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Table 1. Effects of green tea polyphenol on serum creatinine and blood urea nitrogen

in CsA-treated rats

Table 2. Effects of green tea polyphenol on serum aldosterone and potassium in

CsA-treated rats

Table 3. Antioxidant effects of green tea polyphenol in CsA-treated rats -------------
Figure 1. Effects of green tea polyphenol on CsA-induced lipid peroxidation in the

kidneys of rats

Figure 2. Light microscopic findings in the kidneys of rats(PAS staining) ------------
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ABSTRACT

The Protective Effects of Green Tea Polyphenol

on Cyclosporine A- Induced Nephrotoxicity

Kim, Jung In
Adviser; Chung, Jong Hoon M.D., PhD
Department of Internal Medicine,

Graduate School of Chosun University

Purpose
Cyclosporine A (CsA) is a potent and effective immunosuppressive agent, but use is
frequently accompanied by severe nephrotoxicity. The causes for the renal toxicity of
CyA have not fully elucidated. Recently, the interest of many researchers has been
pointed to minimize these effects by pharmacological interventions. Green tea
polyphenol, (-)-epigallocatechin 3-O-gallate (EGCG), has potent antioxidants. For
the aims we tested whether the administration of green tea polyphenol prevents the
development of CyA-induced nephrotoxicity.
Method
The rats (n=20) were divided into 4 groups (n=5/group); group 1 (control group)
rats were intra peritoneal (IP) injected 0.9% saline solution, group 2 (CsA group)

received CsA 30 mg/Kg body weight daily for 21days by IP injection, group 3 (CsA



+L-NAME group) received ath the same dose above in addition to L-NAME 12
mmol/L daily by intramuscular injection. The group 4 (CsA + green tea polyphenol
group) received CsA 30 mg/Kg body weight daily for 21days by IP injection in
addition to green tea polyphenol 100mg/Kg by intramuscular injection. At last day,
upon sacrifice of the rats, blood urea nitrogen (BUN), creatinine, potassium and
aldosterone were measured and nephrectomy was done for morphological study,
malondialdehyde and antioxidative enzyme analysis.

Results

There were significant increased seum urea nitrogen (BUN) (48.5+£8.5 mg/dL), serum
creatinine (1.1+0.60mg/dL), malondialdehyde (3.09+0.20nmol/mL protein) and serum
aldosterone (10.2+3.5ng/dL) in group 2 compared to group 1(P<0.01). Serum

BUN(1.104+0.082mg/dL,), serum creatinine(0.51+0.045mg/dL) and malodialdehyde
(1.21+0.34nmol/mg protein) were significantly reduced in group 3 compared to group
2(p<0.01), but serum aldosterone and potassium levels were no change. Serum
BUN(23.1+£5.27mg/dL), serum creatinine(0.51+0.045mg/dL),

malondialdehyde(0.89+0.32nmol/mg protein) and serum aldosterone(12.02+4.63 ng/dL)

were significantly reduced in group 4 compared to group 2 (p<0.01), but serum
potassium level was no changes. In the histologic examination, there were proximal
tubular necroses and mild interstitial inflammation in the kidneys of rats in group 2 but
no significant pathologic changes in group 4 and group3.

Conclusion

Green tea polyphenol protect against CyA induced nephrotoxicity in the rats.



Reduction of oxidative stress and lipid peroxidation and aldosterone levels may be
responsible for the protective effect of Green tea polyphenol on CyA-induced structural
and functional alternations of the kidney.

Key words

Green tea polyphenol, cyclosporine A, nephrotoxicity, aldosterone, Lipid peroxidation
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A. Green Tea Polyphenol

=X FEES MY EMAO|H =X2FE hot-water extract S 0| 23510 F
E5t%ch M4 ME2 polyphenol (57%), amino acid (11%), F2l 2 (maltose, fructose,

glucose) (9%), inorganic substance (kallium, calcium, magnesium) (16%) caffeine (1%)0|Ct,
O0|Z polyphenol 2| FAHRAE= (-)-epigallocatechin  3-O-gallate  (28.0%), (-)-
epigallocatechin (15.0%), (+)-gallocatechin (14.8%), (-)-epicatechin (7.0%), (+)-catechin

(3.5%), (-)-gallocatechin 3-O-gallate (9.6%), (-)-epicatechin 3-O-gallate (4.6%)0| i C.

