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ABSTRACT KEY-
Cyclophosphamide (CP) is an alkylating agent and has been primarily used WO%LR'SC' ophosphamide;
asan anti-neoplastic agent for the treatment of variousformsof cancer witch Ionine-SR-sulfoximine;
causes toxicity by its reactive metabolites such as acrolein and Urinary bladder anti-oxidants;
phosphoramide mustard. In this study we investigated the effect of Rosmarinus tomentosus.

Rosmarinus tomentosus (Romarin) extract on urotoxicity induced by acute
dose of CP and buthionine-SR-sulfoximine (BSO) using Swissabino mice
model. Modul ation of toxicity was eval uated by measuring lipid peroxidation
(LPO) and anti-oxidantsin urinary bladder in mice. Rosmarinustomentosus
showed protective effect not only on LPO but also on the enzymatic anti-
oxidants. CP-treated animalsexhibited asignificant decreasein the activities
of glutathione S-transferase (GST), glutathione reductase (GR), glutathione
peroxidase (GP) and cata ase (CAT) when compared to the controls. Level of
reduced glutathione (GSH) was al so reduced with an increasein LPO in CP-
treated animals. BSO treatment depicted an additive toxic effect in CP-treated
animals. Pre-treatment of Rosmarinustomentosus extract restored activities
of al the enzymes and thus showed an overall protective effect on additive
effect of CPand BSO. Restoration of GSH by extract trestment may play an
important rolein reversing CP-induced apoptosis and free radical mediated
LPOinurinary bladder. © 2011 Trade ScienceInc. - INDIA

INTRODUCTION effectsincluding immunotoxicity, hematotoxicity, mu-

tagenicity it isused in anti-neoplastic therapy!>2. CPis

Cyclophosphamide (CP) isoneof themost popu-  an established drug administered for thetreatment of

lar dkylating anticancer drugsin spiteof itstoxicside  both malignant and nonmalignant conditiong?. How-
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ever, CPintakeisassociated with cardiac damage, hem-
orrhagic cydtitis, vomiting, and carcinogenicity™. Ex-
tensvetissuedamageandtoxicity inthelungsasare-
sult of CPtreatment has also been documented®. Itis
also reported to cause urological cytotoxicity in blad-
der®. Previousreports have suggested acrolein (prod-
uctsof CPhydroxylationintheliver) asthe causa agent
for bladder epithelia damage™ . Themajor biochemi-
cal pathway for the metabolism of acroleinisconjuga
tion with glutathione*®. Although because of itshigh
reectivity acroleinreactsgpontaneoudy with glutathione,
theformation of Michadl adductsbetween glutathione
and acroleiniscata yzed by glutathione Stransferases
(GSTs). Multiple GSTscatd yze the conjugation of glu-
tathione with unsaturated aldehydes; however, glu-
tathione Stransferase P (GSTP) displaysthe highest
catdytic activity with small unsaturated al dehydes such
ashbase propend sand acrolein®. Nonethel ess, therole
of GSTPintheinvivo metabolism of acrolein hasnot
been sudied, andit remainsunclear whether GSTPregu-
latesthe urotoxic effects of acrolein generated during
therapy. Othersprevious studiesindicatethat acrolein
impartsagreat inflammatory response characterized by
sub-epithdia edema, neutrophil infiltration, hemorrhage
and necrosis. Someinvestigators have demonstrated
increasesin pro-inflammatory mediatorssuch astumor
necrosisfactor-o (TNF-a), interleukin-18 (IL-f) and
type 2 cyclooxygenasewithin thebladder epitheliumin
response to CP therapy® 7. Other factors such as
cytokines, cyclooxygenase-2 (COX-2), and reactive
oxygen specieswith other inflammeatory mediatorsmay
contributeto the pathogenesis of CP-induced urotox-
icity. Nitric oxide (NO) is suggested to play asignifi-
cant roleinthe urinary tract injury associated with CP
treatment® 9. Oxidative stressdamage manifested by a
ggnificantincreaseintheleve sof mad ondid dehydeand
inhibition of the peroxidase and cata ase enzymes pre-
sents another major cause of thetissue damage’® 14,
CP-induced urotoxicity isthemajor limitingstepinits
clinical gpplication despiteof itspotent antitumor activ-
ity*?, CPtreatment also resultsin the production of
reactive oxygen species (ROS), which cause
peroxidative damageto urinary bladder and other vital
organg®¥. Roleof tissueanti-oxidantsbecomesimpor-
tantintheprevention of such damage. Thereisanoverdl
decreaseinthe glutathione content invarioustissuesas

