UNU

AMNLTIUANTDS cisplatin Aan1THNuTasle
cisplatin, cisplatinum %ia cis-diamminedichloroplatinum (11) {CDDP) iusninmusiafidnatilu
. , de m - v o e , .
ngx cytotoxic drugs Ndnatiunaniuanlrsneudsieusedlanzudniideznan platinum (PY) agamnans
ARNTALAIEDZRENTDN chloride (Cl) WAL ammonium (NH,) 8898% 2 82PN 1NFI8E AW cis uaL
Wuanssznaveiiuvisdniilanaiuuumy dgnaeiife HCLNPL wmalianawinm 300.05 ghinol uazi

anslaseainesiagUi 1 cisplatin §Fan19n13A1dus Ae Platinum, DDP, CACP uaz Platinol a1xnsnayan i s

Tutnfieaadfudiu 1 mgimi use cis-isomer winSuRigrEIDusn NNz

Cl.,  NH;
-

cl”” NH,

\"\

gil'ﬁ. 1 TAMAT N8 cisplatin yin cis-diamminedichloroplatinum {11) {www wikipedia.org)

cisplatin 1ensznm alkylating agent WifneuziFentin solid umor v nzfaluile (Sherman-
foost ef 2/, 2003y nsialasniin non-small-cell lung (Rosell et al, 2002) Hzdanszmnztiaaiz (Kong et
al., 2006) WazuzTaTUMe (Burger et af., 1897) Lusiu

cisplatin Anlueninwmzinesngs biswi zAeasTw (cell cycle non-specific drug) T4

- ar

wenearnaialiEen alkylation ¥ DNA asnsofiaiugadlea o Whidnsadtuazeylurzeylaie s
= a ] za; = . vdd’ L= =4 = i) = 3
Anwasirad udszuziiaziia alkylation IHaanRainuszs G1 Wsoszoy S Watvindluszayi DNA agflupl
polynucleotide T9vin i cisplatin Wimindfianddinsndn DNA Tuszezau - Jeaeglug helix

nalnnasasngniaes cisplatin avfiasumehumadiuanlugil 2 wdsan cisplatin Wgienas

ot 11 extracellular fluid (ECF) udnfiazidngdiaadingit passive diffusion 1Wia active uptake 1ii2idngmad Cl
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AeugABEnAIna1sLIzney cisplatin Lazgninmiidsiibiluanasasefslrzauandasanngom
Ujiseniuansdszneusn o mutusadiseulszauanid Insawiiu DNA (luglh 2 wansesrau Cf e
Tuiana cisplatin naABaNUATNUILRRELIALYN T cisplatin Tiszq 2+) nnfiauisen alkylation fiu
DNA At husadiiinlag alkyl group 184 cisplatin llunuhi H-atom u nucleic acid wialdsiuizaia:
Tnts nucleophilic atom luunudl teaving group W cisplatin (Chu, 1994) Tatia1uns0ifim alkyiation U N7
ez 06 284THLaNA guanine fiag infAnadsaastuana Wednullabuanasnafin alkylation fulvianu 4
1 Feanaazatjuu DNA saiaaiiizaauarasiunld ialuivsrssiafivnzassennfinl iz ds
. , - . g DT B
v intrastrand was interstrand cross-linking #HAALL {Genzalez et &, 2001) mgﬂﬂ 3 TIHNARTINAE
P o V. Lo al ar N
193 DNA Hidnunuznldeuulasliuaznudi interstrand cross-linking fisada1919nsyuaunisa¥ie DNA ang
lysiReyin 1 ONA Msaasaragnatadrieiulianunsoassuasimdvlunisdluwivingmiums

Fprzd DNA aglvaivive RNA TR ua interstrand cross-linking e lédnuaztianndn intrastrand cross-

linking

Hs glutathicne 5

§
&
ns s §

us su F
N oe-sH F \ H,0Q
~
"

metalivthiaonein

PN
H,N NI,

sUN 2 udnnIzurunssennmo esdumadaes cisplatin Taeil cisplatin azvinilfjiseniu cellular
components Al nucleophilic sites Vit DNA, RNA, proteins, membrane phospholipids way
sulfur-containing enzymes. (hitp/fiwww.chemcases.com/cisplat/cisplat 12 htm}



1"

FInBENeNITe alkylation AeWialin alkylation i N7 284 guanine (N7 position 3849 guanine tu
DNA Wl strong nucleophilic group) asinldifianisilaeuulasil DNA wanetsznisie Taseaieana
- < o= =4 = 8 3 = e .

guanine base At liianisuanaidlaeanlfevresrainliluenanes guanine base wanaan
anant DNA Huaialisna DNA 198 ibfiAe mispairing TagasamnsnAuAR thymine unw cytosine
naintazifsdulursuinaifimsdaamzd DNA a8 lminiild DNA analwintiaUnfldanidu eehalsd
psaadauluiissundanicny DNA (DNA repairing system) Taflutifideuusn DNA #fiadnatindudu
UnAlpaiieulfaiuinemen alkyl group 880410 06 1849 guanine, N3 184 adenine Waz N7 183
. v e o . P , . e - M
guanine \WuaAU Asdumaand repairing enzymes NINMAEIWE RATANITOTDRITN DNA NimUnAvauum s

