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8 9F : Streptozotocin (STZ, 45 mg/kg body weight) 22 FX=H Sprague Dawley (SD)A 471 3
Aol 5% &5& AAXNALS W, 3 = ot d(creatinine) ¥ blood urea nitrogen (BUN)S| 5o}
alkaline phosphatase (ALP), lactate dehydrogenase (LDH), aminotransferase (AST, ALT), 7F&eto}
Al(catalase), otdztobAl(amylase) E 2lotobA(lipase) B/l Pl FF= Lotkr] s & A=
gt A3, 7)2AolE FAIRl tixd(contro) ]l B2 BDt, 7|2A0] Addel 5% &5 &
ZBTE), T 79 APZBST)Q! A2F mdl o2 (control-diabetic)#t Ag AP (diabetic, BS)
o 5% a2 FoAX AYLCTHes Uit 59 @4 =doted % BUN 5% ALP,
AST 2 ALT 842 FARE AR 5% 259 w97t daAX ZAor SRl SDA 43 2
Aol @7 LDH &/42 BSwollA o143 Zolg Uetlin w2 B4S B o (p<0.05), 5% &7°
Fo7F T4 ETE UEWAE(p0.05). ZHaetolAl &/ BSTolA fodezs W 24 vs
AL, STl B4e F7HHTHp0.05). % obdetobA] 2 2o o] &4 5% a2 F°17t
Aar Zor RIS & A7 Ay, DA #4 AFE 53 in vivo A-IA 5% 259 A4
7F B, WQE it a4 2 3 715 ARl Rt Sl Ao R UETh

0|

FAo] : EF(Curcuma longa L.), Z2JolEH, 7F 7] &L, FFEefolR], 2jmols]
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Abstract : The purpose of this study was to investigate the improvement effect of turmeric
(Curcuma longa 1.) on the hepatic functional enzyme and catalase activity of streptozotocin
(STZ)-induced diabetic rats. Sprague-Dawley (SD) male rats were divided into four groups (7=6),
and fed experimental diets containing turmeric meal [basal diet+5% turmeric (BT), basal
diet+STZ+5% turmeric (ST)], and control (basal diet, BD), BS groups (basal diet+STZ). Serum
concentrations of creatinine and blood urea nitrogen (BUN) were significantly decreased (p<0.05)
by 5% turmeric supplementation diet. The activities of akaline phosphatase (ALP), lactate
dehydrogenase (LDH), aspartate transaminase (AST), alanine transaminase (ALT), amylase and
lipase were decreased in the BD, BT and ST group than BS group. The catalase (CAT) activity
was significantly increased (p<0.05) in turmeric supplementation diet (BT, ST group) than diabetic
group (BS). Furthermore, the activities of amylase and lipase in the sera of turmeric diet group
were significantly decreased (p<0.05). In vivo experiments with diabetic rats showed that ingestion
of turmeric supplementation diet were effective in creatinine concentration, and hepatic functional
enzyme activities.

Keywords : Turmeric (Curcuma longa L.), Creatinine, Hepatic tunctional enzyme,
Catalase, Lipase