aresult of CPtreatment™. In urinary bladder dsothe
reductioninthelevelsof GSH (reduced glutathione)
resulting from CP treatment has been reported®. The
reactive metabolites of CP areresponsiblefor various
toxic aswell astherapeutic actionsof CPY.

A number of natural products and synthetic
compounds have been shown to reduce CP toxicity
mainly duetotheir anti-oxidant action** . Rosmarinus
tomentosusisavegetal speciesclosely related to the
culinary rosemary (R. officinalis), aplant reported to
contai n anti-hepatotoxic agents. In the present study, a
dried ethanol extract of the aeria partsof Rosmarinus
tomentosus (Rt) were evaluated in the restoration of
anti-oxidantsand reduction of lipid peroxidation (L PO)
inurinary bladder in CP-treasted animalswhich are pre-
disposed or commitantly exposed to aknown GSH-
depl eting agent (buthioninesulfoximine, BSO) doneand
incombinationwith CP,

MATERIALSAND METHODS

Plant extract (PE)

Aqueoustota extract of (Rosmarinustomentosus)
in semisolid formwas purchased fromthe Plant Extract
Division of theloca Central Pharmacy, Tunisia. The
moi sture and ash content of extract were 12% and 8%,
respectively and pH of 10% aqueous sol ution of extract
was4.6. Authenticity of extract was certified by the
expert taxonomist of themanufacturers.

Chemicals

Cyclophosphamide monohydrate (2-(bis-(2-
chloroethyl) amino) tetrahydro- 2H-1,3,2-
oxazaphosphorine 2-oxidemonohydrate); CAS 6055
19-2 and BSO (L-buthionine-SR-sulfoximine); CAS
5072-26-4, were purchased from Sigma-Aldrich Co.,
St. Louis, MO, USA.

Animals

Thestudy wasconductedinmaeSwissabinomice
(25+2 g) provided by the animal service of Institut
Pateur de Tunis, Tunisia. The study was approved by
thelngtitutiond Anima EthicsCommittee (IAEC). The
animalswere bred and maintai ned under the standard
laboratory conditions (temperature 25 + 2 °C;
photoperiod of 12 h). Commercia pellet diet and water
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weregiven ad libitum.
Dosage and experimental groups

BSO, CP and plant extract of Rosmarinus
tomentosus (Rt) were suspended in normal saline.
Animasweredivided in seven groups, Group I-VIL
Each group consisted of aminimum of six animals.
Control animals(Group I) were administered normal
sdinep.o. for 10daysand asinglei.p. injection of the
sameon the 10 th day. BSO (500 mg/kg body wt) was
administeredi.p. onthe 10th day (Group I1). CP (50
mg/kg body wt.) was given asasinglei.p. doseonthe
10th day of treatment (Group I11). Group IV (BSO +
CP) animalswere administered BSOi.p. 5 h before
CP administration. Group V (CP + Rt) animalswere
administered plant extract for 10 daysalongwithasingle
i.p. injection of CPon 10th day. Group V1 (BSO + Rt)
anima sweregiven plant extract treetment (100 mg/kg
body wt.) p.o. for 10 daysand asinglei.p. injection of
BSO on the 10th day aong with theextract. Group VI
(BSO + CP + Rt) animals were administered plant
extract for 10 days and CPand BSO on the 10th day.
Dosingwasdonein such amanner that dl theanimals
could be sacrificed on the same day, i.e., day 11.
Selection of dosesof BSO and CP arebased on pilot
experimentsusing arangeof dosesand dsotakinginto
account previoudly published report!4 161,

