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ABSTRACT

A catechin, EGCG, was studied for its antigenotoxic effect on CAs and
SCEs induced in human lymphocytes by androgenic steroids, Stanozolol
and Trenbolone. The steroidsinduced CAsand SCEs at 40 and 60pM and
EGCG wasused at 20 and 30 uM aong with both steroids separately. EGCG
was found to reduce significantly the genotoxicity caused by both ste-
roids, with and without metabolic activation, but the antigenotoxic poten-
tial of EGCG was higher in the presence of metabolic activation system.
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INTRODUCTION

Epigdlocatechin-3-galate (EGCG), acompound
closely related to Epicatechin gallate (ECG), isacat-
echin and polyphenolic antioxidant plant metabolite
foundin abundanceinvarioustypesof tea, derived from
theteaplant Camelliasinensig¥. It helps protect the
skinfrom ultraviol et radiation-induced genotoxic dam-
age and tumor formation?. Stanozol ol isasynthetic
geroid smilartothenaturaly occurringandrogen caled
testosterone. It isused in the treatment of many disor-
derssuch asanemiaand hereditary angioedema?. Ath-
letes and bodybuilders commonly usethisanabolic ste-
roid for performance enhancement!®. Its large ora
bioavailability isdueto aC17 a pha-akylation prin-
ciplewhich dlowsthehormoneto survivethefirst pass
through liver metabolism. At high dosage, stanozolol
could exert aproliferativeeffect onliver cell®. Preco-
cious prostate cancer has been reported after along
term steroid abuse’®. Hepatic cancer has also been
linked to anabolic steroidal abuse™. Trenboloneisa
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synthetic steroid used frequently by veterinarianson
livestock asapromoter of growthinanima husbandry®.
Trenbol one compounds have not yet been approved
by the Food and Drug Administration, USA for use of
humansdueto their considerable negative sde effects,
athough bodybuildersusethedrugillegdlytoincrease
body massand strength. Cases of prostate and hepatic
cancers have been associated with long term anabolic
steroid abusg® 7. Trenbol one compoundsincreaseni-
trogen uptake by muscles after metabolization, leading
to increased rate of protein synthesig¥. EGCG was
studiedfor itspossible antigenotoxic effect onthe CAs
and SCEsinduced by Stanozolol and Trenbolone, in
the presenceaswe | asabsence of metabolic activation
systemin human lymphocytesinvitro.

EXPERIMENTAL

Chemicals

Stanozolol (CAS No.: 10418-03-8, Sigma-
Aldrich); Trenbolone (CASNo.: 10161-33-8, Sigma-
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Aldrich); Sodium phenobarbitone (Sigma-Aldrich);
Colchicine(Microlab); Dimethyl sulphoxide (Merck);
Epigallocatechin-3-gallate (CAS No.: 989-51-5,
Sigma-Aldrich); RPMI 1640 (GIBCO, Invitrogen);
Phytohaemaggl utinin-M (GIBCO, Invitrogen); Antibi-
otic-antimycotic mixture (GIBCO, Invitrogen); Fetal
serum - calf (GIBCO, Invitrogen); 5-bromo-2-
deoxyuridine (Sigma-Aldrich); Hoechst 33258 stain
(Sigma-Aldrich); Giemsagtain (Merck); Mitomycin-C
(Sigma-Aldrich); Cyclophasphamide (Sgma-Aldrich);
NADP (SRL).

Human lymphocyteculture

Duplicate peripherd blood cultureswere conducted
according to Carballo et a.l*%, Briefly, 0.5 ml of the
heparinized blood sampleswas obtained from ahed thy
female donor and was placed subsequently inasterile
flask containing 7 ml of RPM 1 1640, supplemented with
1.5ml of fetal calf serumand 0.1 ml of phytohaemag-
glutinin. Theseflaskswere placed in an incubator at
37°Cfor 24 hours. Untreated cultureand a so negative
and positive controlswererun s multaneoudly.