] -:lI 24 t & ’u’/ - 1=l ] o : . ] - 1 =4
raufiandhgnisudaaadaselu Aazkifinanszaule q dennsa¥ro DNA anelmiuaznisudagad agneled
auANTIALNRan DNA aeifeniiy intrastrand cross-linking anunsoteswsnlFandtauiiaunih

VIArU DNA 889238191 interstrand cross-linking NM31ia interstrand cross-linking Autlunalnd Aty nes

cisplatin Junaiueninennzie

cisplatin AATUFINIAVATUAN WHRANTITLTN DNA replication uaz DNA transcription {anannid

%1 mitrochondria gniinane Iiamseifie ATPase activity innsulasuwlasses cellular transport

1
=

system \fim apoptosis necrosis ii# inflammation uazifA cell death Tufiga (Bouiikas and Vougiouka, 2003;
Jo et al., 2005)
p ar = P ° ' ' G 2 o Lo s el 0 o v
Wasaneninmuzidaduehiianusmnsseraduad RAgsiateEasynaadiiiaua
adimadnziuatadlng suhuaaduniifididnsmmauteadgs duaadlanszan adiflaymiain
o =4 3 B = . . 2 4 2 = '
asuanTadsInnAgninana it anslufeeeeen cisplatn 6 anniseauldanFouadnguu
o . , = 2 o n oy oG o =
nsnelanszgnisenainesdlsznausing ) vaudesasdosal erawmnguenainidaienn i Talin

A1 WU Ao Tz U ulssawRd Aty vou Wusay (ototoxicity) WerResruulszarndiulans (peripheral

neuropathy} (Rabik and Dolan, 2007) MeAAEMLAe A (renal damage) (Mishima et al., 2008) nMe
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WuResoln {nephrotoxicity) wazM2 RN ey (acute renal failure, ARF) (Liu et al., 2008; Yildirim

et al., 2003)

H M.
a H N
OH
rd
\“"\
HsN HsN\
Pt
L _ H.N
DhNA F.-!en_oadduct Intrastrand Crosslinks
H.N  HN
N/ i ne

+ 4 L | ]

Interstrand Crozslink DNA-Protein Cros=zlink

gﬂ?i 3 nsduiueeddisna cisplatin iU DNA mﬂumaﬁ'(a) cisplatin 4UriU guanine VL&Y DNA (b)
cisptatin 1 Tanaduiu guanine 2 ﬁf}ﬁ DNA a"endinniiy (38nd, intrastrand crosslink (c)
cisptatin 1 Tanaduriu guanine 2 5% DNA Auazaamy (Fandn interstrand crosslink (d)
cisplatin AUNTU guanine UazBNWILALTY protein 38N71 DNA-protein crosslink (Rabik and
Dolan, 2007)

anupdrAmga i e amnnilufusinaataaiewizetnadie aaiuiysielofe
A N I Y , _ R N PR
cisplatin Vmgﬂ’mgim"ﬁam:mumuﬂmﬂﬁmmmd reactive oxygen species (ROS) SHHTLITIHBE AN
ROS ihilmanafteendriuiuesfsznauuardadladenafislfide e lleanilad ROS wuldandu
BYYABATE (radicals) Teiididnnrauliarug uasAbiduesyyaias (nonradicals) tneafiasFansaneywug
wanild asfilnuieaniled winanseanduaud (oxidants) 1éun O, (superoxide anion), H,0, (hydrogen

peroxide) WAy hydroxyl radicals {Kruidering et al., 1997) 1wy f19nmuawsiinisaineans ROS manil

BANNIRADAKAIINATTLANM s AtULIAIANs (metabolism) AuLNAIeas1ame 11 PMENLATTY
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u o 4w o o X , oA 1 =
anse s Iiiundsnudassedgeaniiay uazanagaiuhiunanae vy dalinmsiade luannzlnd
' = = - ] -t 1) = ar L4 = A kg
fnnmearinszuaumiauanaseenusudiua itbilinnifull Traenduassuayyedsssuieansinu
a o L. P Y K & A A e ar |
pandadt (antioxidants) wanaala widinszuaunsAuANwmataawTeaidelthiiaiinnzivn s Ros &
= Vel o e = ' e ar 1 PER] 2 = & - o o
unndfundisruumdneuyadary luimeasidnesnliuun TailusTiangadell fAasfisnisinandu
udussasadaluana (ladu arflutainss Tusiiu via DNA) waduasiliaidesin o GonduianinziaAies
o e . X N y =
FMNTNTELIUNIReNTiadU (oxidative stress) Tufranutu Teeyyadassifiusntaznszsuling
. . . - X i - T - e v o | as
oxidation 984 lipid nululana (Matsushima et af., 1998) Tat ROS visauyadaTy Azt hludedu
Py & o e @ L. Y e Vo . . ° @ = =t
Ae uTefuBidnnseued lipid ludleduiead3undn lipid peroxidation finldetadinamnudsmauazainisn
a |aaa o ey o = P o = - - a | My o 5 ua a
Wisljiseneandwdusedissandsananinhldd huanatu ieayiusludifugnild ¥inlffanend
. ca & 4 S . d o
anmEng 1 1essadviradleideniun Inensianaianandnily oxidative damage Faluanaithunieh
\Fim oxidative damage azusnsiteiuh auiLdn s amsd THa LATANNTULINTEIANIET oxidalive
stress WAAT wanaInt ROS davinliifianisanaszassininda ROS Hatlhutad 1is DNA damage \ianns
@8 transport protein nanaEla LiW Na /K -ATPase 1iin protein cross-linking waziiin cell death lufiga