Biochemical investigations

After termination of treatment, animals were
sacrificed under mild anesthes aand their bladderswere
removed. Thebladder tissuewashomogenizedinchilled
phosphate buffer (0.1 M, pH 7.4), using a Potter
homogenizer. The homogenate was centrifuged at
10,500g for 30 min at 4 °C to obtain the post-
mitochondriad supernatant (PM S), which wasused for
the biochemical measurementsas described below.
Lipid peroxidation

LPO was measured using the procedure of
Uchiyamaand Mihard®. Theassay mixtureconsisted
of 0.67% thiobarbituricacid, TBA (Sigma-Aldrich), 10
mM butylated hydroxy toluene, BHT (Sigma-Aldrich),
1% ortho-phosphoric acid (Sigma-Aldrich) and tissue
homogenatein atota volumeof 3ml. Therateof LPO
was expressed as nmol of TBA reactive substances
(TBARS) formed/h/gof tissueusingmolecular extinction
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coefficient (°) of 1.56 x 10°M1cm™.
M easur ement of GSH

GSH content wasmeasured inthe PM S of urinary
bladder by the method of Haque et al.[*4. PM S (1ml)
was precipitated with 1ml of 4% sulfosalicylic acid
(Sigma-Aldrich). Thesampleswereincubated at 4 °C
for 1 h and then centrifuged at 1200g for 15 min at 4
°C. The assay mixture consisted of 0.2 ml of filtered
aliquot, 2.6 ml of sodium phosphate buffer (0.1 M, pH
7.4) and 0.2 ml 100 mM DTNB (dithio-bis-2-
nitrobenzoic acid, Sigma-Aldrich) inatotal volume of
3ml. Theabsorbance of reaction product was measured
at 412 nmand resultsexpressed asnmol GSH/gtissue.

Anti-oxidant enzyme measur ements

Glutathione-S-transferase (GST) activity was
assayed using the method of Hague et al.[*4. The
reaction mixturecons sted of 1.675ml sodium phosphate
buffer, 0.2ml of ImM GSH (Sigma-Aldrich), 0.025 ml
of 1mM CDNB (1-chloro-2,4-dinitrobenzene, Sigma-
Aldrich) and 0.1ml of PMSin atotal volume of 2ml.
The change in absorbance was recorded at 340 nm
and the enzyme activity calculated as nmol CDNB
conjugatesformed/min/mg proteinusing® of 9.6x103
M- cmt. GR (glutathione reductase) activity was
assayed by the method of Sharmaet al.*. The assay
mixture consisted of 1.6 ml sodium phosphate buffer,
0.1ml of 1mM ethylenediamine tetra acetic acid
disodiumsdt (EDTA, Sigma-Aldrich), 0.1 ml NADPH
(ni cotinami de adeninedinucl eoti de phosphate reduced,
Sigma-Aldrich) and 0.1ml oxidized glutathione(Sigma:
Aldrich) and PMS(0.1ml) intotal volumeof 2ml. The
enzymeactivity measured at 340 nmwas cal culated as
nmol NADPH oxidized/min/mg of protein, using® of
6.22x10°* M- e, Glutathioneperoxidase (GP) activity
was assayed using themethod of Sharmaet d.[*. The
assay mixture consisted of 1.49 ml sodium phosphate
buffer, 0.1ml EDTA (1mM), 0.1 ml sodium azide (1
mM, Central Pharmacy of Tunis, Tunisia), 0.1 ml of 1
mM GSH (Sigma-Aldrich), 0.1 ml NADPH (0.02
mM), 0.01 ml of 0.25 mM hydrogen peroxide (H,0,,
CDH Chemicals) and 0.1 ml PM Sin atota volume of
2ml. Oxidation of NADPH was recorded
spectrophotometricaly at 340 nm. Theenzymeactivity
was cal culated asnmol NADPH oxidized/min/mg of
protein, using® of 6.22 x10*M-*cm. CAT (catal ase)
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activity was assayed using the method used
previoudy*4. Theassay mixtureconsisted of 1.95ml
phosphate buffer, 1ml H,O, (0.09 M) and 0.05 ml of
PMSinafina volumeof 3 ml. Changein absorbance
wasrecorded kinetically at 240 nm. CAT activity was
calculated interms of nmol H,O, consumed/min/mg
protein.