B. A¥& rats &=H|2} XX|

Al Z rats 2 Spague-Dawley 2 71 20 Ol2[0|0d ZFFH = 200-250gm O At

0o15t¥ 20, 3 & (n=5)2 SLH2| AO|ZEAXZES S WE FOoI5tHA L-
NAME (N-nitro-L-arginine-methylester, iNOS inhibitor, Sigma) 12mmol/L 2 =5 FA}st
X[, 4 T (n=5)2 SLH AMO|EEAEEZS =S4 WE FO0{5tHA green tea

polyphenol € 100mg/Kg 2 =5 FAISIRUCE L-NAME 2} green tea polyphenol 2 2
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glutathione(GSH)2 Ellman 2 0|85l A=
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superoxide dismutase(SOD), glutathione peroxidase(GPx),

glutathione-S-transferase(GST)2 Z+Zt =& st Ct.
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1. cyclosporineA 8% skt
21 Y7t AOIEEREAEE CHE FoiFnt AOIEEAEED L-NAME (iNOS

inhibitor, N-nitro-L-arginine-methylester) %-& S0{7, AIO|2Z2AXTI 1} green tea

polyphenol & F0{Z7te| AO|EE2AXE EF Sst= AOIEEAXE EHE
0170|  5432+1089ng/mL O, APO|EEAEEIT |L-NAME HEF0HI2
5621+1289ng/mL O|FH 204, AlO|EZAZL2IT} green tea polyphenol HE Foiz

5765+1320ng/mL 2 A8 o2 xto|7} ¢l Ch p<0.05).

2. 7|5 AL X[F| ier &2t

M7l HAF XIZZM EF BUN, creatinine 2 S35 CH (ADVIA 1650, Bayer,
USA). H4&F tix=ZolA & BUN 2 20.1+1.29 mg/dL 0| 10 & & creatinine 2
0.32+0.055 mg/dL O|ICh & BUN X|= AlO|22AZ2 CHE S0{22 485+
4.95mg/dL © & MAF Cf =20l H|5t0 Fo|5tH Z7HeH% 20 (p<0.01),
AO| 22 AZEID} L-NAME H& S0{70i[Al= 1.104+0.082 mg/dL 0|4 12,
AO|22A X231t green tea polyphenol HE F0{F= 23.145.27mg/dL =
AOIE2E2AXEE tH=E FoiFo| H|stod QoA HAFHCHp<0.01). EEH

creatinine T ANO|EEAXZZ HE F0{ZOA= 1.10+0.082mg/dL = Hat



rlo

iz=Ztoll  H[stod 2ol B7tstden, L-NAME H&8 Foiz
0.51+0.045mg/dL 2} green tea polyphenol & 5F0i72 0.48+0.084mg/dL =

Aol 22 A% S Foiol H|5t0| R2[5HA 2519 THp<0.01,Table 1).

= AOIEE2AXEE CF FO0{Z2 1202+4.63ngdL =2 HA
=0l H[5td Fol5HH F7tetA 204(p<0.01), AOIZE2AZEZITE L-NAME
HE F0{72 11.81+2.7IngldL 2 AlO|Z22AEZ chE FoiZnt FolF xlo|E
HOo|X] 2, AO|EZAEEITL green tea polyphenol BHE FOo{ZoME=
8.16+4.39ng/dL o0& Afo|Z2RAZEEl ctE  Eo{Fo| Hl[slo] g2l
2459 chp<0.01). X ZE SE= L-NAME #HE Fo{zZ2 100+
0.48mmol/L ¥} green tea polyphenol W& F0iZ2 9.9+0.34mmol/L =

Aol 2 2L =B ChE Fo{Zol| B[St F2|gt Xto|= |IRAUTH Table 2).