Chromosomal aberration analysis

Stanozolol, at 40 and 60 uM concentrations re-
Spectively, wasdissolvedin dimethyl sulphoxideand was
added | ater after 24 h. Thecellswere cultured for an-
other 48 h at 37°C keeping them in anincubator. For
metabolic activation experiments, 0.5ml of SO mix dose
was added to the stanozol ol treatment. SOmix waspre-
pared from theliver of healthy rats (Wistar strain) as
per standard procedure of Maron and Ames™. The
SO fraction so obtai ned was enhanced by addition of 5
uM of NADPand 10 uM of glucose-6-phosphatejust
beforethe useto makethe SO mix. The S9 mix without
NADP was also given with each of thetested dose of
stanozolol. Anamount of 0.2 ml of colchicine (0.2 g/
ml) wasadded to the cultureflask, 1 hprior to harvest-
ing. Cellswere centrifuged at 1000 rpm for 10 min.
The supernatant wasremoved and 5 ml of prewarmed
(37°C) 0.075 M KCI (hypotonic solution) was added.
Celswereresuspended and incubated at 37°C for 15
min. The supernatant wasremoved by centrifugation,
and, subsequently 5ml of chilledfixative (methanol: gla-
cia aceticacid, 3:1) wasadded. Thefixativewasre-
moved by centrifugation and the procedure was re-
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peated twice. To preparedides, 3-5 dropsof thefixed
cell suspensionweredropped on cleandidesand air-
dried. Thedideswerestainedin 3% Giemsasolutionin
phosphate buffer (pH 6.8) for 15 min. Three hundred
metaphaseswere examined for screening the presence
of different typesof abnormdlity. Criteriato classfy dif-
ferent typesof aberrationswerein accordancewiththe
recommendation of Environmental Hedth Committee
46 for Environmental Monitoring of Human Popul a-
tiong*,

Sister chromatid exchangeanalysis

For sister chromatid exchange analysis, bromo-
deoxyuridine (BrDU, 10 ug/ml) wasadded at the be-
ginning of theculture. After 24 h, sanozolol & find con-
centrations of 40 and 60 uM, earlier dissolved in
dimethylsul phoxide, was added and kept for another
48 hat 37°Cinanincubator. For metabolic activation
experiments, 0.5ml of S9 mix withandwithout NADP
was given along with each of thetested dose. Mitotic
arrest was attempted, 1 h prior to harvesting by adding
0.2ml of colchicine(0.2 ng/ml). Hypotonic treatment
and fixation were donein the sasmeway as described
for chromosomal aberration anaysis. Thedideswere
processed according to Perry and Wol ff(*¥, and Afzal
and Azfer™. Thesster chromatid exchangeinduction
was analysed from 50 plates of second division mito-
ses per dose.

A similar method wasfollowed for CA and SCE
andysisusing Trenbolone (at 40 and 60 uM) inasepa
rate experiment.

Chromosomal aberration analysis in human
lymphocytestreated with Sanozolol in thepres-
enceof EGCG

After 24 h of incubation of human lymphocytecul-
ture, Stanozolol (at 40 and 60 uM) was administered
with 20 and 30 uM of EGCG respectively and kept for
48 hat 38°Cintheincubator. Prior to 1 h of harvesting,
0.2 ml of colchicine (0.2 ng/ml) was added to the cul -
tureflasks. Hypotonictrestment, fixation and process-
ing of dideswere doneas described earlier inthetext.
About three hundred metaphases were examined for
theoccurrenceof different typesof donormdityi.e gaps,
break and exchanges. Thecriteriato classify different
types of aberrationswerein accordance with therec-
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TABLE 1: Antimutagenic effect of EGCG on CAsinduced by
stanozolal in cultur ed human lymphocyteswithout SO mix

TABLE 2: Antimutagenic effect of EGCG on CAsinduced by
stanozolal in cultured human lymphocyteswith S9 mix

