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Antidiabetic and Antioxidative Effect of Lycii fructus in
Streptozotocin-Induced Diabetic Rats

Ok-Kyung Kim*
Dept. of Food Science and Nutrition, Daejin University, Po Chon Kyung Ki Do 487-711, Korea

Abstract — This study was carried out to investigate the antidiabetic and antioxidative effect of Lycii fructus in the Strep-
tozotocin(STZ)-induced diabetic rats. The effective fractions were prepared as a form of organic solvents of CH,(CH,),CH,,
CHCI,, EtOAc, BuOH and H,O fractions prepared from the EtOH extract of Lycii fructus and The diabetes were induced by
an tail-intravenous injection of STZ with a dose of 45 mg/kg dissolved in citrate buffer. The various fractions of Lycii fructus
were orally administrated once a day for 7 days. The contents of serum glucose, and triglyceride in the CHCI, fraction and
hepatic lipid peroxidation in the EtOAc, BuOH and H,O fractions treated rats were significantly decreased when compared to
those of the STZ-control group In addition, an activity of hepatic GST in the BuOH fraction treated rats was significantly
increased compared to that of the STZ-control group. whereas, activities of hepatic catalase, GSH-Px in the BuOH fraction
treated rats were significantly decreased compared to those of the STZ-control group. Meanwhile, The content of hepatic gly-
cogen and avtivity of hepatic glucokinase in CHCI, fraction treated rats were significantly increased, but activity of glucose-
6-pase was significantly decreased in the CHCI, fraction treated rats. In conclusion, these results indicated that the BuOH frac-
tion of Lycii fructus was effective for the antioxidation, and also the CHCI, fraction of Lycii fructus was effective for the anti-

diabetes in the STZ-induced diabetic rats.

Key words — Streptozotocin, Lycii fructus, Antidiabetic and Antioxidative effect.
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28-S AN o] FH|7} A8t
HH A Y] 7]“74"%3 5401 glycerolﬂr e AR 2
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gxﬂ—»] reactive oxygen species (H,0, O,
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3l reactive oxygen species ol T3l A 2222 superoxide
dismutase(SOD), glutathione-S-transferase(GST) glutathione
peroxidase(GSH-Px), Catalase & glutathione(GSH) 53 7+
o YA AAAY A Eo| BL vitamin A, C, E,
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AleF 9 717] — Aok streptozotocin (STZ), sodium
azide, glutathione, glutathione reductase, NADPH, cumene
hydroperoxide, 1-chloro2,4-dinitrobenzen(CDNB), 5,5-dithiobis
(2-nitrobenzoic  acid(DTNB), xanthine,
cytochrome C, sodium deoxylcholate,

xanthine oxidase,
1,1,3,3,-tetracthoxy-
propane, thiobarbituricacid, amyloglucosidase, glucose-6-
phosphate, glucose-6-phosphate dehydrogenase, cacodylate,
ascorbic acid, glycylglycine, trissHCl, NAD, ATP, bovine
serum albumin 52 Sigma Co.(U.S.A) & A}-&3}%oH,
glucose, Total cholesterol, HDL-cholesterol, triglyceride(TG)
kit &4 2F(Korea)e] A& ARS-3FAAL, U A] 71EF Al
kS SRS skl ARSI

