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Abstract: The study was planed to evaluate the effect of Echinacea (E.) on liver toxicity in rats treated with
Cyproterone Acetate (CA). Rats were divided into 5 groups treated for 2 and 4 weeks, 1-control 2- Echinacea
(63 mg/kg/day), 3-CA (25 mgkg/day), 4-E.+CA and 5-F. for 1 week before E.A+CA. All treatments were
administered via an oral tube with the same mentioned doses. Rats treated with CA or E+CA exhibited a
significant increase in liver gamma glutamyl transpeptidase and malondialdehyde as compared with the control
group. A marked decrease was recorded in all treated groups i comparison with the control with respect to
glutathione peroxidase and superoxide dismutase. All treatments caused an increase in serum [GG and IGM
in comparison with the control value. WBCs showed an increase after E. and CA treatment. While RBCs count
and heamatocrit value showed a sigmficant decrease in CA and E+CA treated rats in comparison with the
control after four weeks of treatment. These data suggested that, E. possesses a protective effect on the liver
against the CA toxicity by increasing auto immunity and blood picture components. Also the E. antioxidant

properties exerted counteracting effects on the CA induced oxidative stress.
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INTRODUCTION

The most serious potential side effect of Cyproterone
Acetate (CA), a synthetic steroid, with potent
progestational  and entiandrogemic actions, 15 liver
toxicity and patients should be monitored for
changes in liver enzymes, especially if taking a high
dose (200-300 mg day ") (Watanabe et al, 1994,
Rudiger et al., 1995, Savidou et al., 2006; Miquel et al.,
2007). There 13 evidence of liver tumor development in
pre-market rodent studies (Brambilla and Martelli, 2002).
Toxicity is dose-dependent and the low doses used in
birth control pills (2 mg) do not appear to represent a
significant risk (Seaman et al, 2003; Franks et al,
2008).

Echinacea sp. roots were originally used by North
American Indians to treat a variety of mfections and
wounds. In the late 1800s, these FEchinacea
preparations became popular as remedies for the common
cold (Simasek and Blandino, 2007) and rhinovirus
infection (Barrett et al, 2006). There has been renewed
interest in Echinacea in the United States since the
passage of the Dietary Supplement Health and Education
Act in 1994 liberalized the regulation of herbal medicines
(Turner et al., 2005). Echinacea roots and derivatives are
a good sowrce of natural antioxidants and could be used
to  prevent free-radical-induced deleterious effects
(Pellati et al, 2004; Dalby-Brown et al, 2005). The
objective of this study was to investigate if the used of

Echinacea with cyproterone acetate or before it, would
decrease or prevent the most series side effects of
cyproterone acetate on liver through its protective effect.

MATERIALS AND METHODS

Experimental animals: This study was cammed out in
Zoology Department, University College for Women,
Arts, Science and Education, Ain Shams University, on
adult male albino rats (Wister strain). Eighty five animals
were obtained from the animal house of National
Orgamzation for Drug Control and Research (NODCAR).
Their weights were (130.2+18.5 g). Male rats were housed
in iron mesh cages, each cage contained six rats. Animals
were kept under controlled temperature of 21+2°C and
12 h light/12 h dark cycle throughout the experiment. A
commercial pelleted diet was used during the experiment.
The animals were allowed to adapt to the laboratory
conditions for two weeks before the beginmung of the
experiment.

Drugs: Cyproterone acetate (C,,H,,C10,) was supplied by
Schering, Germany as tablets each containing 50 mg.
a progestogen with anti-
properties  and

Cyproterone acetate 1s
androgenic and anti-steroidogenic
Echinacea was supplied by MEPACQO, Egypt as capsules

each containing 175 mg from herb dray extract.
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Experimental design: The animals were divided into five
main groups each one contained 12 rats as follows:
(1)-control group, which received 0.1 mL/100 g b.wt.
of 0.5 g/100 mL carboxy-methyl cellulose sodium salt
CMC/day (2)-Echinacea group received 63 mgkg/day
(suspended in CMC). (3)-CA group, which received
25 mg/kg/day (D)-Echinacea+CA group which received
63 mg kg Echinacea+25 mg kg~ CA/day) and (5)-
Echinacea WHCA group which received 63 mg kg™
Echinacea/day  for 1 week before 63 mg kg™
Echinacea+25 mg kg™' CA/day. All groups were treated
for either two or four consecutive weeks from the
beginning of the experiment as an oral supplementation.
These doses are used as a pharmacological dose
calculated from the human equivalent dose according to
(Guidance for Industry and Reviewers, 2002). The groups
treated with EchinaceatCyproterone acetate received
cyproterone acetate first followed by Echinacea after
3.5 h. The peak plasma concentration of CA 13 bemg
achieved m 3 to 4 h from the gastromtestinal tract
(Sweetman, 2005).