Treatment  Abnormal cells_ Chromosomal Aberrations Treatment  Abnormal cells_ Chromosomal Aberrations
(uM) (%+SE) Gaps CTB CSB CTE DIC (uM) (%+SE) Gaps CTB CSB CTE DIC
Stanozolol Stanozolal
40 13(4.33£1.17%* 9 10 5 1 40 15(5.00+1.26)* 10 11 5 2 -
60 16 (5.33t129)° 12 12 7 1 60 17(5.67+1.34) 12 12 6 3 -
EGCG EGCG
20 3(1.00+057) 4 4 1 20 3(1.00+057) 3 3 1
30 4(1331066) 3 3 1 30 5(1.67+074) 2 2 1
Stanozolol+EGCG Stanozolol+EGCG
40+20 8(267:093° 7 7 4 1 40+20 8(267+093° 7 7 3 1
60+20  10(333t104° 8 10 6 2 60+20  11(367+109° 10 11 4 2
40430 5(L67+0.74° 4 4 2 - 40430  4(133+066° 3 3 2 -
60+30  7(233+087° 6 7 3 1 60+30  5(167+.74° 4 5 2 1
Entr;ated o 3(1.00+057) 2 1 1 - Untreated 3(1.00+057) 2 1 1 -
€gative controi Negative control
(DMSO, 5 l/mi) 2(067+047) 1 1 1 (Del\%so, 5 i) 3(L00+057) 3 2 1

Positive control
(Mitomycin C, 42 (14.00+2.00)2 22 30 16 5 4

0.3 pug/ml)
Significant difference: 3P<0.01 with respect to untreated; °P<0.05
with respect to stanozolol

ommendation of EHC 46 for Environmenta M onitor-
ing of Human Population*2,

Sister chromatid exchangeanalysisin human lym-
phocytestreated with Sanozolol in the presence
of EGCG

For sister chromatid exchange analysis, bromo
deoxyuridine (BrdU, 10 ug/ml) was added at the be-
ginning of the culture. After 24 h of theinitiation of cul-
ture, 40 and 60 uM of Stanozolol separately and aong
with 20 and 30 uM of EGCG were treated and kept
for 48 h at 37°C in the incubator. Mitotic arrest was
doneonehour prior to harvesting by adding 0.2 ml of
colchicines(0.2ug/ml). Hypotonic trestment and fixa
tion were performedin the sameway as described ear-
lierinthetext. Thedideswereprocessed according to
Perry and Wolff*3, Sister chromatid exchange average
wastaken from an analysis of about fifty second divi-
sion metaphases.

A similar method wasfollowed for CA and SCE
andyd sin human lymphocytestreated with Trenbolone
(at 40 and 60 uM adongwith EGCG at 20 and 30 uM)
inaseparate experiment.

Satistical analysis

Student’stwo tailed t-test wasused for theanalys's

of chromosomal aberrationsand sister chromatid ex-

changes. Theleve of 9gnificancewastested from stan-
dard stetistical tablesof Fisher and Yates®®.

Natural Products

Positive control a
(CP, O.5><10'5|v|)45 (15.00+2.06)% 27 33 15 6 3

Significant difference: ®P<0.01 with respect to untreated; "P<0.05
with respect to stanozolol

TABLE 3: Antimutagenic effect of EGCG on CAsinduced by
trenbolonein cultured human lymphocyteswithout S9 mix

Treatment  Abnormal cells Chromosomal Aberrations
(uM) (% +SE) Gaps CTB CSB CTE DIC
Trenbolone
40 11 (3.67+1.09% 9 10 3 1
60 13(4.33+1.17)* 10 10 4 1
EGCG
20 2(067+047) 1 1 1
30 3(1.00£057) 2 1 1
Stanozolol+EGCG
40+20 6(2.00+0.81)° 4 5 2 -
60+20 8(2.67+0.93)° 6 6 2 1
40+30 4(133+0.66)° 3 4 1 -
60+30 6(2.00+£0.81)° 5 5 2 1
Untrested  2(0.67+047) 1 2 1 -
Negative control
(DMSO, 5 pl/ml) 2(067+047) 1 1 1
Positive control
(MitomycinC, 37 9926)33 19 25 15 3 1
0.3 pg/ml) )

Significant difference: ®P<0.01 with respect to untreated; "P<0.05
with respect to trenbolone

RESULTS

EGCG proved itsworth asan antimutageni c agent
by substantialy reducing the CAsinduced by Stanozol ol
in cultured human lymphocytesin the absence aswell
as presence of metabolic activation. EGCG provedto
be more effective in reducing chromosome damage
when applied in the presence of metabolic activation
system (TABLES 1 and 2). Trenboloneinduced CAs
were observed to have alower frequency of occur-
rence when treated with EGCG both in the absence
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TABLE 4: Antimutagenic effect of EGCG on CAsinduced by
trenbolonein cultured human lymphocyteswith SO mix