1. M 2 £ glucose A7} ofu|lcAt HiAfe] oSt
AN ST R L S =L = P S v I |
A7} 74 Zingiberaceae) ol &ot= 2-2(Curcuma aminotransferase 84S A% Al7]= 2oz 4y
longa L) 2V, A%, A%, 4734 9 Hlk7] By gloHlel. &5 Sl ¥ calebin-A+
Al Foll A2A A8 G m5o] e AL curcuminoid® 874 AFAEwEE NAAIZIH, A
2 dEA QUoH12]. A" 5¢e WHaket B WA AL P 7l%e =49l aspartate
IOl pzEE Aol 5 EEA AEZo] MHy} aminotransferase (AST), alanine
Z7}5jo] & EWASE (atherosclerosis), T aminotransferase (ALT)9] &4& =4 st= A
AEHd ARES W 1AEF F A o2 Hixo] QoH17]. wEha] B AoAe=
AgHcoronary heart disease, CHD)¥} B&o] T 5% Ea< B9S8-S W, streptozotocin®E F
¥ (Diabetes mellitus)59] W S0 & Td g dF9 ¥4 creatinine Xk, blood
AA H Qi AHoR[345], ol&d A, urea  nitrogeng  H[XES  ALP, lactate
ok G225 oA AEZ W Y T At dehydrogenase, aminotransferase, 7} tobA]
Z530] 9L ZIMA7E Aoz A ok (catalase), obHztobAl(amylase) 2 2|mtobA]
(6,7 B Ql&d o&el A1Fdy dad (lipase) & %+ 71 B4 mAe a4o JF
H|OlERQl ARFer FEHL, ¢dad #H 9 < HuE &, HoledA Tled a4 Fo=
7' o2 TAEE 1dgo] Eoltt8]. Al 28 et AESH| fdste] AAIsHIH
Q I Ao p-Aze] A3 atae] ¢
g A AA FelE TAYHL[9], A2 Tt
< dad AP A Bl oste] HAYE 2, M2 ¥ WY
of 4 44 9 vvkE 53 TS weol
Ae Aem g QIrH3,10,11,12]. &2 & 21, 48 M=
Arsh FuEer 5o 28y g -glucosidase % &3 (Curcuma longa L) A A=Fszg
a-amylase o &4& Usido] A% et H<el(indo, Jeonnam, Korea)olX Yok,
9 d5E Tob ARE FkHel At Q= AFFAAZXEYELA, FDU-2000, Rikakikai
ZHor HIEo] QItH[13,14]. Aminotransferase Co., Tokyo, Japan) AIZ1 %, EH7][(HMF-
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3250S, Han-11 Co., Seoul, Korea)= utfigt ot
S -80C(DF-8514, 1I1-Shin BioBase Co.,
Daegu, Korea)oll 7ot 2 Agdof AMEsHTT

22 ¥ S=

B AFel 200+10 gl 75%E Sprague
Dawley (SD)Al 43 31F(Daehan Biolink Co.,
LTD, Fumseong, Korea)& +st, 5% 71
E(Ottogi, soybean oil, Anyang, Korea)& -
St Z|ZAlol2 15UTE oE|AbSste] H-GAIZ
I, JyH(randomized complete block design)
of Sty Z+ AHAY T ovEH 4=
metabolic cage (JD-C-71, Jeongdo, Korea)®l
Lol 537 A@ARSSITh Ad ARSAHS 2
TE 20+17C, AdEEE 50+10%%2 IA5H]
FAANF oM, HEe 12412H07:00  19:00) F
712 ZSIATHI8L. oAHlAbS 2 HEALS 5
TE A2 Fidgn FEAFELIHYF
S QA(PNU-2017-1422)7 & F=stof] AAH
At

2.3, AMo|x=d A MFF

Aojzx4gd 9 AT Table 13 Zr}, G’
Fstr] s SDA A 2AF el 0.01 M citrate
buffer (pH 4.6)2 H3JAIZ]  streptozotocin
(STZ, Sigma, USA, 45 mg/kg body weight)&
B2 U FAHIP injection)dlo] @S SEHAZ
o}, 7]122A0lE HAAX dET(contro) A4
(normal-nondiabetic)> BD<t, 84 A@of
5% &7 JoTBTH), Tk 84 AFALBST)
ol Azt mel thxF(control- diabetic)®} AgH
AP (diabetic)ell 5% Sa= FAAZ AATE
T2 Wit

2,4, 48 29 XX

A AR HE:de TARE AN &, TA
u}#] 7] (animal  inhalation narcosis  control,
SK-INC-1004, Daejong, Seoul, Korea)E A&
sto] CO2 gas mHFShl] Afd o= st
qom, PAe Fsto] 4CoA oF 1A FAIGH
3, 2087 B 3,000 cycle2 YRS &
S FHoll Aol AHgstlHisl

2.5. Creatinine 2 blood urea nitrogen

(BUN) 5= &%
Creatinine= Jaffe reaction ®'Ho] Fdlo] %

&5 (Curcuma longa 1.) 437t G 99 Aeoteld 2 2 715 Ba B4 miAe 9% 3

AE A2k (Fiken, Tokyo, Japan)o 2 dzER
217)(Hitachi 7150, Tokyo, Japan)& A}gad}o]
EA4st9t} Blood urea nitrogen (BUN)2 &4
Hof| oJ5] ZA|H Al2F(Eiken, Tokyo, Japan)<&
Argsle] APl 7| (Hitachi 7150, Tokyo,
Japan)2 EA54Tt.