7171= rotary vaccum evaporator(Eyela Co., Japan),
deep freezer(Hannil Co., Korea), centrifuge(Hannil Co.,
Korea), UV spectrometer(Kontron 927, Italy), homogenizer
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(Omni, U.S.A)), ultracentrifuge(Sorval, U.S.A.)5< Al&-3}
ATk
Berd % .7='.'°"°| ZH -AF 200£10g W9
Sprague-DawleyAl =7 FE 15:U7 H-SA1Z] & A
As 22515 81 AL 6 0& o] st F9F A4
21 ¥ STZE 45mgkg, bw &H 22 0.01 M citric acid
buffer(pH 4.5)% 351 2 ml/kg, bw.2] o= vy
ALE 31T}, Streptozotocin A} 4841 7F $of] QFe} Ao
2REH FNL AF k] 3000 rpm, 205 FAEZ S &
0] 300 my/dl o1l AL I FEE iy, o
¥ 33 3 (STZ-control), B3= -t A&H(STZ-sample)
o2 Iu9 v vre] A B i tiEe)
+= 0.5% carboxyl methyl cellulose(CMC) -84 9HS-, A&
£ CH,(CH,),CH,, CHCI,, EIOAG, BuOH and 1,0 o]
Sl 2 dojxl FYES & met 2H2 130.2 meke,
5643 mgke, 100.8 mgke, 850.8 mgke 21,5612 mgke
b.we] £ 2 0.5% CMC Hol HEAA BF 2 A5 ke
T 10m¥ 19 13] 747 A TSI
§,¢_ =M ¥ BN - FHE T 2407 F 3HE ether
]'?] sto] BH-E Aufste] AAgolA 2 Adsta 1t
3}"3\‘:} &3 - A AR 7] 90 =
12 & AR E o} = AAATE A
g3taL -70°Col ¥E HAsitht &
CAFE AL 3,000 rpmell A 208-7F
AE ]5}04 ﬁ < B @3F9] glucose -
Rabbo«] W 2 total cholesterol} HDL-cholesterol, trigly-
cerides(TG) ¢] &< Belcher 59 WP wa} =43}
At A, A& 72 1goll 481€] 0.1 M S14HE-H (pH
74)% 7¥ste] 43t AR § 12} AR (600%g, 15%)s}
of FEAE AL, o] FTHE 23k Y4 (10,000xg, 20
Hyskal 1 AP—‘:—oﬂ S 105,000xgE 1A17F 24225t
cytosol 88 o] glutathione peroxidase(GSH-Px), gluta-
thione-S-transferase(GST),superoxidedismutase(SOD),
catalase(CAT) &4 9] Aoz AME3IY AL, 7 Z352)
A A }2+slE 3} glutathione(GSH) $H2 ZHZE Uchiyama
S9o] W3 Ellmane W»d u}g), glutathione
peroxidase &= Flohe 59 . glutathione-S-
transferase G4 == Habig 59 .2 superoxide
dismutase 4 £ Cropo 59 4. catalase 4 =&
Aebi®] ¥ %2%11 WW B89}, Glycogen st 2
AFE I8t @49 HAEe 7 2¢S 0.1 M ice-cold citrate
buffer(pH 42) 6 mIE ¥o] #23AZ] $ 3,000 rppm, 10%
7F QA E-2 5] AE oA glycogen T, glucose-6-
phosphatase(G-6-Pase)3} glucose-6-phosphate  dehydrogenase
(G-6-PDH) 4% =433}, Glucokinase 54 7+ 2 ¢
S 1mM EDTA7} E318 buffer 6 mlell Eo] #&s}let o}
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Glucokinase 83 Hara 59| WP wlgl 245190
o, thilzlo] geke Lowry 50| W Yol wel 24s19ir}.
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Table 13} 7. A7d0] 167.01+8.63 mg/dell B3l Fieti

Table I. The Serum Glucose Level of Normal and Diabetic
Rats Fed on verious fractions of Lycii fructus

Experimental group (g /k;(;)s.iv p.0) Glucose (mg/dl)
Normal - 167.01+8.63"
STZ?-control - 698.01+:40.66"
Hexane fi.”+STZ 130.2 715.09+31.48
CHCI, fr+STZ 564.3 493.90+3.28*
EtOAc fr+STZ 100.8 676.97+53.36
BuOH fr.+STZ 850.8 613.97+49.94
H,0 fi+STZ 15612 615.90+£58.24

"Values are the mean+S.E.(n=6).

IStreptozotocin(45 mg/kg, BW)[0.01 M citric acid buffer(pH 4.5)]
was i.p. injected into the tail vein.

#Signiﬁcantly different from normal at p<0.05, *Significantly
different from STZ-control at p<0.05 by student’s t-test.