4, AMFE =Z°| malondialdehyde ol Cfst &1}

A& Tpatst X|FEZAM AT E 2| mitochondria 2| malondialdehyde(nmol/mg protein)

ol

£ Zds5IUcth Malondialdehyde s+ A& fE=F0o|lM= 0.71+0.21nmol/mg



protein 0|1 20{, AO|E2E2AXE th= F0{Z0|AM= 3.09+ 0.20nmol/mg protein =

Yo tix=Toll 8|5t 2|27 BIISIACE AO[22A X L-NAME &8 F

(@]

i = 1.21+ 0.34nmol/mg protein 2t ALO|Z E AL ZI1} green tea polyphenol HE& F

0172 0.89 + 0.32nmol/mg protein 2 AIO|E2AZEl CHE FoiFo| H|5t0] 2[2[U

—

A &5k 10 (p<0.01) M4k th=of| slaiM= Xto[Z7t 81U EH(Figure 1).

5. &Mst 40 ofsk &)

sHotst 2o of st X|E2A] glutathione(GSH), catalase, superoxide dismutase(SOD),
glutathione peroxidase(GPx), glutathione reductase(GR), glutathione-S-transferase(GST)&
212t £EH™5IUCE GSH = AOIEEAEE thE Fo{FolAM 131462 2 A
of =20l v|5to] Fol5tH ZA3IH 20, AlO|EZA 2211} green tea polyphenol
HE F0oiZolME= 201+123 2 AO|E2AXE Chx F0o{Zo| dH|st0{ Fo|stA
Z7t= o LH(p<0.05) MAat =0l HlsiME O e #xZE 2Ech o|so
catalase, superoxide dismutase(SOD), glutathione peroxidase(GPx), glutathione
reductase(GR),  glutathione-S-transferase(GST) &M T7t Alo|E2AxEl  Ch=x
FoHoME & oix=Fof| H[Sto] F2lshA A= U204 (p<0.05), L-NAME
#HE F09ZZ green tea polyphenol HE FOo{FolAM AIEZAZE ChF

Foizoll dlshM F2lstAl E7H= ATH p<0.05,Table 3).
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Table 1. Effect of green tea polyphenol on serum creatinine and blood urea nitrogen

in CsA-treated rats

Serum BUN Serum Creatinine
(mg/dL) (mg/dL)
Group 1
20.1+1.29 0.32+ 0.055
(Control)
Group 2
48.5+ 4.95 1.10+ 0.082"
(CsA)
Group 3
25.7+7.08™ 0.51+0.045"
(CsA + L-NAME)
Group 4
23.145.27" 0.48+0.084™
(CsA + green tea polyphenol)

Data are expressed as meantSD. CsA: Cyclosporine-A, L-NAME (N-nitro-L-
arginine-methylester, iNOS inhibitor), BUN: blood urea nitrogen. p<0.01 as compared

to group 1. p<0.01 as compared to group 2.



Table 2. Effects of green tea polyphenol on serum aldosterone and

potassium in CsA-treated rats.

Serum aldosterone Serum potassium
(ng/dL) (mmol/L)
Group 1
7.94 £+ 3.72 10.5 + 1.48
(Control)
Group 2 N
12.02 + 4.63 9.4 + 0.26
(CsA)
Group 3
11.81 £ 2.71 10.0 £ 0.48
(CsA + L-NAME)
Group 4 N
8.16 =+ 4.39 99 + 0.34
(CsA + green tea polyphenol)

Data are expressed as mean+SD. CsA: Cyclosporine-A, L-NAME (iNOS inhibitor:

inducible nitric oxide synthase inhibitor)."p<0.01 as compared to group 1. “p<0.01 as

compared to group 2.