(Rrennan, 1996; Thevenod, 2003}

NTEUALNAT lipid peroxidation Fiaduila uisodanatdanninininesssiuans
_ a4 54 . .
malondialdehyde (MDA) #58817814 1 miu products FBNMITUIUNITUEIAZLATIH LS nAranlun1suAn

pudindiu dauanalugli 4

msH cisplatin asnanasnn WiamadufisAenminnuaesdamsuléainnmaianszuaunis lipid
peroxidation intiulnilede landsinaldainnisfisiurees=ie malondialdehyde (MDA) (Antunes et af.,
2000: Silva et al., 2001) wazAIMIiNIUTelaf9  fanat TnaAinimemeaslaitluu T uion e

ponudatnfiaesls ldun dnsintsnTas wse glomerular filtration rate (GFR) usz nas AR eUasanat 4317

-5 - A a . . o & A a
1# vi78 renal plasma flow (RPF) 99asanaitlindan lipid peroxidation mululaduiseaninnazling
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\Bauwdy (Agarwal et al., 1995) uananilfedanaliatnsziy blood urea nitrogen s (Sueishi et af.,

2002) WAZAY sodium fractional excretion ARNTFUIFANSIE (Kim et al., 1995}

Aruguussraensufisdale waenzlEnedsunAuTuT TN ALAYAE s W uay
FLULIANAT [HEN ?‘)u%ﬂﬂﬂ’mﬁ;ﬂmﬁﬂ’nﬁm}mﬁﬁﬁ%[ﬂﬂﬂd AMNPBNUMIANEIBIAURTNIIRATAUDITE
2 cisplatin Aanamauaedlawudn Tunan 2-3 Juudensl cisplatin NMavsesRendianiaiaies
AR IMARDL TUIATZWIN 5-9 mgrkg BW Huaam renal plasma flow (RPF) an glomerularr filtration rate (GFR)
{RaN 79989 sodium LAy potassium B NLagY waziRIAD blood urea nitrogen (BUN) aginail

o

UBdNATUNNADH (Field et al., 1989; Nualplab and Hiranyachattada, 2000)

nalnTes cisplatin iR s duRndolrafanisasaung cisplatin # renal tubular cell Tntl
AN 83 segment 189uaaA LANaN4I1 proximal tubule (Blachley and Hill, 1981) uruludanaand
155y cisplatin TUNATZWINN (5-7.5 mo/kg) \Lulae1 4-7 S filada proximal tubular necrosis TRgWL
epithelial vacuolization, tubular swelling, tubular ditation Lmzﬂ'\iwudﬁmﬂuqaﬂjm tubular epithelium A&
uazil protein cast AnuAenulaamng histclogy 994 glomeruli HsntuiR st (Suzishi et al.,
2002: Yildirim ef af., 2003) prswlAsuuam histology “umlm‘éiuj uAAldiEL cisplatin AHIUINLAD
11 peritubular WA glomerular congestion, interstitial edema uaz inffammatory cell infiltration {Shirwaikar
et al, 2004) 21mFU distal tubule waz collecting duct ARFIENUATMAIMNENAYEA cisplatin i (Choie

et al., 1981; Megyesi et al., 1998; Shiraishi ef al., 2000a,b)
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Poly unsaturated
fatly acids e
(1) LH
Y
Lipid Radical : /\//\c_/
L* ’ ’ . s
h 4 -
Paroxyl Radical M
LOO* T Q-0
Y
3| Conjugated /\/\l/
dienic lipid
(2) Hydropercxides OOH