The various fractions of ILycii fructus were administrated
orally once a day in experimental rats for 7 days.
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F8 698.01+40.66 mg/dICE. 21221 Z7H(p<0.05)2
epfiloy, FEES Fog 43 CHCL 9 &S 73
M 493.90+3.28 mg/dkZ 21l 24 (p<0.05)2 Y+
1281=

XEME &2 B - 79 E Folof o IR i
SFRS- Table 119} 2T}, TGS} Total cholesterol®] a2 &
ol Hlal Gt Zatoll A f2]4%1 S7Hp<0.05)% ek
W2lom o]= Goldberg,” Cho 5°%¢] B9} FAlEIL}
TG %2 CHCL# EtOAc #Y =2 T oA 2zt
97.1£10.68 mg/dl, 113.12£16.56 mg/dIZ 214 = T4
(p<0.05)2 YERN 21} Total cholesterol -2 EtOAc
&S A g Y& Fofo 9a] 7H4AE YENA
O} fode gi%it}t. HDL-cholesterol $HR /ol H]
3 FioizollA ARl S7Hp<0.05)5 YERN o™
o] Goldberg,”” West' "] B39} Tk AxE VeRlL
U Bang 5, Lim 5, Cho 579 483} w3 A3}
= Yehl9le™ BuOH 7 H,0 £ EL FoJdk of A
7}z 46.26+14.82 mg/dl, 35.38+6.43 mg/dI= 521491 74
(p<0.05)E YERYATH

ZF =& Zo| RSt X[E(MDA) ¥ glutathione &2 -
Hiksk 214 Qg2 fE 7=l ofal Alxut AFe] Bx
SRRl Ats BellE dodle A= IsiR A
9] A]%7} == malondialdehyde(MDA) 32 Table 1119}
vk A vlaLste] Gtz A o3l St
(p<0.05)Z YEMIAT} o]& STZ Tl & 213 YA
oxygen free radical & A3} 28l 2EY A7) S718]
2] kst Aol F7HE A 7+ ZF oA gkl &
7} Ftke BP9} w23k A Jephdeh 28y
EtOAc, BuOH, H,0 #8& FowtollA] f2421 (p<0.05)
#2E Yepien o] AL Lim 579 53¢ B3E,
Lee 5] thAln}, Han'9) glA} 28 Fojdl] o3} 3t

Table II. The Serum Lipid Profile of Normal and Diabetic Rats Fed on various fractions of Lycii fructus

Experimental Dose Triglyceride (TG) Total cholesterol HDL-cholesterol
group (mg/kg, b.w, p.o) (mg/d/) (mg/d/) (mg/d/)

Normal - 73.33£1.67" 89.52+8.34 53.73+8.22
STZ”-control - 159.4147.61" 138.77+20.75" 90.61+12.70"
Hexane fi.”+STZ 130.2 124.93+17.61 100.77+16.30%* 61.87+11.47
CHCI, fr+STZ 564.3 97.1+10.68* 115.85+19.37 57.78+10.00
EtOAcfr+STZ 100.8 113.12+16.56* 140.80+15.90 57.01+12.85
BuOH fr+STZ 850.8 132.3748.95 111.63£13.72 46.26+14.82%
H,0 fr+STZ 1,561.2 121.56+15.36 111.76+67.44 35.38+6.43*

DValues are the mean+S.E.(n=6).

2)Streptozotocin(4Smg/kg, BW)[0.01 M citric acid buffer(pH 4.5)] was i.p. injected into the tail vein.
ﬂ#Signiﬁcantly different from normal at p<0.05, *Significantly different from STZ-control at p<0.05 by students #-test.
he various fractions of Lycii fructus were administrated orally once a day in experimental rats for 7 days.
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Table III. The contents of malondialdehyde (MDA) and
Glutathione(GSH) in Normal and Diabetic Rats Fed on
various fractions of Lycii fructus

. Dose MDA GSH
Experimental
(mg/kg, (nmoles/g (moles/g
group
b.w, p.o)  of tissue) of tissue)
Normal - 9.20+0.86"  9.54+0.70
STZ”-control - 13.44+1.55"  6.62+9.87"

Hexane fr.+STZ 1302 8.92+1228  9.04+5.42
CHCI, fr+STZ 5643  8.29+1.96 9.55+5.60
EtOAc fr.+STZ 100.8  6.34+231%  937+3.35
BuOH fr.+STZ 850.8  5.67+2.39*  10.35+5.23
H,0 fr+STZ 15612 7.26+0.68%  10.03+7.11

)Values are the meanES.E.(n=6).

Stleptozot0c1n(45 mg/kg, BW)[0.01 M citric acid buffer(pH
45)] was i.p. injected into the tail vein.

Slgmf' cantly different from normal at p<0.05, *Significantly
dlffelent from STZ-control at p<0.05 by students #-test.