Treatment  Abnormal cells Chromosomal Aberrations
(M) (%+SE) Gaps CTB CSB CTE DIC
Trenbolone
40 12(400+1132 9 9 4 1
60 15(5.00+1.26) 12 13 7 2
EGCG
20 3(1.00+£057) 2 3 1 1
30 4(133+066) 3 3 2 1
Stanozolol+EGCG
40+20 6(200+081)° 4 4 2 1
60+20 9(3.00+0.98)° 7 8 3 2
40+30 3(L.00+057)° 2 3 2 1
60+30 5(1.67+074° 4 4 1 1
Untreated  3(1.00+047) 1 2 1 -
Negative control
(DMSO, 5 p/mi) 2(067+047) 1 2 1
Positive control 40 (13.33 +
(CP, 0.5x0° M) i.ge)a 2128 13 4 2

Significant difference: ®P<0.01 with respect to untreated; "P<0.05
with respect to trenbolone

TABL E 5: Antimutagenic effect of EGCG on SCEsinduced by
Sanozolol in cultured human lymphocyteswith and without
SO mix

SCES/Céll SCES/Céll
Treatment (uM) (Mean + SE) Treatment (uM) (Mean + SE)
Stanozolol Stanozolol
(without S9) (with S9)
40 6.89 + 0.66° 40 7.07 £ 0.67°
60 7.73 + 0.69° 60 7.95+0.71°
EGCG EGCG
20 2.75+0.30 20 2.88+0.32
30 2.83+0.31 30 2.94+0.33
Stanozolol + Stanozolol +
EGCG EGCG
40+20 3.12+0.33° 40+20 3.10+0.31°
60+20 4.47 +0.45° 60+20 4.43+0.43°
40+30 2.72+0.32° 40+30 2.98+0.33°
60+30 4.06 +0.42° 60+30 4.11 +0.40°
Untreated 2.12+0.23 Untreated 2.27+0.26
Negative control 2024021 Negative control 217+ 0.23
(DMSO, 5ul/ml) =7~ (DMSO,5u/ml) <"~

Significant difference: ®P<0.01 with respect to untreated; "P<0.05
with respect to trenbolone

and presenceof S9mix, withanamost smilar pattern
intheability of EGCGto reducegenctoxicity, bothwith-
out and with metabolic activation (TABLES 3and 4).
When SCEs were induced using Stanozolol and
Trenbol oneastoxic agentsbothintheabsenceand pres-
ence of metabolic activation system and EGCG was
again used asthe ameliorating antimutagenic agent, a
very similar pattern was again observed in the
antigenotoxic potentia of EGCG, with only dight dif-
ferences between the observationsin the cases of ab-
senceand presenceof SOmix (TABLES5and 6). Thus
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TABLE 6: Antimutagenic effect of EGCG on SCEsinduced by
trenbolonein cultur ed human lymphocyteswith and without
SO mix.

SCEsCal SCEsCal
Treatment (WM) (vean+ sg) TMEMEN (WM (1 ean + S

Trenbolone Trenbolone (with
(without S9) S9)
40 6.34+0.59% 40 6.52 +0.61°
60 7.11+0.63% 60 7.32+0.64%
EGCG EGCG
20 2.55+0.26 20 2.62+0.27
30 2.67+£0.29 30 2.78+0.29
Trenbolone + Trenbolone +
EGCG EGCG
40+20 4,04+ 0.41° 40+20 414+ 0.42°
60+20 4,52 +0.48° 60+20 444+ 0.46°
40+30 3.92+0.38" 40+30 3.98+0.40°
60+30 438+043° 60+30 4274043
Untreated 2.02+0.22 Untreated 217+0.23
Negative control Negative control
(DMSO, 5 pl/m) 1.96+ 0.20 (DMSO, 5 liml) 210+ 0.21

Significant difference: 8P<0.01 with respect to untreated; ®P<0.05
with respect to trenbolone

EGCG by itsdf, wasobserved to benon genotoxic when
tested for genotoxicity indl experimentsperformed, with
or without metabolic activation (TABLES 1-6).