2.6. 239 5284 &4

Alkaline  phosphatase ~ (ALP),  lactate
dehydrogenase (LDH), aspartate
aminotransferase (AST) L. alanine

aminotransferase (ALT) &4 =42 a4
ols]f ZA|E Al2F(Eiken, Tokyo, Japan)& AR
sto] AYslsHEA 7] (Hitachi 7150, Tokyo, Japan)
2 2A4stat @4 59 7hEEtotAl(catalase)
g2 mage] 9o =AE  Al¢K(Cayman
Chemical Company, Ann Arbor, Ml, USA)&
o]-gsto] ELISA reader (Model 550 Microplate
Reader, BIO-RAD, USA)Z 540 nmol|A] &435}
o mlL % nmolz EAST. ofmeiol
(amylase) 4 542 pNPG7THO=Z ZAH A
°F(Amylase, Roche, Indianapolis, USA)& ©o]&
st =4 AX|(Hitachi Modular, Tokyo,
Japan)2 EAstATh gotobA|(lipase) &/d-2 H]
A (Colorimetry)ell st ZAE 2ol =
g A2KLIPC, Roche, Indianapolis, USA)&
ol gsle]  AYS}SHEA 7|(Integra 800, Roche,
Basel, Switzerland)& Ahgdto] SA5HATt.

2.7. SA Xzl

A dlolele] BA ARle AT T FEt
I BEAERE JeERTE 2k 1] {eldd
AL one-way ANOVAR BA & p0.05 &F
oA Duncan's multiple range testo] €5to] Zt

g =23e IBM SPSS statistic ver. 225 Ab
|5kt

3. Zot 9 nF

3.1, Creatinine St
Creatinine®] T Table 29} Zth dk &
grtel BS#EOl 5% 239 F9H(STH2
1.31+£0.02 mg/dLZ2 Yeht T S BSH
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Table 1. Compositions of experimental diet and groups

(%)
ngredient Group” BD BT BS I»? ST (P)
?s?;i;,(g?giis, USA) 22,0 217 22.0 217
g?;nij%rigiusf)Louis, USA) 48.0 433 180 33
fg;reoilstdang, Incheon, Korea) 150 120 0 0
?sfgﬁffs eSt(.CESSiZS), USA) >0 >0 >0 >0
. 3
l(\f/llrlieglonr?:c({.ical(sg,62}i?§3)rnia, USA) 33 39 32 =
.
?/l\l/iiml;rilogéz.ical(sg,6gi?§g)rnia, USA) 1O 1.0 Lo H0
fg)}t,?oe;ir,l ggeonggido, Korea) >0 >0 > >0
Gurs, Tolgo Jopan 03 03 03 "
ggize é’tltallet: oo 0.2 0.2 0.2 0.2
Turmeric (Curcuma longa L.) - 5.0 - 5.0
Total 100.0 100.0 100.0 100.0

UBD : basal diet (control group). BT :

basal diet+5% turmeric (Curcuma longa 1.). BS

basal diet+ streptozotocin (STZ). ST : basal diet+streptozotocin (STZ)+5% turmeric (Curcuma

longa L.).

2TP : intraperitoneal injection (streptozotocin 45 mg/kg body weight :
soln (pH 4.6)) YAIN-93G-MX mineral mix.

Illkirch, France).

9] 1.4240.03 mg/dL Bt 942 #A4AE
ERH AITH(p<0.05). ESH di=(BD) ¥ 7|24
of 5% <79 JoFE®DAAME Z
0.74£0.02 ¥ 0.70+0.02 mg/dLZ F2]&21
ol AT 5% 27 FF T A
HATHp<0.05). 4 creatinine == HQ
AL FLet A A% 715 Brte] ol gEHE
o=z g5y gow21], A% Ao

creatinine FE8t THAEo] Q= AR H
ArH22]. 2 Ad 23, G 87 5% 2
9] Fo]&= creatinine =2 ZAE VR0

T

N O
- =

al

Rl et
> O Ok oxt sy B 24

L

1

P

0.01 M citrate buffer

YAIN-93-VX vitamin mix (MP Biomedicals,

4 7% el vt 9le Ao Az,

3.2. Blood urea nitrogen (BUN) S&E
2179 €4 BUNY| sk Table 29} Ztf.
G el BSwel 5% 2F9 FoE:
268+1.9 mg/dL2 UER}, BSH(31.8+1.7
mg/dL)oll H|gto] Fo]HQl Zolg Holm Zra
A7l Aoz UeRdtH(p<0.05). HZ2F(BD)
5% 259 JBIFBDE  16.0+12 %
14.8+1.4 mg/dLE2 UEoH, 5% &a2° J°]
7} BUNQ] 5= E TAARAAT -2 Aol
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Table 2. Effects of turmeric (Curcuma longa 1..) on serum creatinine and BUN concentration of
STZ-induced diabetic rats