Peroxyl
Radical

Alkoxyl Radical
LO*

¥

Conjugaled

(3) Dienes

o] Decomposition
o Products

o
o I /\/\K
= T b

o
o] o g -
Pt Alkane
. A" s

=

X — - R
E Aldehydes -~ "‘-Lﬁ_-._j
3 (9) 1 Ethang ’
e ot
2

gﬂﬁ 4 uar3 products UAY pathways AN 7 IUH‘;‘:’L‘LI’JMT‘I’WT lipid peroxidation wusaY lUNHLAR
products wasian1se A dndureaaTil ) Fat wneat (1) polyunsaturated fatty acids
waz (2) lipid hydroperoxides W% FOX assay, HPLC 3D jodometric assay WHNHLa (3)
conjugated dienes 1475 uv spectroscopy (234 nm) BUIHLAY {4) isoprostances 1473
cyclization 184 arachidenic acid UA=AT GC/MS v3a immunclogical assays WHNHAT (5) MDA
TAZnaiszansd TBARS assays, GC/MS Wia HPLC winenat (6) HNE 133 HPLC winuaa (7)
dienals 1193 spectroscopy wineiat (8,9) alkanes 1REn13ing=éu breath gases tag GC/MS
vaNEme GC/MS = gas chromatography/mass spectrometry, HNE = 4-hydroxynonenal,
MDA = malondialdehyde, TBARS = thiobarbituric acid-reactive substances. (Dotan et af.,
2004)
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ﬂﬂiﬂﬂ’]ﬁ’ﬂﬂﬂqfﬁr‘nm cisplatin I lARNne nephrotoxicity LWay acute renal failure falinaiuud
in Lm’ﬁq'1Lﬁfﬁ'ﬂfﬁmf;umnﬁ%'i'}aw“ﬂ%mzﬁaﬁmmnm‘;"l,ﬁm cisplatin aziinavnliianeianwil
{(Masuda et al., 1994; Kruidering e{ al., 1997; Baliga et al., 1998) ‘lﬁ'a'm@Lﬁm’mmmmﬁmmm?ﬁﬂﬁh
antioxidant system ABITIINLLTU superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPX}, glutathione reductase (GR), glutathione s-transferase (GST), glutathicne (GSH), lipoic acid,
cemloplasmirlr, albumin, transferring; haptoglobin, hemopexin, uric acid, bilirubin, WAL cysteine | ?'nnf:]"d
mmziu%lu Lﬁu B-carotene, flavonoids, AnNdiuie, 73U wazinina (Zhang and Lindup, 1993; Weijl et
al., 1998; Greggi Antunes ef al., 2000; Francescato et al., 2001; Silva et al., 2001; Manscur et al., 2002;

Mora et af,, 2003; Yildirim et af., 2003; Naziroglu.et al., 2004; Badary et al., 2005; Atessahin et al., 2005;}

naiineyyadaszndans cisplatin axi lAaNszuILNg lipid peroxidation i renal tubule 34
danglfianiuin melondialdehyde (MDA) fq"L“Fiu%uﬂﬂﬁqﬁﬂfaﬁﬁﬁm%’iqﬁﬁmmfiﬂﬂg?wdu 20-200%
ﬂ'ﬂ‘dﬂﬁ‘ﬁlLﬁﬁ%uluLﬁﬂtﬁaﬁmiwm@ﬂq {Matsushima et al., 1998; Francescato et af., 2001; Graggi Antunes et
al., 2001; Silva ef al., 2001; Mansour ef al., 2002; Mdra et al., 2003; Yildirim et a/,, 2003; Badary et al,,

2005) waz renal cortical slices (Zhang and Lindup, 1993; Kim et al., 1997) T4AMHUANATNT045E61 MDA

BIRAANTUIALN TEHZIRT UAY species TRIRFINARES

M3RANONELRIANTHNRYYABASEABNNE nephrotoxicity

ansfueyyadastuaneiilanianiFlunsdudining oxidative stress uartlpariuning
T P . Lo P P va o ' a s oW a b
nephrotoxicity igndninlag cisplatin vieasfindu 18 InaliBidnarenunayyadarzinldayyadasziy
Tiflueuysddsein snddouasduldimsdnsmitasmunsinmuadrafodidisannnasidm

. N 4 k4 = 2/ T L - Ad' = é’ ar 4&'
cisplatin Inzmsliansiuewyadassdirdinidneuyadasyifsay deagdlunnsed 1
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A1S9N 1 19ATEY antioxidants WAt free radical scavengers Aleawnatn

damage figndniiiae cisplatin.
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118491 renal oxidative

Antioxidants and dose

of cisplatin administered

Protective effect

References

Aminoguanidine (peroxynitrite

scavenger) 100 mg/kg

+ cisplatin 7.5 mg/kyg

Bixin 2.5 or 5 mg/kg

+ cisplatin 5 mg/kg-

Catalase 500 U/ml and
pyruvate (hydrogen peroxide
scavenger) 10 mM

+ cisplatin 2 mM

Deferoxamineg 1 mM

{iron chelator) + cisplatin

25and 75 uM

Dimethylthicurea (hydroxy!
radical scavenger)
500 + 125 mg/kg + cisplatin

5 mglkg

Decreased serum urea and creatinine
concentrations, urine volume, urinary excretion of
albumin and GST, renal MDA level and kidney
weight énd increased GST and GSH-Px activities

in the kidney of Swiss albino rats

Reduced cisplatin-induced abnormal
metaphases and total number of chromosqme
aberrations, inhibied an increase in lipid
peroxidation and-renal GSH depletion induced

by cisplatin in Wistar rats

Partially prevented necrotic cell death in primary

culture of rabbit proximal tubules

Completely prevented generation of ROS as
determined by the flucrescence probe Dih 123 in

porcine proximat tubular cells

Associated with less accumulation of MDA, less
tubular damage and enhanced expression of
prolfiferating cell nuclear antigen in the damaged

fubular cells

Mansour et al., 2002

Silva et al., 2001

Baek et al., 2003

Kruidering et al., 1997

Matsushima et al.,

1993
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o - L . ' . » o
519N 1 BUALDY antioxidants WA free radical scavengers finmeewinatunndlasiu renal oxidative

damage ﬁgn%’nﬁﬂrﬂﬂ cisplatin (AB)