DISCUSSION

Natural plant products have been reportedto re-
duce genotoxic effect of seroidsinvariousinvitroand
invivomodels. The genotoxic effects of steroidscan
bereduced by the use of antioxidantsand natural plant
productg¥33427:%:36.37.3834041 |n thisstudy, EGCG re-
duces genotoxicity induced by Stanozolol and
Trenbolone, inthe presenceaswd | asabsence of meta-
bolic activation systemin human lymphocytes. EGCG
wasmoreeffectivein reducing genotoxic damageinthe
presence of metabolic activation. The reduction in
genotoxic damage may be dueto the possibility of the
prevention of metabolic activation of Stanozolol and
Trenbolone by EGCG The selected dosage of EGCG
is potent enough to reduce genotoxicity. The concen-
trationsstudied hereare higher than those of commonly
used steroids. The higher concentration may bereached
insomecdlinica conditiong? and thishigher concentra-
tion may lead to genotoxic damage and may further
increasethe possibility of the devel opment of various
typesof cancerd®. EGCG reduced the genotoxic dam-
ageinduced by the steroids/mutagens, by the highest
tested dosagei.e. 20 and 30 uM, thereby giving aclear
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indication of itsprotectiverole.

Stanozolol and Trenbolone havethe potentia to
causegenotoxicdamagein humanlymphocytesinvitro
at higher dosage both in the presence and absence of
S9 mix. Changesin chromosome structure dueto a
break or a swapping of chromosomal material are
termed asCAs. Most of the CAsin cellsarelethal, but
many of them are also viable and can cause genetic
effects, either somatic or inherited®®. Theseeventscan
lead to theloss of chromosomal material at mitosisor
to theinhibition of exact chromosome segregation at
angphase. Thereault of thesechangesiscdl lethdity!™”.
In our experiment, we came acrosssignificant differ-
encescompared with control inthe CA frequent at 40
and 60 uM, with or without SO mix. SCEisusualy a
moresengitiveindicator of genotoxic effectsthan CAM,
Thereisacorré ation between the carcinogenicity and
SCE inducing ability of many chemicas. Moreover, the
SCE induction mechanismisheterogeneousand very
different from the mechanism of CA induction™®. An-
drogenic steroidsdisplay teratogenic effectsinall spe-
ciesthat have been studied sofar, anddo soinavery
predictable and consi stent way!*¥. Various psychol ogi-
cd and physiologica effectshave beenreported inboth
mal es and femal esamong frequency usersof andro-
gens®., Thereislittle, if any, information availableon
the exact reasons for the genotoxic behavior of
Stanozolol and Trenbolone. However, the present study
isconcurrent with the studies performed on synthetic
steroids such as cyproterone acetate, ethynodiol
diacetate, chlormadinone acetate, medroxyprogesterone
acetate, norgestrel and megestrol acetate that induced
CAsand SCEswith or without metabolic activation
system(?1:222324252627) The |nternational Agency on
Cancer (IAC), mainly onthebasisof epidemiologica
studiesclassfiessteroidd estrogen progestin combina-
tionsamong agents carcinogenic to humans(Group 1),
progestins as possibly carcinogenic (Group 2) and an-
drogenic anabolic steroids, as probably carcinogenic
(Group 2A)28,

Anincreaseinthefrequency of chromosomal ab-
errationsin periphera blood lymphocytesisassociated
withanincreased overal risk of cancer®, Thereadily
quantifiable nature of sister chromatid exchangeswith
high sensitivity for revealing toxicant-DNA interaction
and thedemonstrated ability of genotoxic chemicasto

inducesgnificant increasein Sster chromatid exchanges
incultured cdlshasresulted in thisendpoint being used
asindicator of DNA damagein blood lymphocytes of
individuals exposed to genotoxic carcinogens®l. The
above genotoxic endpointsarewd | known markers of
genotoxicity and any reductioninthefrequency of these
genotoxic endpoints gives us indication of the
antigenotoxicity of aparticular compound®Y, Many
products protect against xenobioticsether by inducing
detoxifying enzymes or by inhibiting oxidative en-
zZymes®,
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