Biochemical samples under investigation and
biochemical analysis: Body weight of the rats recorded
weekly throughout the duration of the experiment.
Following the completion of the experiments, the rats
sacrificed after 12 h from the last dose by rapid
decapitation. Blood samples collected mn glass tubes and
centrifuged for serum separation. Liver dissected out,
cleaned and weighed. A tissue portion homogenized in
saline contaiming sodium chloride for the determination of
superoxide dismutase (SOD) according to Minami and
Yoshikawa (1979), glutathione peroxidase (GPX) by the
method of Gross et af. (1967) and gamma glutamyl-
transpeptidase (GGT) according to Persijn and Van
der Slik (1976) and Schumann and Klauke (2003).
Malondialdehyde  (MDA)  was determined by
Karatas et al. (2002) in tissue homogenized in 75%
methanol HPLC grade. The homogenizer placed on ice to
avold the impact of over heating on the enzyme activities.
Blood picture was determined using an automated
hematologic blood counting system (Coulter Counter;
Coulter Electronics Inc, Abacus) using heparinised blood
and serum 1GG and IGM was determined by using radial
immune-diffusion plates specific for rats (The Binding Site
Ltd, Birmingham, UK), which contained anti-serum
specific to the antigen The recommended amount of
serum was put into the wells of plates and incubated for
72-96 h at room temperature. The diameter of the
precipitation ring was
concentrations of Igs were determined by using standard
calibration curve (end point method).

then measured and the

Statistical analysis: Reported  values represent
MeantSE. Statistical analysis was evaluated by one-way
ANOVA. Once a significant F test was obtained, LSD
comparisons were performed to assess the significance of
differences among various treatment groups. Statistical
Processor System Support SPSS for Windows software,

Release 10.0 (SPSS3, Chicago,IL) was used.
RESULTS AND DISCUSSION

The body weight (g) in all the experimental animal
groups significantly decreased (p<i0.05) throughout the
experimental period as compared to the control group from
(179.83+4.1)10(143.8+4.6) inCA, (146.5845.99) in EA+CA,
(150.3643.7) m E. W+CA and (158.1643.5) in E. treated
groups at the end of the experiment as represented in
Fig. 1. Tt can be shown from Fig. 2 that, the liver weight (g)
showed a numerical, but not statistically significant
change m E. (6.4240.40 and 6.1640.34), CA (6.7+0.36 and
6.1940.14), EACA (5.9540.11 and 6.2740.25) and E. WHCA
(6.2540.26 and 6.77+£0.31) groups as compared to the
control (6.33+0.13 and 6.40+0.44) after two and four weeks,
respectively. Liver/ body weight ratio in Fig. 3 showed a
nonsigmficant decrease mn F. treated rats (3.83+0.26) and
a significant increase in CA (4.5710.18), EA+CA(4.5710.18)
and E. WHCA(4.9420.24) groups after two weeks of
treatment as compared to the control (3.84+0.13) at
(p<0.05). After four weeks, rats treated with £. showed a
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Fig. 1: Percentage of change in body weight gain of rats
treated for four weeks
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Fig. 2: Percentage of change m liver weight of treated rats

2465



FPak. J. Biol. Sci,, 11 (21): 2464-2471, 2008

—e—ECH
409 —=—CA
—4—ECH+CA

g(s) 1 = ECHJrV

Percentage of the change from the control
BN
S &

Fig. 3: Percentage of change in relative liver weight of

treated rats
E —— ECH
—-— CA
—a— ECEHCA
g 1g-| ——ECH+W+CA o
w -10 :
_g’ -20
o =30
'g 40 /
o -50
g 60 Week 2 Weck 4
Fig. 4: Percentage of change in liver superoxide
dismutase SOD of treated rats
E —— ECH
—a— CA
8 g —— ECHCA
—— ECH+WHCA
E 10:| -~ o
0 " —
-10
20
=30
4 4
B 50
o —
) Woek 2 Week 4
Fig. 5: Percentage of change m liver glutathione

peroxidase GPX of treated rats

non significant increase (3.914+0.24) in liver/ body weight
ratio as compared to the control (3.56+0.17). While, all the
CA treated groups exlubited a sigmificant increase
(4.40£0.19)InCA, (4.3120.19) in £ +CAand (4.7940.21) in
E. WHCA in liver/ body weight ratio as compared to the
control at p<0.05.