Antioxidants and dose

of cisplatin administered

Protective effect

References

Dimethylthiourea (hydroxyl
radical scavenger)
500 + 125 mg/kg +

cisplatin 5 mg/kg

30 mM + cisplatin 50 uM
and 2 mM

Edavarone 1-10 mg/kg

+ cisplatin 5-10 mg/kg

Erdostein 10 mg/kg

+ cisplatin 7 mg/kg

lsoeugenot 10 mg/kg

+ cisplatin 3 mg/kg

Lecithirized superoxide
dismutase (superoxide
anion scavenger)

3000 U/kg + cisplatin

5 ma/kg

Inhibited cytochrome ¢ release from

mitochondria and caspase-3 activation in M117

and LLC-PK1 cells, prevented increase in

serum creatinine level and fractional excretion

of Na+ in New Zealand white rabbits

inhibited apeptotic cell death in primary culture

of rabbit proximal tubules

Reversed the cisplatin-induced elevation of

BUN and serum creatinine and morphological

changes, including vacuolation, necrosis and

protein casts in Wistar rats

Reduced depletion in the tissue CAT, GSH-Px

and SOD aclivities, attenuated increase in
plasma creatinine, BUN, tissue MDA, nitric
oxide levels and provided a histologicaily-
proven protection against cisplatin-induced

ARF in Wistar albino rats

Prevented body weight reduclion and

BUN and serum creatinine elevation in rats

Altenuated the increase in serum creatinine,

preservation of RBF and increased urinary
cyclic guanosine monophosphate (cGMP)

excretion in Sprague-Dawtey rals

Baek et al., 2003

Sueishi et al., 2002

Yildirim et al,, 2003

Rao et al., 1999

Matsushima et al.,

1698
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PNTI9M 1 THATEY antioxidants 4a free radical scavengers ARINENWINANINTIA4TL renal oxidative

damage Migndminlng cisplatin (#8)

Antioxidants and dose

of cisplatin administered

Protective effect

References

Lycepene 4 mg/kg

+ cisplatin 7 mg/kg

Naringenin 20 mg/kg

+ cisptatin 7 mg/kg

Diphenyl-p-
phenylenediaming
20 UM + cisplatin
25and 75 uM
Salviae radix extract
0.65% + cisplatin

5 mg/kg

Selenium {(sodium
selenite) 2 mg/kag
+ cisplatin 15-25

mmol/kg

Decreased plasma creatinine and urea,
provided marked normalization in kidney lissue
MDA and

GSH .concentfation, increased CAT aciivity.
reduced tubular necrosis in Sprague-Dawley

rats

Reduced serum urea and creatinine
concentrations, pélyuria, body weight loss,
urinary fractional excrelion of Na+ and GST
activity, increased creatinine clearance, SQD,
GSH-Px and CAT activities, improved alteration
in renal lipid peroxidation and GST activity in

Wistar rats

Completely prevented generation of ROS as
determined by the fluorescence probe Dih 123

in porcine proximat tubutar cells

Decreased lipid peroxidation, serum creatining
levels, fractional excretion of Na+ and renal
morphological changes and increased GFR in
rabbits, reduced lactate dehydrogenase
release and lipid peroxidation and increased

PAH uptake in renal cortical slices

Reduced BUN and plasma creatinine levels in

mice

Atesszhin et al., 2005

Badary et al., 2005

Kruidering et al., 1997

Jeong et al.,, 2001

Satoh et al., 1992
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A1519N 1 IUAES antioxidants UAY free radical scavengers FiTeeutanilasiu renal oxidative

damage ngndntihing cisplatin (ria)

Antioxidants and dose

of cisplatin administered

Protective effect

References

Selenium (sodium
selenite) 2 mgr/kg

+ cisplatin 5 mg/kg

Selenium 1.5 mg/kg

+ cisplatin 6 mg/kg

Sodium benzoate
(hydroxy! radical
scavenger)