Table 3. Antioxidant effects of green tea polyphenol in CsA-treated rats

Group 3 Group 4

Parameter G (rcogrﬁ)trlol) G ro(lég A?) (CsA+L- (CsA + green tea

NAME ) polyphenol)

GSH 240 + 80 |131 + 6.2° 183 + 1157 201 + 12.37
Catalase 64.7 + 3.2 |425 + 2.0° 55.4 + 227 59.8 + 2.3
SOD 555 + 1.5 |[307 + 11" 50.1 + 1.2" 578 + 1.7
GPx 1604 + 85 |115.1 + 7.5 |148.7 + 8.1" 170.1 + 9.2
GR 15.3 + 0.33 |5.88 + 0.22° |9.21 + 0.28" 12.1 + 0.29”
GST 120 + 7.4 99 + 8.8" 115 + 517 118 + 65

CsA: Cyclosporine-A, L-NAME (iNOS inhibitor: inducible nitric oxide synthase

inhibitor) GSH: glutathione, SOD: superoxide dismutase, GPx: glutathione peroxidase,

GR: glutathione reductase, GST: glutathione-S-transferase. 'p<0.05 as compared to

group 1. “'p<0.05 as compared to group 3.
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Figure 1. Effects of green tea polyphenol on CsA-induced lipid
peroxidation in the kidneys of rats. The malondialdehyde levels increased in
cyclosporine-A treated group but significantly decreased in CsA plus L-NAME and
CyA plus green tea polyphenol group. ‘p<0.01 compared to control group. = p<0.01

compared to cyclsporine-A treated group.



Figure 3. Light microscopic findings in the kidneys of rats(PAS staining). (A, B)
0.9% saline injected control group. (C, D) CsA treated group. (E, F) CsA plus L-NAME
(iNOS inhibitor) treated group. (G, H) CsA plus green tea polyphenol treated group.
Microscopic magnification (A, C, E, G) 400x, (B, D, F, H) 100x. There are proximal tubular
necrosis and mild interstitial inflammation in the kidneys of rats after CsA treatment(C, D)
but no significant pathologic changes in CyA plus green tea polyphenol treated group (E, F)
and L-NAME treated group (G, H).
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oxygen species; ROS)2 012{ 7(X|2 Cist 282 LIEPACEH & D5 TolM= Al
Zol| XFXel SME LIEX|EE ¥ U2 sToMeE MZ As Mek Bxtz =
3L FMAIe] MAL QIXfol| Fakg o|xlof ¥ 3 g0l 2MolE PEks O
X0 ¥ MzEol ZAl2 EZ I LE apoptosis B FESHE S O Cist A2
Stot BES A MAFI MFstel BAE EH HSA MAFT S HiY ol gzt
b e Aol g SIIAF| D B2Y) Hig
MFEAMEZAAM

MlzZol F0{3t™ collgen IlI, IV 2F TGF-b 2] mRNA
o MAFol  AIECl  H SA[ofEAE  (peroxynitrite)
MMP(matrix metallopreteinase)2| ol = = (post-translational activity)E <A &t

L 44-46)
NO 72| AlZXE 19 M7|2 Heel 22b7+ed, ZAl nitroglycerin S2| organic
oz X USACE 1980 ALY

nitrate —
endothelial-derived relaxing factor (EDRF)7} & &te| LHI| Al
&0}
=

IXtel A7t NO o] E+3{xl20{, NO 7t &

1}ik5| 91_7;_,
2Act 1980 4 Furchgott 2F Zawadzki *"7} &2 Lj |
3t 5o of g

Atoll elsto & 20| acetylcholine off &
0{, 1 o|= of ¢ =™ty & Fitz=
SAtsCt Y X|

o 7|2t i<

nitrite(NO2) 2+

A = A
Cln x2ez EIst olF 3 2t st
MM otch= Nitric oxide (NO)+= nitric oxide

nitrate(NO3) &
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