Data in Fig. 4showed that liver SOD activity
(ug g~ wet tissue) exhibited a significant decrease
(p<0.03) in CA treated groups of rats (156.7£10.3 and
226.1+7.5 at two and four weeks, respectively). However,
SOD activity represented a nonsignificant increase in
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Fig. 6: Percentage of change in
MDA of treated rats

liver malondialdhyde

E.(302.39+19.2and 338.81+10.7), EACA (3063+3.0 and
295.244.3) and E. WHCA (290.83+4.2 and 311.3410.7)
groups as compared to the control (307.4+12.4 and
317.943.8) throughout the experimental period. As
shown in Fig. 5, the liver GPX (mg g~ wet tissue) activity
exhibited a significant decrease (p<t0.05) in CA (62.516.7
and 76.746.4) and EA+CA (93.04+7.0 and 155.9548.9) at two
and four weeks respectively as compared to the control
(175.542.6 and 175.44+7.7). An msignificant ncrease
was noticed inE. treated rats (189.7449.2 and 183.064+5.3),
while a nonsigmficant decrease was found in £. W+CA
(174.9943.8 and 162.01+4.2) as compared to the control at
two and four weeks, respectively.

The results depicted in Fig. 6 showed that liver
malondialdhyde (MDA) content (n mol g~ wet tissue)
exhibited a nonsignificant increase in £. (122.1£8.0) and
E. WHCA (122.8+12.8) treated rats after two weeks
followed by significant decrease in E. (48.246.0) and a
significant elevation m E. W+CA (160.448.0) after four
weeks of treatment. Whereas, CA (1853+11.6 and
195.346.4) and E.4+CA (142.748.9 and 179+11.1) groups
exhibited a significant increase in the liver MDA content
compared to the control (113.242.6 and 118.448.2) value
after two and four weeks, respectively. The liver GGT
activity (U g wet tissue) increased significantly (p<0.05)
in CA (117.244.0 and 123.246.4), EACA (74.1+4.8 and
73.143.0) and EEW+CA (72.143.0 and 64.0+4.1) treated
groups as compared to the control group (45.84+4.3 and
44,441 .4). In addition, FE. treatments induced a
nonsignificant increase (51.947.5 and 41.842.3) in GGT
activity in comparison with the control group after 2 or 4
weeks of treatment respectively as shown in Fig. 7.

It 1s clear from Fig. 8 that there was a sigmuficant
increase in Serum IGG (ng dLL7™Y) in E. (935.3£8.95 and
981410.96), CA (963.74239 and 940+25.6), E.+CA
(957.7424.3 and 956.7413.4) and E. W+HCA (980+25.6
and 960.7+21.5) as compared to the control (703+10.6
and 682+21.0) after two and four weeks respectively
at p<0.05. The data m Fig. 9 indicated that Serum
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Fig. 7. Percentage of change in liver gamma glutamyl
transpeptidase GGT of treated rats
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Fig. 9: Percentage of change in serum IGM of treated rats

IGM  level (ng dL™") at two weeks of treatment
showed a significant increase in CA (226.326.0) and
EACA (236.74£15.6) treated groups. A numerical decrease
was noticed in E. (179+6.6) and a non-sigmficant increase
in E. WH+CA (193.74£2.4) in comparison with the control
(180.245.3). At four weeks of treatment, there was a
significant increase in Serum [GM level nZ. (211+4.0), CA
(230.7£3.8), E+CA (245741 4.0)and E. WHCA (233.7£16.7)
in comparison with the control (172.7+7.2).