600 + 300 mg/kg

+ cisplatin 5 mg/kg
Vilamin C 2.5 g/kg

+ cisplatin 6 mg/kg

Vitamin C 50, 100 and
200 mg/kg

+ cisplatin 5 myrkg
Vitamin E 1 g/kg

+ cisplatin 6 mg/kg

Vitamin E 1 g/kg

+ cisplatin & mg/kg

Decreased the effect of cisplatin on -
creatining, renal MDA levels and kidney

necrosis in Wistar rats

Increased renal GSH-Px activity and
B-carotene, vitamin E and GSH levels,

decreased MDA levels in Wistar rats

Attenuated tubular damage, as documented
by the histologic examination and the
measurement of urinary NAG isoenzyme B

aclivity excretion

Reduced BUN and urinary protein excretion

in Wistar rats

Decreased serum creatinine levels and
increased GSH levels and creatinine

clearance

Increased vitamin E concentration in kidney
and decreased urinary volume, urinary

protein excretion and BUN in Wistar rats

Increased renal GSH-Px aclivity and
B-carotene, vitamin E and GSH levels,

decreased MDA fevels in Wistar rats

Francescato et al.,

2001

Naziroglu et al., 2004

Matsushima et al.,

1998

Appenroth et al., 1997

- Greggi Antunes et al.,

2000

Appenroth et al., 1997

Naziroglu et al., 2004
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v o oW A ve a a o P T I Vo
wananmeulummeaisuuds donmesesluwn@laiy Iaduuarinniiug neuldfy methyi
parathion Fafluas Wifinnns e @ruwdiaguii wudissiu MDA 1eulietelnanaantine

*
v

ﬁ'ﬁziﬁﬁfymmﬁﬁLLﬂ:ﬁm'reﬁ@umeLﬂ@;ﬂﬂ‘lﬂﬁgnﬁ’m’mmnm's‘lﬁfu methy! parathion L?jﬂtﬂﬂuﬁuwnquﬂ
18711 methyl patathion iNBeatRen (Kalender et al, 2007) UALTTUNUATRATBIAITNUBYYATATY
ligustrazine ?ﬁqLﬂuﬁﬂnmgu'lwﬁ'u%qLﬁ'ﬁmﬁﬁwwﬁmﬁﬂmcugl.féwi’iwﬂuﬂmmﬁ 50 uaz 100 mg/kg/day
Duimn 7 Fusteiastu uasEuda cisplatin Ui 2 1unm 8 mgkg Winisvasaidenn axiinarinlfsziu
urinary protein, urinary N-acetyl-beta'-D-qucosaminidase, serum creatinine, blood urea nitrogen, MDA
Az Wﬂﬂga"nﬂ’;"ﬂ’aﬂﬁﬂ Lﬁ@lmﬁgnﬁ'}mﬂnﬁuzﬁnm:ﬂnﬁ (Liu et af., 2008)

arnglsAmalunsAneRouiiauszms sy antioxidants An$19NIEAS glutathione FugNs
3N nuclecphiles 1Y sodium thiosulfate, N-mel;xyl—D—qucamine dithiocarbamate way S-2-(3-

aminopropylamino) ethylphosphorothioic acid (WR-2721) Tunnsilaariu nephrotoxicity 470 cisplatin wudn

glutathione Tafaniaairsluianaaauyadaszay Wnanndasildananaian (Jones et al., 1991)

=5 i e [y ar =3 e -
NV ENNAFTTINELARXLNATINANDRBIRITRNAINNTLAAB VWA (Hibiscus sabdariffa)

NITAtLLANITE Roselle II3eimunAnans An Hibiscus sabdariffa Linn. dluitluned Malvaceae
Fnungnangnemnsafiflufiedugn engiiu 1 1 dviuuasiainiidsasenias aeulundnan 3-5 uan
v & A = =] = LA A
adnatiafia Mutugng sendusenimsnauialwyAwdeaiianuy sensansssrantzuiniauazly denau
] = 5 by e o = 1 = 1 =) wed A q‘l‘ as
saninendulansazannalun) Tansuzunuazude Ruavensng deaunzyn nadunsiindudaaslulssdu

Waag (R, 2539)
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51U 5 AANUAYNALIAENTBINTEARUUAY (Hibiscus sabdariffa L.)

ansfnulunAuAsmeanssitsuLasinansiia Adndyldun 1) indaus wu agiifley uaaiFon
wian wuniidsy dan=Ad Taniflan (Falade et al, 2005) 2) nsaawyid LW R8T (Falade et al., 2005) was
3) a1stsznaviuea (polypheholic compound) 1éun protocatechuic acid, Hibiscus anthocyanin,
delphinidin 3-glucoside waz quercetin (Tseng et al., 1996; Duh and Yen., 1997; Tseng et al., 1998; Tsai

et al, 2002) UJFNUALAENTATIAMNAT A HuA luANT19n 2

= . " v oo A . 4 44, ¥
ATINATUTBINTLALY uaalumnfusnneae msldnawiaeeninuniumAresAnTadaswingsui e
uaznin ligoumniossseniuanas (1ad3, 2534) uadetaeduilaanns il uazlsamaduilaann:
Fnau dredananvisszinnlaiu drassung dreinmuasieaiulsadensenann i TIELAATATINITYA
= & e = - g ' L. = =
FUUAANDADA (IUA, 2539 WAT Wi, 2534) wananRiadmenuindu folk medicine naangna
antiseptic, aphrodisiac, astringent, resclvent, cholagogue, digestive, diuretic uaziilueninmn abscess,

heart ailment Waz hypertension (Perry, 1980)
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= o ar a & . .
ONERARMEAUIADALAZTUUAA1IZIRI8TENRANNTLIRLURN (Hibiscus sabdariffa)