(mg/dL)
Group” BD BT BS ST
Creatinine 0.74£0.02°  0.70£0.02*  1.42+0.03°  1.31£0.02"
BUN? 16.0+£1.2%Y 14.8+1.4° 31.8+1.7 26.8+1.9°

UBD : basal diet (control group). BT : basal diet+5% turmeric (Curcuma longa 1.). BS : basal
diet+ streptozotocin (STZ). ST : basal diett+streptozotocin (STZ)+5% turmeric (Curcuma longa
L.

YBUN : blood urea nitrogen.

9The data are presented as means+SD of 6 independent rats. Means with different letters are
significantly different (p<0.05) by Duncan’s multiple range tests.

A= Aoz FRIFTH(p<0.05). StreptozotocinC. 3.3. Alkaline phosphatase (ALP) &
2 §oH g FE ARES 0] FHlE o] BUN 31F¥e] &3 alkaline phosphatase (ALP)2] &
BES Z/M7lE Aom Huso] glod[yl, A& Fig 13 Tk Pu KA 5% &3

STZ (65 mg/kg)s E7F W FASH] ds & Fod#el ST#olA 301.8+£18.2 U/LE UERY,
w5t A4o] curcumin 15 9 30 mg/kge] AT Tk FUTA BSE(G4254215 U/L)O] Hla
Eol:= BUN %E2 ZAAA dno izt gl ol Aol S Koo ZFAAZTH(p<0.05). BD
= Aoz HUSATH20l B AgelA 5% &2 i % BTEolA 26384200 @ 261.5+19.8
o] Zolz} 3] BUN BE2 7ZHAAZl Ao U/L2 #EEQdth. STZ= Qg SFe] 24
T QI ALP /9] F7h= Tt=Ado] yehdt IHA|aL 7]

HAolAl dREY] WEo ot Zer Hilxo]

500.0

400.0

300.0

200.0

100.0

0.0

Alkaline phesphatase activity (U/L)

Group!!

Fig. 1. Effects of turmeric (Curcuma longa L.) on serum alkaline phosphatase (ALP) activity of
STZ-induced diabetic rats.
YBD : basal diet (control group). BT : basal diet+5% turmeric (Curcuma longa L.). BS :
basal diet+streptozotocin  (STZ). ST : basal diet+streptozotocin  (STZ)+5% turmeric
(Curcuma longa L.).
YThe data are presented as means+SD of 6 independent rats. Means with different letters
are significantly different (p<0.05) by Duncan’s multiple range tests.
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03], Tk fuEel 5% £@e] Foi7t ALP
WAE vehRe] gAWA Adel wubt
Ao Mg

20, ek 30
flo ox <L

3.4, Lactate dehydrogenase (LDH) &4

Lactate dehydrogenase (LDH) €/ Fig. 2
¢ ot g 8T 5% &5 Fov] ST
2 1221.5+497.6 U/LZ Yety, d FEQd
BSt(1421.3+£98.9 U/L)3} HlWsIH-E wf 59
2t ZpolE Holm TAAATH(p0.05). BDF ¥
BTolA 1159.5£99.5 ¥ 1162.74£97.6 U/L=
et o, 249 ol gle AR ZRIsked
tt. LDHE AlZ2Ze] EAlsks aazA Az ¥
AHnecrosis)2} &Y, AT7EM, 1HEgE Aot
TAARE, AER 295 9 4 o Wy
sk AeHd o] €% LDH Alo] ZF7iEe A
o7 d#HA QH24,25]. 2 A Ay I
oA Fo4dQl ZolE Y =2 &4
Ueto] STZZ QIt ®HEgrd Aee] 7]<]
Aoz JaEn, 5% 232 Fol7t Fo49
A5 YERATHp<0.05).

oy it mlo o

3.5. Aminotransferase (AST, ALT) &M
g3l A aspartate aminotransferase (AST)

9 alanine aminotransferase (ALT) 242 Fig.