Figure 10 revealed that, white blood cells (WBCs)
count (nx10") showed a non-significant decrease in E.
treated rats (4.8£0.15), while an insignificant increase was
recorded i CA (6.240.86) and EACA (5.9+0.40) rats as
compared to the control (4.9+0.12) after two weeks of
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Fig. 10: Percentage of change m white blood cell count
WBCS of treated rats
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Fig. 12: Percentage of change in hemoglobin Hb of
treated rats

treatment. Rats treated with E. W+CA extubited a
significant 1increase m WBCs count (6.3+0.29) as
compared to the control after two weeks of treatment at
p<0.05. After four weeks of treatment, a sigmficant
increase was noticed in WBCs count in E. (8.3+0.62), CA
(12.520.79), EA+CA (17.6£0.22)and E. WHCA (7.6+£0.28)in
comparison with the control (4.4+0.18). It is evident from
Fig. 11 that, at two weeks of treatments, an insignificant
elevation was found in red blood cells RBCs count (nx10°%)
inE. (7.840.52), CA (8.1+£0.12), E+CA (7.940.03)and a
significant decrease in £. WHCA (6.8+0.39) as compared
to the control (7.740.16) at p<0.05. at four weeks of
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Fig. 13: Percentage of change in hematocrit Ht value of
treated rats

treatment, rats treated with E. exhibited an insignificant
decrease (6.9+0.33) in RBCs count and an insignificant
mcrease i E. WHCA (8.2+0.17), while a significant
decrease was found in CA (6.3+0.13) and FA4CA (6.4+0.06)
as compared to the control (7.6+0.35) at p<0.05.

Data analysis in Fig. 12 revealed that hemoglobin
(Hb) content {g dI.™') insignificantly increased in E.
(13.520.18 and 13.220.07) and E. W+CA (13.2£0.33 and
13.440.19) treated rats, while an insignificant decrease was
recorded in E.4CA (12.320.38 and 12.5£0.43) groups as
compared to the control group (12.940.11 and 13.0+£0.29)
after two and four weeks, respectively. Hb content
showed a significant reduction in CA treated rats
(11.94+0.37 and 11.640.41) as compared to the control
group (12.9+0.11 and 13.0+0.29) after two and four weeks,
respectively. The observed data i1 Fig. 13 revealed that at
two weeks of treatments, an insignificant elevation was
found in hematocrit Ht in E. (40.4+0.7), CA (38.240.3),
EA4+CA (39.6+0.5) and a sigmficant decrease m E. W+CA
(35.4+2.1) as compared to the control (39.6+0.9) at p<<0.05.
at four weeks of treatment, rats treated with F. exhibited
an insignificant decrease (37.8+0.7) in Hb content and a
significant increase in E. WHCA (42.940.5), while a
signficant decrease was found m CA (32.1+0.5) and
E.A+CA (33.1+0.2) as compared to the control (39.0+0.5) at
p<0.05.

In the present study, Echinacea has a positive effect
on body weight gain after four weeks of treatment. These
results may be due to the antiandrogenic effect of the
preparations of Echinacea purpurea it is possible to ¢laim
that it is associated with the vegetative sterols like
sitosterol, campesterol, stigmasterol (Skaudickas et al.,
2004). The chemical structure of these compounds is very
similar to cholesterol. In the digestive duct vegetative
sterols reduce the absorption of cholesterol, creating a
certain competition between sterols and cholesterols. The
synthesis of testosterone cholesterol, which 15 converted

into pregnenoclone, is vital. From it by a progesteronic or
dehydroepiandrosteronic methods testosterone i1s being
synthesized (Mukai et al., 2006), therefore, with the
decrease effect of cholesterol the concentration of
testosterone 1 blood decreases. Treatment with CA alone
or with Echinacea caused a significant reduction of body
weight, the effect of CA on body weight was explained by
Hansson et al. (1991) through the lipolytic axis and CA
induced a significant reduction of lipid parameters. All the
CA treatments induced an increase in liver body weight
ratio as compared to the control after four weeks of
treatment, this increment may explained in rats treated by
CA, EchinaceatCA or Echinacea W+CA by the liver
toxicity of cyproterone acetate. Increased relative liver
weight to more than 10% with evidence of hepatotoxicity
from increasing GGT enzyme m CA treated rats. The
wnsignificant change in liver weight with significant
reduction in body weight and liver body weight ratio 1s an
indicator on liver cell proliferation m all CA treated groups
(Wolff et al., 2001).