Protein measur ement

Protein was measured by the method of Lowry et
al.[8l,

Satistical analysis

Single factor one-way analysis of variance
(ANOVA) was applied to determine significant
differencesinresultsof variousgroups. Pvaues<0.05
were considered significant. Subsequently, Student-
Newman-Keuls test was applied for analyzing the
significance between different treatment groups. The
valuesareexpressed asmean + SE.

RESULTS

No mortality and significant change in the body
weight were observed in different groupsof animas.

Lipid peroxidation (L PO)

BSO treatment resulted inasignificantincrease (P
<0.01) inLPO inbladder over control values(Figure
1). CPtreatment a soinduced LPO significantly. The
cumulativeeffect of BSO + CPresulted insignificant
increaseinthe LPO ascompared to Group | (control).
BSO + CPgroup (Group I V) showed significant (P <
0.01) increaseinthelevelsof LPO when compared to
CP(Group1l) done(Figure1). Animaspre-treated
with Rosmarinustomentosus (Rt) and subsequently
exposed to BSO (BSO + Rt) showed asignificant (P<
0.01) reductionin LPO in bladder. PE treatment al so
sgnificantly (P<0.05) reduced levelsof LPO inbladder
when the data of CP + Rt group (Group V) was
compared with that of CPgroup (Group 11). Asshown
inFigurel, whenthedataof LPO of BSO+ CPgroup
(Group 1V) and BSO + CP + Rt treatment group were
compared, a significant decrease (P < 0.01) was
observedin caseof later (Group VII).
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Figurel: Effect of Rosmarinustomentosus(Rt), BSO and CP
on thelipid peroxidation (LPO) in urinary bladder of mice.
Significant differencesareindicated by P < 0.01 and 9P <
0.01inGroup 11 (BSO) and Group |11 (CP) treated animals,
respectively and ‘P < 0.01in Group 1V (BSO + CP), when
compared with control animals(Group 1). "P< 0.0l indicates
significant levelsof BSO + CP group when compared to CP
group.'P<0.01and "P <0.05indicatesignificant difference
of dataof Group V (CP+ Rt) and Group VI (BSO + Rt) when
compared with Group 11 and Group I1, respectively. 1P < 0.01
when Group |V datawascompared with Group VI1. Valuesare
means= SE (n = 6).

CP+Rt BSO+Rt BSO+CP+R

nmol GSHg tissue

Controls BSO CcP BSO+Rt BSO+CP+Rt

Figure?2: Effect of Rosmarinustomentosus(Rt), BSO and CP
on GSH content in urinary bladder of mice. Significant
differencesareindicated by °P < 0.0land “P<0.0Lin Group ||
(BSO) and Group |11 (CP) animals, respectively and ‘P <0.01
inGroup 1V (BSO + CP) when compar ed with contr ol animals
(Groupl)."P<0.0lindicatessignificant changein BSO+CP
group when compar ed with CP group.'P<0.01and "P<0.01
indicatesgnificant differencesin observationsin Group 1V
(CP+Rt)and Group VI (BSO + Rt) when compar ed with GSH
dataof Groupsl 1 and 11, respectively. 9P <0.01 when GSH data
of Group IV wascompared with Group V1. Valuesaremeans
+SE (n=6).
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Reduced glutathione

Significant (P < 0.01) decrease in GSH was
observedin BSO, CPand BSO + CP-treated groups
(2.5, 3.5and 1.5 nmol GSH/gtissue, respectively) as
compared to control values (5 nmol GSH/g tissue)
(Céllular GSH dataof urinary bladder are shownin
Figure 2). Also, there was a significant (P < 0.01)
decrease in the levels of GSH in BSO + CP group
(Group 1) when compared to CP group (Group 111).
As shown in figure 2, when comparison was made
between BSO and BSO + Rt groups, GSH content
wasfound to beincreased significantly (P<0.01) in
caseof later. Similarly, bladder of CP+ Rt group (Group
V) showed significantly increased (P < 0.01) GSH
content as compared to CP alone group (Group I11).
When thedataof GSH of BSO + CP (Group V) group
was co mpared with BSO + CP + Rt group (Group
VII), significant (P < 0.01) restoration in GSH was
recorded (Figure2).

