530-38 (2004).

Kokate  CK, Purohit AP, Gokhalae SB.
Phytochemical investigations in  Analytical
pharmacognosy. In: Kokate CK, Purohit AP,

Gokhalae SB, eds. Pharmacognosy. 3rd ed. Pune,
PA: Nirali Prakashan; 105-137 (1995).

O.H. Lowry, N.J. Rosebrough, A.L. Farr and R.J.
Randall. Protein measurement with the folin-
phenol reagent. J. Biol. Chem.193 (1): 265-275
(1951).

H.V. Bergemeyer, E. Bent, Methods of enzymatic
analysis, (Verlag Chemie Wienheim, New York,
1974) pp. 735- 761.

M. Tenniswood, C.E. Bird and A.F. Clark. Acid
phosphatases: androgen dependent markers of rat
prostrate. Can. J. Biochem. 54 (4): 350-57 (1976).
L. J. Johnson. A micro method for the estimation
of serum bilirubin. J. Med. Lab. Technol. 14(3):
164-8 (1957).

H. Kara, F. Karatas, H. Canatan and K. Servi.
Effects of exogenous metallothionein on acute
cadmium toxicity in rats. Biol. Trace. Elem. Res.
104(3): 223-32 (2005).

E.L. Novelli, E.P.Vieira, N.L. Rodrigues and B.O.
Ribas. Risk assessment of cadmium toxicity on
hepatic and renal tissues of rats. Environ. Res.
79(2): 102-5 (1998).

S. Thyagarajan, S. Jayaram, V. Gopalakrishnan, R.
Hari, P. Jeyakumar and M. Sripathi. Herbal

117



Pharmacognosy Magazine
ISSN: 0973-1296

34.

35.

36.

37.

medicines for liver diseases in India. J. Gastroent.
Hepatol. 17 (3): 370-376 (2002).

B. Singh, A.K. Saxena, B.K. Chandan, S.G. Agarwal
and K.K. Anand. In vivo hepatoprotective activity
of active fraction from ethanolic extract of Eclipta
alba leaves, Ind. J. Physiol. Pharmacol. 45(4):
435-41 (2001).

M. K. Sharma, M. Kumar and A. Kumar. Ocimum
sanctum aqueous leaf extract provides protection
against mercury-induced toxicity in Swiss albino
mice. Ind. J. Exp. Biol. 40(9): 1079-82 (2002).

H.S. Lee, N.H. Won, K.H. Kim, H. Lee, W. Jun and
K.W. Lee. Antioxidant effects of aqueous extract
of Terminalia chebula in vivo and in vitro. Biol.
Pharm. Bull. 28(9): 1639-45 (2005).

K.K. Robert, P.W. Michael, L. Peter, L. Ben, S.M.
Robert and S.I. Glenn. Differential Hepatotoxicity

38.

39.

40.

PHCOG MAG.

An official Publication of Phcog.Net

Induced by Cadmium in Fischer 344 and Sprague-
Dawley Rats. Toxicol. Sci. 65 (1): 151-59 (2002).
Gary MW, Michael JL. Alteration of Liver Cell
Function and Proliferation:  Differentiation
between Adaptation and Toxicity. In: Taylor S,
Francis D, eds. Toxicologic Pathology. 2nd ed.
London, PA: Elsevier; 41- (2002).

S. A. Mousa. Expression of adhesion molecules
during cadmium hepatotoxicity. Life. Sci. 75(1):
93-105 (2004).

S. Khandelwal, L.J. Shukla and R. Shanker.
Modulation of acute cadmium toxicity by Emblica
officinalis fruit in rat. Ind. J. Exp. Biol. 40(5):
564-70 (2002).

MILESTONES AND ACHIEVEMENTS - PHCOG.NET - (2004 -2006)

Pharmacognosy Network Worldwide is a non-profit network dedicated to Natural Products
Research in order to develop promising drugs.

Phcog.net was started on July 6, 2004

Development and launch of Website - www.phcog.net
Initiation of Discussion forum - http://groups.yahoo.com/group/phcog/

Started a forum - www.phcog.net/forum.php

Started a New Online peer reviewed magazine - Pharmacognosy Magazine (PHCOG MAG).
Editorial team was finalized for the term of three years (2004-2007).

Release of four issues in 2005.

Project Phcog Refbase started in the month of May 2005.

Release of 6™ issue in April 2006.
Print version of Pharmacognosy Magazine

Knowledge base section - http://www.phcog.net/knowledge

Online web based manuscript handling system - http://www.phcogmag.com
First issue of Phcog E -news - http://www.phcog.net/bulletin

Phcog.Net Careers - http://www,phcog.net/careers

Phcog.Net Global Activities - http://www.phcog.net/global

Vol 2, Issue 6, Apr-Jun, 2006

Courtesy — Phcog Mag.

118