The antioxidant activity of Echiracea was evaluated
by many different studies. The mechanism of antioxidant
activity of Echiracea root extract included free radical
scavenging and transition metal chelating (Hu and Kitts,
2000). In Mishima et al. (2004) study, they assumed that
SOD activity m peripheral blood was increased because
of antioxidants such as echinacocide and caffeine acid in
E. purpurea which elimmate superoxide (O,) by a free
radical scavenging effect. Supporting the antioxidant
activity of E. purpurea. In addition Pellati et al. (2004)
indicate that F. roots and derivatives are a good source of
natural antioxidants and could be used to prevent free-
radical-induced deleterious effects. These results are
agreed with the results in this study, treatment with
Echinacea caused a significant reduction in MDA in liver
and an insignificant change in SOD. There is a statistically
significantly greater antioxidative activity of Echinacea
tincture compared to that of Ginkge or Ginseng tinctures
(Masteikova et al, 2007) and they concluded that
antioxidative activity was determined not only by phenol
compounds of E., but also by a complex of other
components of medicinal raw material.

In this study cyproterone acetate caused a sigmuficant
increase in liver GGT accompanied with significant
decrease in liver antioxidants (SOD and GPX). These
results were improved by co-treatment with Echinacea.
The hepatotoxicity and hepato-carcinogenic activity of
test substances were assessed by the status of gamma-
glutamyl transferase (GGT) enzyme. This enzyme is widely
used as a biomarker in preneoplastic lesions of the liver
during chemical carcinogenesis (Vodela and Dalvi, 1997).
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The metabolism of GSH initiated by GGT may lead to
oxidative damage (Stark et al., 1993, 1994). Such oxidative
damage may be induced ir vivo by GSH m proximity to
(GGT-rich preneoplastic foci i rat liver. The reduction of
metal ions by extracellular GSH catabolites is capable of
inducing the redox cycling processes, leading to the
production of reactive oxygen species and other free
radicals (Domimeci et @l., 2005). Through the action of
these reactive compounds, cell membrane GGT activity
can ultimately produce oxidative modifications on a
variety of molecular targets, mvolving oxidation and/or
S-thiolation of protein thiol groups m the first place.
Increased lipid peroxidation by production of radicals
after reperfusion caused the liver cell damage and liver
glutathione peroxidase (GPX) activity was significantly
decreased and its location altered i the damaged liver
(Katayama et al., 1997). They findings suggested that
GPX contributes significantly to the protection against
hepatic reperfusion mjuries.

Antioxidants, in general, are free radical scavengers
that suppress the formation of ROS and/or oppose their
actions. Superoxide dismutase (SOD) and glutathione
peroxidase are well-known biological antioxidants that
convert superoxide (O,7) and peroxide (H,0,) radicals to
form O, and H,O. SOD protects against spontaneous O,
toxicity and lipid peroxidation. GGT is the key enzyme that
mitiates the metabolism and turnover of glutathione. The
metabolic function of this cell swface glycoprotemn 1s
believed to protect the plasma membrane against oxidant
stress and to enable the transfer of glutathione between
cells and tissues. GGT 1s most abundant in epithelial cells
and their secretions, inasmuch as these cells line surfaces
that are directly exposed to environmental oxidants
(Chang-Jean et af, 2002). GSH 15 essential for the
activation of T-lymphocytes and polymorphonuclear
leukocytes as well as for cytokine production and
therefore for mounting successful immune responses
when the host is immunologically challenged
(Townsend et al., 2003). These results are m the same
trend of the results in this study as, CA caused an
increase in liver GGT accompamed by increase in MDA,
IGG, IGM and blood cells and a decrease i liver SOD and
GPX.

In the present study, CA treatment alone or combmed
with Echinacea induced an increase in serum IgG and
TgM. The effects of steroid hormones upon cytokine
production are suggested to be mediated by the nuclear
factor-kB (NF-kB). This 1s an nducible transcription factor
that positively regulates the expression of pro-immune
and pro-inflammatory genes. Tt has been shown that the
steroid/receptor complex can physically mteract with
NF-kB  and inhibits 1its transactivational activity

(McKay and Cidlowski, 1999). Via this mechamsm
estrogens, progesterone and testosterone can inhibit
pro-mflammatory cytokine expression in immune cells
expressing the respective receptor. The mechamism by
which steroid binding with membrane receptors affect
immune cell fimction remains obscure. A proposed
explanation by their lipophilic nature, sex steroids can
integrate into the membrane and alter membrane
properties, such as fluidity and thereby changing the
function of the immune cells (Lamche et al., 1990). Also,
increasing serum IgG and TgM in CA treated groups may
be related with increasing liver GGT activity which
increasing intracellular glutathione leading to activation
of T lymphoceytes in white blood cells. Elevated serum
IgG and IgM was recogmzed in liver diseases
(Gonzalez-Quintela et al., 2003).