TABLE 1: Activitiesof anti-oxidant enzymesin theurinary
bladder of micein different treatment groups. Valuesare
means= SE (n =6). GST expressed as nmol CDNB conjugates/
min/mg protein, GR as nmol NADPH oxidized/min/mg of
protein, and GP asnmol NADPH oxidized/min/mg protein.
CAT activity isexpressed asnmol H,O, consumed/min/mg
protein. Sgnificant differencesareindicated by P <0.01, P
<0.01, P <0.05and P < 0.01 when compar ed with control
animals. (Group |)"P <0.01 when compared with Group I, "P
<0.01and'P < 0.01 when compar ed with CP-treated animals
(Group 111) and 9P < 0.01 when compar ed with Group | V.
Hamritaetal., (Tab.1)

Group Activity of anti-oxidant enzyme

GST GR GP  CAT

| (Controls) 105+3 104+4 116+5 65+3
Il (BSO) 61+2° 53+4° 833" 58+2°
1l (CP) 76+3% 83+57 100+4° 45+3°
IV (BSO+CP) 40+3"™  47+2" 7943 4343
V (CP+Rt) 114+5' 113+5' 123+2' 6845
VI (BSO+Rt) 108+3" 110+6" 117+4" 74+7"
VIl (BSO+CP+Rt)  106+4% 109+6° 115+4% 65+5°

Anti-oxidant enzymes

BSO and CP treatments significantly (P < 0.01)
decreased the activitiesof GST, GR, GPand CAT in
the bladder when compared with control group (TABLE
1). BSO + CPgroup a so showed an additivesignificant
(P<0.01) decreaseintheactivitiesof GST, GR and

BioTechnology — o

GP when compared with CP or control group.
However, therewas no significant differencein CAT
activity between theanimalsof group IV (BSO + CP)
and group Il (CP). Activities of these anti-oxidant
enzymesincreased sgnificantly (P<0.01) inbothBSO
+ Rt (Group V1) and CP+ Rt (Group V) groupswhen
compared to their respective controls, BSO (Group 1)
and CP(Group 1) (TABLE 1). Animal streated with
Rosmarinus tomentosus (Rt) and subsequently
exposed to BSO + CP (Group VII, BSO + CP + Rt
treatment) displayed asignificantincrease (P<0.01) in
the activities of all the anti-oxidant enzymes when
compared with BSO + CP group (Group V).

DISCUSSION

TheWorld Health Organization (WHO) has esti-
mated that 80% of the earth’s inhabitants rely on tradi-
tiond medicinefor their primary hedlth care needs, and
most of thistherapy involvesthe useof plant extracts
and their active components®®. Under stress, our bod-
ies produce morereactiveoxygen species(ROS) (e.g.,
superoxide anion radicals, hydroxyl radicalsand hy-
drogen peroxide) than enzymatic antioxidants(e.g., su-
peroxide dismutase (SOD), glutathione peroxidase
(GPx), and catal ase) and non-enzymati c antioxidants
(eg., ascorbicacid (vitamin C), glutathione, carotenoids,
and flavonoids). Thisimbaanceleadsto cell damage
and hedlth problems?>24, A lack of antioxidants, which
can quenchthereactivefreeradicas, facilitatesthede-
velopment of degenerativediseases, including cardio-
vascular diseases, cancers, neurodegenerativediseasss,
Alzheimer’s disease and inflammatory diseases®. One
solutionto thisproblemisto supplement thediet with
antioxidant compoundsthat arecontainedin naturd plant
sources. Thesenatura plant antioxidants can therefore
serveasatypeof preventive medicine. Theantioxidant
propertiesof theleavesphenolic compoundswerere-
ported in many studies: they act asascavenger of the
1, 1-diphenyl-2-picrylhydrazyl (DPPH). It was also
shown that the presence of gallic acid and itsderiva-
tive, thel, 2, 3, 4, 6-pentagall oylglucosein thefruits,
play aprotecting roleagainst lipid peroxidationinduced
by H,0, inK562 cell ling®.