The various fractions of Lycii  fructus were administrated
orally once a day in experimental rats for 7 days.

A4 o] AE U 23 fARE 23S e
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Glutathione ©] 3 Table 19} 7Fo] A<t} H| s}
of G ol A fFolFQl 7H4x(p<0.05)E YERAN oL
Y= FoAd o5l S HERAAAT 9482 it
Glutathione> A| o A& EA8ta ] - 2914 712
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A Ak Ag A AEY AR NE A Y] 88 ot
3L, ksl a4E sk o 8EA|RE #EFe] wpitsl
aut sol=54 fel7l= 229 GSH/GSSG Hl&e] B4
Hog FAHE= AL Aslste] GSSG7F 54 H o] -SHY]
o} Agsto s BaYs A Za®7 ok £
glutathione> A XU 9] free radical®] #| A, H,0,2} 1ts}
A A5 EAAEAS Ho|, e, o5& x3F JA vk
ol 2ol gk thilldolu; DNAS] M, ofr]=7]¢] o]
&, Ao 245 AW Fo3F vhgel Aoske &
29500},

¢t =& B2| GST, Catalase?| ¥ GSH-Px@¥] — 72
= Foo 93t o] EHES &4 W= Table IV} 72
T} GST= Aol Histe] JitizollA] fo] 491 24
(p<0.05) YERNo] Bang 5% Agius 5°" o 2@} wt
e 438 Yehilon, Latha 5779 A¥E v]
g AzE YeRfQIth 22y BuOH 35 Fofo 93|
el Al F7Hp<0.05)F YERAATE ol= GST7F AWl
A AP % XJXP"] 57 =40l glutathione®] thiol”]E *
HAIAA 5"3 £ Aol A7 2e-& ks BaL
Do we} & O] 5*&] EZS glutathionedl] EFHAIA uj
e FXAFIoZH STZ ool 9fgh 7H44E Hosle
2 §hego] b AxE AlEET) Catalases A4t} ]
arste] Gt zerell A 1941 S7Hp<0.05))E LFERH o]
Lee 5% 7} Kakkar 5°99] ®38} 4AM 2342 Ueh)
Att. Catalase= Aol Ae] 2FE4tks), f71&8 Akt
A7le =EEN A8E H,0.5 GSH px¢} 8| OLF H,0
2 58 w7 4ks) Skl g Ao shuEM, 7RRF
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Table IV. The Hepatic Cytosolic GST, Catalase and GSH-Px Activities of Normal and Diabetic Rats Fed on various fractions

of Lycii fructus

Exp;:)rlrllgntal (m g/kgf)g.sxj/, p.0) GST" Catalase” GSH-px”
Normal - 60.98+10.60" 88.24+1.85 2.01£0.15
STZ -control - 28.18+3.35" 114.18+11.49" 3.29+0.33"
Hexane fr.2+STZ 31.39+7.27 95.94+5.05 1.58+0.07*
CHCI, fr+STZ 42.05+7.25 68.39+6.74* 2.77+0.05
EtOAc fr.+STZ 29.26+8.08 65.30+10.84* 0.78+0.06*
BuOH fr.+STZ 51.333.43* 57.26+5.04* 0.69+0.02%
H,0 fi+STZ 29.03+6.34 51.49+4.36% 0.78+0.18%*

l)Glutathione S-transferase : nmoles/mg/protein/min.
Catalase : moles/mg/protein/min.
JGSH-px: nmoles/mg protein/min.
4)Values are the mean£S.E.(n=6).

St1 eptozotocin(45 mg/kg, BW)[0.01 M citric acid buffer(pH 4.5)] was i.p. injected into the tail vein.
Slgmﬁcantly different from normal at p<0.05, *Significantly different from STZ-control at p<0.05 by student’s #test.
The various fractions of Lycii fructus were admlmstrated orally once a day in experimental rats for 7 days.
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ZaAIthe Bt me Pzl 2AaE e
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Helilon, o= d A8t dddAe} ko] CHCI,
5 FAA FolHoz FIFAE AT A 7
glycogen &S S7HAZ] Zo 2 ALFEHTH