33 Aot AST 9 ALT 242 FARE Aoz

ra
]
3
o
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Uehgdth ASTE ST#ollA 80.9+3.5 U/LE W
Eht, BS(88.5+3.9 U/L)wd H|WSIHE o &
o3l ZAE FASHAH(p<0.05). BD ¥ BT
oAl ztzZt 73.843.7 W 68.5+3.2 U/LZ ey}
om, BTHoA x| HAE FRlstdoyt ¢
oFel Aol YATH(p<0.05). ALTE STollA]
425+1.8 U/L2 BS#(47.3+2.1 U/L)°| H|5|
Fo)HQl Afolg Holw Ao THAE FRISHS
tH(p<0.05). BDw @ BTZolA 39.4+25 9
38.5+2.6 U/L2 UER} BTHAA A4S 44
ABARE, oAl 2ol glAtH(p<0.05). A%
7+ 5 oA AEZo|A AST 9D ALT 4L 4
FHT s [26], 5% 259 Jod= AST ¥
ALT &40 4= 24 9 FAgAL 75 A4
of &3t & Ao AtgHLt

3.6. 7IEt2totA|(catalase) &M

H F9 sh2EtotA (catalase) B2 Fig. 4
o} e} ST#ollA 6.18+0.14 mmol/mL=E e}
v, STZz2 fE8 Yk A BSE
(56.79+0.18 mmol/mL)¥ H|wstPES of S
F7HNRL AR UEpyth. BDE 9 BTHollA
27y 6.69+0.17 2 6.72+£0.11 mmol/mLZ BD
ol Hlste] BTHolA &/do] 7=t 7H&
gopA] 42 di 2 HF p MZEo 4EHA
2EHATY ASKEHYE A= Aoz A 9L

2000.0

15000

1000.0

500.0

Lactate dehydre genase activity (U/L)

=]
=}

ST

Group!!

Fig. 2. Effects of turmeric (Curcuma longa L.) on serum lactate dehydrogenase (LDH)

activity of STZ-induced diabetic rats.

UBD : basal diet (control group). BT : basal diet+5% turmeric (Curcuma longa L.). BS :

basal diet+streptozotocin  (STZ). ST
(Curcuma longa  L.).

basal diet+streptozotocin  (STZ)+5%  turmeric

?The data are presented as means+SD of 6 independent rats. Means with different letters

are significantly different (p<0.05) by Duncan’s multiple range tests.
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&3 (Curcuma longa L) A7} A 79 2eotgld 2 7t 715 a4 A njA= 9% 7

BAST BALT
1500

1200

AST and ALT activity (U/L)

Group?

Fig. 3. Effects of turmeric (Curcuma longa L.) on serum aspartate and alanine aminotransferase

(AST and ALT) activity of STZ-induced diabetic rats.

UBD : basal diet (control group). BT : basal diet+5% turmeric (Curcuma longa 1.). BS :
basal diet+streptozotocin  (STZ). ST basal diett+streptozotocin  (STZ)+5%  turmeric
(Curcuma longa  L.).

?The data are presented as means+SD of 6 independent rats. Means with different letters

are significantly different (p<0.05) by Duncan’s multiple range tests.

60 r

40

20 r

Catalas e activity (nmol/mL)

0.0

ST

Group!

Fig. 4. Effects of turmeric (Curcuma longa L.) on serum catalase activity of STZ-induced

diabetic rats.

UBD : basal diet (control group). BT : basal diet+5% turmeric (Curcuma longa 1.). BS :
basal diet+streptozotocin  (STZ). ST basal diet+streptozotocin  (STZ)+5% turmeric
L).

?The data are presented as means+SD of 6 independent rats. Means with different letters

are significantly different (p<0.05) by Duncan’s multiple range tests.

(Curcuma longa

oH27). B A7 ZAd STZ2 f=d e 49 3.7. Ol a}loll(amylase) &M
oA 2o @ FietolA] &/do] ¥ A oftetolA| (amylase) /4> Fig. 501 WL
o= Uehgton, 79 J97F f9AQ Aol th &5 FolwQl STHelA 131.5+£85 U/L=E

Holv] §4L F7HI7IE Ao PR,

BS7(149.949.2 U/L)¥ H]w 5t

- 389 -

SR EEED



Journal of the Korean Applied Science and Technology

300.0

2400

180.0

1200

60.0

Amylase activity (U/L)

0.0

BS ST

Groupl!

Fig. 5. Effects of turmeric (Curcuma longa 1.) on amylase activity of STZ-induced

diabetic rats.