Moreover, E. admimstration for six weeks mcreased
IgG production 1n the early to middle term in rats
(Rehman et al, 1999). He stated that Echinacea may
enhance immune function by increasing antigen specific
immunoglobulin  production.  Also, i
hemoglobin and hematocrit that seemed to be dependent
on the antiandrogenic activity of CA and that would
certainly decrease the acceptability of such a regimen
(Meriggiola et al., 1996, 1998, 2002, 2003). In the present
results CA induced a sigmificant decrease in hemoglobin
and hematocrit and this reduction was improved by using
treatment with Echinacea+CA. this improvement may be
due to improvement of hemoglobin levels and mumber of
erythrocytes by Echinacea treatment (O'Neill ef af., 2002).
On the other hand cichoric acid and echinacin in
E. purpurea activate macrophages (Goel et al., 2002).
The early increased i the leukocyte count in our
study appears to  be due to the ability of
polysaccharides and echinacocide to increase the number
of leukocytes and the ability of cichoric acid and
echinacin to activate macrophages and to stimulate

a decrease in

bone marrow and the reformation of hematopoietic stem
cells. So, Echinacea may mvoke an immune response
through altered expression of 70 kilodalton heat shock
proteins (hsp70) and mcreased white blood
(Agnew et al., 2005).

cells

CONCLUSION

Echinacea possesses a protective effect on the liver
against the CA toxicity by increasing auto immunity and
blood picture components. Also the
antioxidant properties exerted counteracting effects on the
CA imduced oxidative stress. So, treatment with
Echinacea+CA may help in liver protection.

Echinacea

2469



FPak. J. Biol. Sci,, 11 (21): 2464-2471, 2008

REFERENCES

Agnew, L.L., S.P. Guffogg, A. Matthias, R.P. Lehmann,
K .M. Bone and K. Watsor, 2005. Echinacea intake

response through altered
expression of leucocyte hsp70, increased white cell
counts and improved erythrocyte antioxidant
defenses. J. Clin. Pharm. Ther., 30: 363-369.

Barrett, B, R. Brown, R. Voland, R. Maberry and
R. Turner, 2006. Relations among questionnaire and
laboratory measures of rthinovirus infection. Eur.
Respir. T., 28: 358-363.

Brambilla, G. and M. Martell;, 2002. Are some
progestins genotoxic liver carcinogens?. Mutat. Res.,
512:155-163.

Dalby-Brown, L., H. Barsett, A K. Landbo, A.S. Meyer
and P. Melgaard, 2005. Synergistic antioxidative
effects of alkamides, caffeic acid derivatives and
polysaccharide fractions from Echinacea purpurea
on in vitro oxidation of human low density
lipoproteins. J. Agric. Food Chem., 53: 9413-9423.

Dominici, S., A. Paolicchi, A. Corti, E. Maellaro and
A. Pompella, 2005. Prooxidant reactions promoted by
soluble and cell-bound gamma-glutamyltransferase
activity. Methods Enzymol., 401: 484-501.

Franks, 5., A. Layton and A. Glasier, 2008. Cyproterone
acetate/ethinyl estradiol
Time to revise prescribing policy. Hum. Reprod.,
23: 231-232.

Goel, V., C. Chang, I.V. Slama, R. Barton, R. Bauer,
R. Gahler and T.K. Basu, 2002. Alkylamides of

purpurea stimulate

macrophage function in

induces an immune

for acne and hirsutism:

Echinacea alveolar

normal rats. Int.
Immunopharmacol., 2: 381-387.

Gonzalez-Quintela, A, MR. Alende, R. Gamallo,
P. Gonzalez-Gil and S. Lopez-Ben et al, 2003. Serum
mmunoglobuling (IgG, IgA, TgM) in chronic hepatitis
C. A comparison with non-cithotic alcoholic liver
disease. Hepato-Gastroenterol., 50: 2121-2126.

Gross, R.T., R. Bracci, N. Rudolph, E. Schroeder and
T.A. Kochen, 1967. Hydrogen peroxide toxicity and
detoxification in the erythrocytes of newborn mfants.
Bloed, 29: 481-493.

Guidance for Industry and Reviewers, 2002, Estimating
the safe starting dose in clinical trials for therapeutics
in adult healthy volunteers. Food and Drug
Administration.