Currently, theresearch of natural antioxidantslike
alternative sources of synthesis antioxidants was
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emerged and the exploitation of thevarious secondary
metabolitesof theplant washighlighted in recent years.
In the same way, some researchers suggest that two-
thirdsof theworld’s plant species have medicinal value;
inparticular, many medicind plantshavegreat antioxi-
dant potentia . Antioxidantsreduce the oxidative stress
incdlsand aretherefore useful inthetreatment of many
human diseases, including cancer, cardiovascular dis-
easesand inflammatory diseases. Different vegetd spe-
cieshavebeen described for providing active principles
that protect against bladder damage in experimental
anima model §%4. Rosmarinustomentosus, amedici-
nal plant which has been previously reported for its
anti oxidativeseffectsin experimenta animal modd 2
21, Thisplant extract serves against the cold problems
of thestomach, against reflux and vomiting. It isgood
for thosewho have spleen and liver problems. Further-
more, inform of alavationit servesagainst dl thecold
problemsof the head like epil epsy, stupor and somno-
lence. In the Mediterranean area, Rosmarinus
tomentosus hasbeenlargely cultivated and numerous
cultivarsvaryingin flower colour and growth habits,
etc., havebeen selected for their ornamenta value. Itis
also animportant source of essentia oilsand volatile
compoundswhich arehighly appreciated in both per-
fumery and pharmaceuticd industries®.

In cancer therapy, many medicind plant extract have
been demonstrated ameliorating toxicity induced by
somedrugsused in chemotherapy!?”: %1, CPand BSO-
induced toxicity isthemgor limiting stepinitsclinica
gpplication despiteof itspotent antitumor activity. How-
ever, in bladder cancer, urotoxic effects of CPcan be
doselimiting and have proven fatal. Extensive hydra-
tion of patientsreceiving CP may alleviate urotoxicity;
however, thistreatment modality hasbeen criticized as
being difficult to properly maintainand may provideonly
partia protection from urinary bladder damage?39,
Sincebladder isthesitefor the storage of urine, con-
centration of toxic metabolitesof CPishigher inblad-
der ascompared to other organs, which increasesthe
toxicload of CPin bladder to manifold. Moreover, the
mechanismsthat determineindividua susceptibility to
CPand mediatetheir bladder toxicity remain unclear.
CP caused asgnificant reductionintheleve sof dl the
anti-oxidantsin urinary bladder. Besides, it increased
LPO inthebladder. The oxidative productsof the CP

responsiblefor induction of L PO and generation of the
ROS result ininflammation thusdisturbing the overall
redox cycling of the bladder®4. Treatment with
buthionine sulfoximine (BSO), apotent inhibitor of r-
glutamyl cystel ne synthetase, has been reported to en-
hancethein vitro antitumor efficacy of anumber of
drugsincluding CP, me phaan, adriamycin, daunomy-
cinand mitomycin C'*3, By inhibiting thisessentid en-
zyme, BSO hasthe capacity todrastically reduce glu-
tathione content and has been showninmodel systems
to enhancethe cytotoxic effectsof specific chemothera:
peutic agents and radi ation therapy™. BSO and other
agentsdirected at modulating glutathionelevel s affect
the content of thismetabolitein normal tissuesaswell
asintumorg®,