UBD : basal diet (control group). BT : basal diet+5% turmeric (Curcuma longa 1.). BS :

basal diet+streptozotocin  (STZ). ST
(Curcuma longa 1.).

basal diet+streptozotocin  (STZ)+5%  turmeric

?The data are presented as means®SD of 6 independent rats. Means with different letters

are significantly different (p<0.05) by Duncan’s multiple range tests.

242 JerAoh(p<0.05). BDT 2 BTl A
1263+9.8 2 1245+88 U/LE Uehton,
BTolA &40 #AAE HIou fFoFl A}
ol YATHPL0.05). 84 otdetolAlE 24 A
el oJsll F7HE 4 Qlew[28], STZR f&
H g S s 7EE Folstde o €
7 opdetolA] 4 HAAR AoR HIsHe
TH29]. webA g S1Fe) 5% 22 F997t
ofdlolAd] A4S HAaAA du 2 FAH AF
dol A3} g Aoz AtmHr

3.8. 2|mtotM|(lipase) &AM

s1Ho] &4 |utotA|(lipase) 42 Fig. 69l
UerfiQdch. STZollAd 8.1+0.4 U/LE Yeht
BS¥(8.9+0.2 U/L)T} HlwsldS of o<l
249 FaE e AHH(p<0.05). BDw 2 BT
ol ZHZF 72402 E 7.1+40.3 U/LZ e
i}, BD=oll H|8 BTwollAl 249 AE B
A9, FoHd zpolE gl AoER Yerdth
(p€0.05). FmtobA] &2 FHFE}E Fdot=
A E2 o] 88X H[30], ceruleine® SLFH JA
Agd FolA @A opdetord] 2 =miopA] &
A2 5405 71 ALE UETH31,32]. 2
Ay Ay G ] 2o dFHe utot

Al BHS FAENA FARAE Ade] wirt

ok

[e}]
%S

tlo

Aor FAHEH.

4

4. 2 B

Streptozotocin (STZ, 45 mg/kg body weight)
= 57 FA] SRE FIAA A Bds
AAste], & HAEE 5 5% == Jo7t 4
gk megto] mxe FFe] diste] HESHH
379 &% IHoteld ¥ blood urea nitrogen
(BUN) sEs fARRE AgoR STZE fLdt
ATl BSTl Hlsl, 5% &5 FoAH(STH
A HAAEAZRA, 712 0lE AFAIRE ti27(BD
ol Hlsl 5% &5 JoAX BTwelA 5%
o] a7k UehAIRE {22l Zol= gle A
o7 golslict. Alkaline phosphatase (ALP)
22 BSTol HIal STHOlA fogt 2tol& W
Bl fdAas o= el o™ (p<0.05), BD
ol Hls| BTollA 27449 a7t vepgA|g
oA Fole gl Aoe=R  ERIFHh
Lactate dehydrogenase (LDH) @42 STZZ &
ok ATl BSwolAd w2 84 Hlou,

= Folwel STollA FolAQl 2olE Yy

g FAANFH(p0.05). T AFBS
)°] &3 aspartate aminotransferase (AST) &

= o
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150

&5 (Curcuma longa 1.) 437t B 99 et 2 2 715 Ha B4l A 9% 9

120

9.0

6.0

Lipase activity (U/L)

30

oo

Group!!

Fig. 6. Effects of turmeric (Curcuma longa 1..) on serum lipase activity of STZ-induced

diabetic rats.

UBD : basal diet (control group). BT : basal diet+5% turmeric (Curcuma longa 1.). BS :

basal diet+streptozotocin  (STZ). ST

L).

(Curcuma longa

basal

diet+streptozotocin  (STZ)+5% turmeric

PThe data are presented as means+SD of 6 independent rats. Means with different letters

are significantly different (p<0.05) by Duncan’s multiple range tests.

o] PO}, STEL BSTT
1 eboict

(p<0.05). Alanine aminotransferase (ALT) 24

EQh AST 841 GARE AFoR 5% &3 &
o7t B4e Aot sheetold 4L STZ

2 fEd 9 T BSHOlA W2 B
Uetfiglow, &5 Jofol oste] STl {9
Al ZpolE Holm BAHES FI7HAX oz 1
R TH(p<0.05). G ol 5% &5¢] dF
= @3 obdeorA] W ejmolA|e] e Ha
A7le Ao yetgth whebAl, G4 Sprague
DawleyAl # AHE B3t i vivo A-A
5% 2a° F97F AR 2 75 A
asol AU AoR AgHch
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