Hansson, P., D. Saggerson and P. Nilsson-Ehle, 1991, Sex
difference in triglyceride/fatty acid substrate cycling
of rat adipose tissue: indiwect regulation by
androgens. Horm Metab. Res., 23: 465-468.

Hu, C. and D.D. Kitts, 2000. Studies on the antioxidant
activity of Echinacea root extract. J. Agric. Food
Chem., 48: 1466-1472.

Jean, I.C., Y. Liu, L.A. Brown, R.E. Marc, E. Klings and
M. Joyce-Brady, 2002, ?-Glutamyl transferase
deficiency results 1 lung oxidant stress in
normoxia. Am. J. Physiol. Lung Cell Mol. Physiol.,
283: L766-1L.776.

Karatas, F., M. Karatepe and A. Baysar, 2002.
Determination of free malondialdehyde in human
serum by high performance liquid chromatography.
Anal. Biochem., 311: 76-79.

Katayama, T., S. Yokoyama, T. Mitomi and K. Watanabe,
1997. Alterations in glutathione peroxidase activity
following reperfusion ijury to rat liver. Tokai J. Exp.
Clin. Med., 22: 33-44.

Lamche, HR., P.T. Silberstein, A.C. Knabe, D.D. Thomas,
H.S. Jacob and D .E. Hammerschmidt, 1990. Steroids
decrease granulocyte membrane fluidity, while
phorbol ester increases membrane fluidity. Studies
using electron paramagnetic
Inflammation, 14: 61-70.

Masteikova, R., T Muselik, J. Bernatoniene and
R. Bernatoniene, 2007. Antioxidative activity of
Ginkgo, Echinacea and Ginseng tinctures. Medicina
(Kaunas), 43: 306-309.

McKay, LI and I.A. Cidlowski, 1999. Molecular control
of immune/mflammatory responses: Interactions

resonance.

between nuclear factor-kappa B and steroid receptor-
signaling pathways. Endocr. Rev., 20: 435-459.

Meriggiola, M.C., WJ. Bremner, CA. Paulsen,
A. Valdiserri and L. Incorvaia et al, 1996. A
combined regimen of cyproterone acetate and

a potentially highly
effective male contraceptive. J. Clin. Endocrinol.
Metab., 81: 3018-3023,

Meriggiola, M.C., W.J. Bremner, A. Costantino,
G. D1 Cintio and C. Flamigni, 1998. Low dose of
cyproterone acetate and testosterone enanthate for
contraception n men. Hum. Reprod., 13: 1225-1229.

Meriggiola, M.C., A. Costantino, W.J. Bremner and
A M. Morselli-Labate, 2002. Higher testosterone
dose impairs sperm suppression induced by a

testosterone enanthate as

combined androgen-progestin regimen. J. Androl.,
23: 684-690.

Meriggiola, M.C., A. Costantino, 5. Cerpolini,
W.J. Bremner and D. Huebler et al, 2003.
Testosterone undecanoate maintaing spermatogenic
suppression induced by cyproterone acetate plus
testosterone undecanocate mn normal men. J. Clin.
Endocrinol. Metab., 88: 5818-5826.

2470



FPak. J. Biol. Sci,, 11 (21): 2464-2471, 2008

Minami, M. and H. Yoshikawa, 1979. A simplified assay
method of superoxide dismutase activity for clinical
use. Clin. Chim. Acta, 92: 337-342.

Miquel, M., A. Soler, A. Vaqué, I. Ojangurern, J. Costa and
R. Planas, 2007. Suspected cross-hepatotoxicity
of flutamide and cyproterone acetate. Liver Int.,
27:1144-1147.

Mishima, 8., K. Saite, H Maruyama, M. Inoue,
T. Yamashita, T. Ishida and Y. Gu, 2004. Antioxidant
and mmmuno-enhancing effects of FHcehinacea
purpurea. Biol. Pharm. Bull., 27: 1004-1009.

Mukai, H., T. Tsurugizawa, M. Ogiue-Ikeda, G. Murakami
and Y. Hojo et al, 2006. Local neurosteroid
production in the hippocampus: Influence on
synaptic plasticity of memory. Newoendocrinology,
84: 255-263.

OMNeill, W, S. McKee and AF. Clarke, 2002.
Immunological and haematinic consequences of
feeding a standardised FEchinacea (Fchinacea
angustifolia) extract to healthy horses. Equine Vet.
I, 34:222-227.