Zt =EFE9| Glucose-6-phosphatase(G-6-Pase) &
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Bae fARgE A3E Jehiith G-6-Pase= += 74t
A7l BEE 3 microsomed]] EA 5= 2R §AFA
SRS Al F881A HofshH, =3 glycogene] -3l
2 X A4 ZEe Ful ZaolW cyclicAMP,
glucocorticoids, glucose, fatty acid 2 7+ #7 F-3-2] 27|
o o) Wdo] FrtE = WA insulin, tumor necrosis
factor 2 interleukin-69 2|3} A H} E3] STZ ¥
+ G-6-Pase mRNA®| THE S7HA7)aL 2 A3} ik
AN G-6-Pase B4 SV L8GH A Do
protein Kinase 8/%=9} insulin 325 ZHAAIZITkaL B
Py, mep BARME FrrizaoA F21291
7Hp<0.05)5 YERA S}, CHCL# BuOH #3& Foji-
ol Z}Z} 2.55+0.10 nmoles/mg/protein/min, 2.66:0.20 nmoles/
mg/protein/min=. 24 U&= 74x(p<0.05)5 HERN AT

7t =& F 29| Glucose-6-phosphate dehydrogenase
(G-6-PDH) &4 - G-6-PDHS] €72 Table V9| 7t} 4
ol mlste] it atoll A o2l 1H4ax(p<0.05)E o
eI o] shibib 5, Kim 5, Park 57 ¢] &1
ke FARIAARE Kim 592 Rydle wijse 4942
UERH AT G-6-PDHE= AW o] B A ol EA 51w
glucose WAL 74 2] pentose phosphate pathway® & 17}
= Hzo ol Fofshs GaolH, =3k GSH-PYF GSSG
£ GSHZ $dA7]=d 223 NADPHE sk a4
2219 STZ Folol ojs) f8E GitS G-6-PDHE| &
4 g4 7Hae] mE ribose-5-phosphate$} NADPHS] A7
g fEstt. 2 AgoA= CH(CH,),CH, +8%&
Fol 3l oA 0.33+0.10 moles/mg/protein/minZ. 214
Z7Hp<0.05)5 YER|ATE

2t =& Z9| Glucokinase(GK) &M —GK9| &4 -&
Table V2t 73t g7dwio] Wlste] e tiaestollA] 214
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Table V. The Hepatic Glycogen, Cytosolic Glucose-6-phosphatase, Glucose-6-phosphate Dehydrogenase, Glucokinase Activities
of Normal and Diabetic Rats Fed of various fractions of Lycii fructus

Experimental group (mg /k;(;)s.iv,p.o) Glycogen]) Glucose-6-pase2) Glucose-6-PDH” Glucokinase”
Normal - 178.75+4.24” 1.65+0.13 0.84+0.19 0.3+0.04
STZ"-control - 73.13+9.20" 3.59+0.19" 0.06+0.03" 0.02+0.01
Hexane fr.”+STZ 130.2 40.88+£19.31 2.60£0.09 0.33+0.10* 0.02+0.03
CHCI; fr+STZ 564.3 126.60+15.02* 2.55+0.10% 0.30+0.04 0.28+0.0*5
EtOAc fr+STZ 100.8 75.88+31.82 2.6110.07 0.20+0.09 0.09£0.02
BuOH fr+STZ 850.8 92.49+35.21 2.66+0.20% 0.07+0.02 0.08+0.04
H,0 fr+STZ 1,561.2 109.38+24.85 2.99+0.09 0.12+0.05 0.08+0.05

”mg/goftissue, 2)Glucose-6-phosphatase:nmoles/mg/protein/min, 3)Glucose-6-ph0sphatedehydrogenase:moles/ mgprotein/min,

“nmoles/mg/protein/min, YValues are the meantS.E.(n=6).

6)Streptozotocin(45 mg/kg, BW)[0.01 M citric acid buffer(pH 4.5)] was i.p. injected into the tail vein.
#Signiﬁcantly different from normal at p<0.05, *Significantly different from STZ-control at p<0.05 by students #-test.
Mhe various fractions of Lycii fructus were administrated orally once a day in experimental rats for 7 days.
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2l Z+2(p<0.05)y% VRO o] AL Vats 5., Kim 5%
o] Bare} ARSI GKe= oA 33 Al Helst
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S AT B A3 A3} CHCL, 35S FoIsh
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1. STZ Fo2 Z7F €97} CHCL, &&= Fofol] ¢]
8 frelAel 7H(p<0.05)2 LFERN I
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