rsnpasInRAdinwUItALle essential hypertension Lﬁ@ﬁuﬁmsmﬁaunnf?ului:ﬂmmwﬁq
Ao WannuiMudananadauaznisiy sodium famnatlasazifunniy (Haiji Faraji and Haji Tarkhani,
1999: Herrera-Arellano et al., 2004) dmmméme‘lﬁﬁwﬁu wirasaRasnnazEnuaeaein el
mwamL%'?aﬂﬁ'mfaqwtﬁwﬁaam:r.mmeamﬂuﬂﬁmaﬂummﬂmmﬁm&'@mu:m_l dose-dependent 6N
é"f}rﬁ’a‘lﬁmuﬁdﬁnainn’ma'anqwqﬁr'&ummmmﬂuﬁmﬁfﬂﬁﬁmﬁ:mu acetyicholine-like uaz histamine-like
mechanism Tun1svinlivaanGastanasn (Adegunloye et al., 1996) u’aﬂmﬂﬁﬁeﬁmm’mﬁmmﬂuu‘ﬁmm
mmﬁmmnn?u‘é’;ﬂuLLmé’qﬂﬁﬂummhmﬁm%amuﬁu dosé—dependeﬁt ﬁ'ﬂumgﬂﬂﬁm:ugmmﬁmﬁm
@d%@Lmu spontaneous (Onyenekwe et al., 1999) LiUUﬂ’J’mﬁuLﬁﬂmﬂeﬁQﬂ’ﬁ'ﬂﬁ’lﬁ’mmﬁ@ (salt-induced

a0

hypertension) ¥38 L-NAME (Mojiminiyi et al., 2007) uazitiuanufuiaaageigndnilnida 2-kidney, 1-clip

renovascular hypertension (Odigie et af., 2003)

]
= B

iaennenianmasemainar ifuasngenigndntnds 2-kidney, 1-clip renovascular

U
hyperiension thafundaslnansaiunisfinauyadass 027 Menaduaugininisrauausanmasn

\ABAR® nitrovasodilators AR {Heitzer et al,, 1999)

nsAnenalnniseenyns umsaaanfadeniaginldussndentenefavesaisatanain
NIZRLLLMAIY methanol 1TuRas A endothelim-derived nitric oxide/cGMP relaxant pathway Wi Mg
FLEINMINNINEDY calcium influx H11UN14 receptor-gated charnels (Ajay et al., 2007) Wiap1atunaln

19Ul angiotensin converting enzyme (Jonadet ef af., 1990)
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Chemical constituents

Detection method

References

. Total an.thoc':yanins (am.ount)
{2.5%)
{0.96 g/kg)
(57 ma/kg)
(14.74 g/kg)
Delphinidin-&glucoside (0.3 g/kg)

Delphinidin—B-samb.ubioside (8.16 g/kg)

Cyanidin-3- glucoside (18 mg/kg}

Cyanidin-3- sambubioside (6.26 g/kg)

Delphinidin-3-sambubioside
L-ascorbic acid
(625 mg/kg)
Total polyphenolic acid (1 .7%)
Total flavonoids (1.43%)

Protocatechuic acid

Hibiscus acid and its 6-methyl ester-

Aluminum, chromium, copper, iron,

manganese and nickel

Zinc, sodium and calcium

Calcium (9.7 g/kg), iron (177 mg/kg),

magnesium (2.2 g/kg) and zinc (28

mg/ka)

Spectrophotometer method
Colorimetric method

HPLC

HPLC

HPLC

HPLC

HPLC

HP-LC

2, 4-dinitro phenyl hydrazine
Fotin-Ciocaiteau method

Spectrophctometer method

HPLC

Electrothermal atomic

absorption spectrometry

Atomic absorption

spectrephotemetry

Chen et al., 2003

" Herrera-Arellano et al., 2004

Falade et al., 2005
Frank et al., 2005
Frank et al., 2005
Frank et al., 2005
Frank et al., 2005
Frank et al., 2005

Hou et al., 2005

Cbkoh and Elusiyan, 2004
Falade et al., 2005

Chen et al., 2003

Chen etal., 2003

Liu et al., 2005
Hansawasdi et al., 2000

Wrobel ef al., 2000

Oboh and Elusiyan, 2004

Falade et al., 2005
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AN TUARIAIEISANRAINNTERYUNAS (Hibiscus sabdariffa)