Pellati, F., S. Benvenuti, L. Magro, M. Melegari and
F. Soragni, 2004, Analysis of phenolic compounds
and radical scavenging activity of Hchinacea spp.
T. Pharm. Biomed. Anal., 35: 289-301.

Persyn, I.P. and W. Van der Slik, 1976. A new methed for
the determination of gamma-glutamyltransferase in
serurn. J. Clin. Chem. Clin. Biochem., 14: 421-427.

Rehman, T., .M. Dillow, S.M. Carter, J. Chou, B. Le and
ALS. Maisel, 1999. Increased production of antigen-
specific immunoglobuling G and M following i vive
treatment with the medicinal plants Echiracea
angustifolia and Hydrastis canadensis. Tmmunol.
Lett., 68: 391-395.

Ridiger, T, J. Beckmann and W. Queisser, 1995.
Hepatocellular carcinoma after treatment with
cyproterone acetate combined with ethinyloestradiol.
Lancet, 345 452-453.

Savidou, I., M. Deutsch, A.S. Soultati, D. Koudouras,
G. Kafin and S.P. Dourakis, 2006. Hepatotoxicity
induced by cyproterone acetate: A report of three
cases. World I. Gastroenterol., 12: 7551-7555.

Schumann, G. and R. Klauke, 2003. New IFCC reference
procedures for the determination of catalytic activity
concentrations of five enzymes in serum: Preliminary
upper reference limits obtamed in hospitalized
subjects. Clin. Chim. Acta, 327: 69-79.

Seaman, H.E., C.5. De Vries and R.D. Farmer, 2003. The
rnisk of liver disorders in women prescribed
cyproterone  acetate  in  combination  with
ethinyloestradiol (Dianette): A nested case-control
study using the GPRD. Pharmacoepidemiol. Drug
Saf., 12: 541-550.

Simasek, M. and D.A. Blandino, 2007. Treatment of the
common cold. Am. Fam. Physician., 75: 515-520.

Skaudickas, D., A.J. Kondrotas, K. Baltrusaitis and
G. Vaitiekaitis, 2004. Effect of Echinacea purpurea
extract on sexual glands of male rats. Medicina,
40: 1211-1218.

Stark, A A., E. Zeiger and D. A, Pagano, 1993, Glutathione
metabolism by gamma-glutamyltranspeptidase leads
to lipid peroxidation: Characterization of the system
and relevance to hepatocarcinogenesis.
Carcinogenesis, 14: 183-189.

Stark, AA., I.]. Russell, R. Langenbach, D.A. Pagano,
E. Zeiger and E. Huberman, 1994. Localization of
oxidative damage by a glutathione-gamma-glutamyl
transpeptidase system in preneoplastic lesions in
sections of livers from carcinogen-treated rats.
Carcinogenesis, 15: 343-348.

Sweetmar, 5.C., 2005. Martindale, The Complete Drug
Reference. 34th Edn., Pharmaceutical Press, Chicago,
Londoen, pp: 1544.

Townsend, D.M., K.D. Tew and H. Tapiero, 2003. The
mportance of glutathione in human disease. Biomed.
Pharmacother., 57: 145-155.

Turner, R.B., R. Bauer, K. Woelkart, T.C. Hulsey and
ID. Gangemi, 2005. An evaluation of echinacea
angustifolia in experimental rhinovirus infections.
N. Engl. T. Med., 353: 341-348.

Vodela, ] K. and R.R. Dalvi, 1997. Effect of chlorpyrifos on
hepatic =~ gamma-glutamyl transferase, serum
cholinesterase and xenobiotic metabolizing
enzyme activities in rats. Bull. Environ. Contam.
Toxicol., 59: 796-801.

Watanabe, S., S. Yamasaki, A. Tanae, I. Hibi and
T. Honna, 1994. Three cases of hepatocellular
carcinoma among cyproterone Lancet,
344: 1567-1568.

Wolff, T., J. Topinka, E. Deml, D. Qesterle and
L.R. Schwarz, 2001. Dose dependent mduction of
DNA adducts, gene mutations and cell proliferation
by the antiandrogemc drug cyproterone acetate in rat
liver. Adv. Exp. Med. Biol., 500: 687-696.

Users.

2471



	PJBS.pdf
	Page 1