Inthe present work, Rosmarinus tomentosus ex-
tract has been used to examine its effect on CP and
BSO-induced urotoxicity in mice. When data of re-
duction of GSH were compared, it wasfound that BSO
has moresgnificant effect than CP. A differenceof 42%
was noticed between the two observations confirming
that BSO isamore potent depletor of GSH than CP as
reported el sewhere™®). CP-induced depletion of GSH
isprimarily mediated by interaction of itsreactiveme-
tabolite, acrolein with GSH®. Acrolein not only inter-
actswith GSH but a so with cysteinewhichisone of
the constituent amino acids of GSH®. Severd reports
intheliterature haveindicated that compounds con-
taining freesulfhydryl groupsmay protect from theuro-
toxic effectsof cyclophosphamide. A number of sulfhy-
dryl (-SH) compounds and cysteineitself have been
observed to protect the animalsfrom toxic effects of
CP,

Intraperitoneal administration of CPinduced LPO
inbladder in asignificant manner. Lipid peroxidationis
widely used asan indicator to reflect oxidative stress
and cell membrane damage. Free radicalslike
superoxideanion and hydroxyl radical exert their toxic
effect by actingon DNA, membraneproteinsand lipids.
CP-induced L PO hasbeen reported in different tissues
of exposed animal §%¢1. In CP-induced LPO also role
of acrolein has beenimplied®.

It hasbeen suggested that by binding to nucleophilic
amino acids, acrolein could directly affect transcription
aswell asmodulatethis processthroughitsability to
deplete GSHI®!. BSO treatment resulted in depl etion of
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GSH andincreasein LPO inurinary bladder. Depletion
of GSH isaso reported to increase susceptibility of
cellsto apoptosis=. A depletion of intracel lular GSH
has been described in anumber of different apoptotic
systems, with several studiesshowingthat GSH lossin
cellsundergoing apoptosisistheresult of accel erated
efflux rather than depl etion by oxidation™. When BSO
and CPwere administered together, an additive effect
was observed in case of GSH, LPO and other
parameters. The purpose of using BSO alongwith CP
wasto study alikely scenario wherehost isexposed to
a combination of GSH depleting agents including
pathogensand to assesswhether herbd extract trestment
of Rosmarinustomentosus hasany modul atory effect
on thelr commutative/additive effect. Rosmarinus
tomentosus extract pre-treatment not only showed
protectiveeffect on CPurotoxicity but wasad so effective
in protecting the animals treated with CP + BSO
combination (Group V1I). While herbal extract pre-
treatment restored depleted GSH and other anti-
oxidants, smultaneoudly it reduced LPO inthebladder.
CP-induced immuno-suppressionislikey toincrease
incidenceof infectionswhich may deplete GSH asmany
infectious agents are reported to deplete GSHI“I. An
herbal extract like Rosmarinustomentosuswhich has
GSH restoring effect holdsgreat promisein reducing
theadverseeffectsof CPin cancer patients. A number
of herbal extractsand their isolated constituents have
also shown protective effect against CP-induced
urotoxicity!“Y. Thiols containing compounds such as
menaand cystenehave shown protectiveeffectsagainst
CP-induced urotoxicity. Rosmarinus tomentosus
extract hasbeen extens vely used inanumber of herbd
formulations. For centuries, itisbeing used asafolklore
medicine. Itsvariouspharmacol ogica actionsreported
hitherto in ancient medicine literature have been
scientifically validated later. In thiscontext, Milagros
Gdisteo et d.*Jindicate that Rosmarinustomentosus
isaplant reported to contai n anti-hepatotoxic agents
suggesting the need to isol ate the chemical principles
responsiblefor thisactivity and to study thisactivityina
mode of thiocacetamide-induced cirrhosis. Thefindings
of the present investigation demonstrate that
Rosmarinus tomentosus extract pre-treatment
prevented CP urotoxicity whichisprimarily mediated
by L PO and depleted GSH by reversing these effects.

M oreover, because of itswidespread availability and
relative lack of toxicity, Rosmarinus tomentosus
deserves considerationfor usein cancer patientsasa
complementary thergpy after further validationandtrids.
In conclusion, the strongest evidence produced by this
study supports an interaction between CP-induced
urotoxicity and Rosmarinustomentosustreatment.
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