- aa o = PRI 1 5 o ) Y-
Nﬁ"'lf_lxl'mﬂ’]\'iﬂﬂuﬂ'tuﬂuﬂﬂﬁ%ﬂﬂﬂ'lwwﬂ\! u?q'ﬂiﬂﬂumni:wau‘;‘:ﬂ:umumwmﬁmwummm
creatinine, uric acid, citrate, tartrate, calcium, sodium, potassium LLax phosphate Tutlaanizanas u@nis

fu¥isa8¢ oxalate \wdn@ (Kirdpon et af., 1994)

ludndnaan (spontaneously hypertensive rat) HidTuansanaannawasanszmeuaeinu
naTWIU vananin rnsuae nanaud NI TEAU creatinine, cholesterol Uaz glucose l@nm
' o . . = - X = o 4 9 '
AARIUFTEAY uric acid TuamAnTuuaslTFuilaanziRnTusae (Onyenekwe et al., 1999) daunns
a e e o - X 3 4 ¥ ’ 5 et - ,
noaad uguivn ldfuansanaannauaeenssiRsusmailunamaedlaiinnismeaasmienudn
s¥AU sodium, potassium, chloride Wa bicarbonate IWABARAAILATEA creatinine LA urea LANTY
(Orisakwe et al., 2003) etinlsfinuninddauulasssiuaniarssing 1 ludeauaznisduiissaaismanniu
o a yar o - 5 - =W var
nutfaanyiiiaannnslfiuamaiasinnauifiansirguaassiuiuiBunuassesina i iuans
AANTR MRS IUaRNABASZYRIASANAAINNSTRHULAY (Hibiscus sabdariffa)
IFinsAnmananiiluniniuasdueuyedarcrasasannannesAuu LA in vito
WAT i vivo 1NUA TANNIANTNULL /n vitro WLAIANIERAAINEI1E T TENTRHUUANATHIOF LT

nesuIung lipid peroxidation PBIUTRAN HNAADUUIE 1 liposome model 1o (Tseng et al., 1996; Duh and

Yen, 1997, Suboh et al., 2004; Hirunpanich et af., 2005; Farombi and Fakoya ef al., 2005)

AaunsAnmAnand N nluansFueuaBAT TR AT AR INNIYIRLULAWILIL in vivo
duniTeeunthaguiu lseanuiznan LDL oxidation (Hirunpanich ef af., 2006) am sperm abnormality

uAg sNUNTTaRsTaneiled GSH, SOD, CAT uas MDA 13 {(Amin and Hamza, 2006)

= g

o nansainannnI s ULl asrlsznauTesasins < wanuaila uarsidnmeaseudnd

oty G

AnaNT R ey adast asdaAidin léiinan anthocyaning Uay protocatechuic acid (Wang et al.,

2000; Tsai etal, 2002; Lee et al., 2002)
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AN5197 3 UARIATINALM TN TNRAZNININATINE Y y 4RAAITANAANMNTIREILLAS (Hibiscus

sabdariffa Linn.}

Effects

References

Anti-analgesic and antipyretic activities
Anti-atherosclerotic effect

Antibacterial activity

Anti-clastogenic effect

Anti-hepatoma activity
Anti-inflammation and against ulceration
Antimutagenic effect

Antispasmecdic effect

Antitumor

Constipating agent, reducing the intensity

of diarrhea (inhibilor of intestinal motility)

Dafallah and al-Mustafa, 1996

Lee et al., 2002, Chen et al., 2003

Oboh and Elusiyan, 2004; Liu et al., 2005

Adetuiu et al., 2004 .

Lin et al., 2002

Cluzel et al,, 2002

Chewonarin et al., 1999;Farombi and Fakoya, 2005
Ali gt al., 1991

Tseng et al., 1998; Chang et al., 2005; Hou et al.,
2005; Lin et a/., 2005

Salah et al., 2002; Owutade ef al., 2004

Enzyme inhibitor
- a-chymotrypsin and trypsin
- porcrine pancreatic d-amylase

Hepatoprotective effect

Adipogenesis blocker

Hypolipidemic effect

Stimulate proliferation ang differentiation

of human keratinccytes

Abu-Tarboush and Ahmed, 1996
Hansawasdi et al., 2000; Hansawasdi et af., 2001
Tseng et al., 1997; Wang et al,, 2000; Ali et al., 2003

Lin et al., 2003; Amin and Hamza, 2005; Liu et al.,
2006

Kim et al., 2003

el-Saadany et al., 1991; Chen ef af,, 2003;
Hirunpanich et al., 2006

Brunold ef &/, 2004
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nguszaA

oo o . o X 5 y ¥
nmaselldRnlssaAnas AnmnaseansainaInnALAa N T ARt lun sy
assuauyadassienmsisudaunduifinanmedniiing cisplatin Twguiv Tnansdnsesu renal
melondialdehyde (MDA) WaT renal functions 1#un renal plasma flow, glomerular filtration rate, sodium
LAY potassium excretion WaY blood urea nitrogen (BUN) el clearance technique Tmﬂﬁmuuﬁgﬁmjm
MddtddnauanTRnTva s UL AT ATT 1998 EIRAINNALIRENTBINTERLUAIANE N LANHTD
AANTZLNUNNT lipid peroxidation Tnantsanliuin reant MDA, BUN uazaunsnilaanunsanaaeamn
GFR, RPF Tunnaz acute renat failure #ifinduannnisliien cisplatin auna 7.5 mg/kg luvgudninalils
2 c‘s} 2 ar ar = = d” A = ] Pr .
Foyariugrudmiumuswinlumsiannfsaguine inaetisthhiiwenesssuduivsalagafiaaan
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k2 ar =
g s TnENesa





