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Effects of Gamigukihwandong-hwan on Renal Function, Oxidative
Stress and Polyol Pathway in Diabetic Nephropathy Rats

Hyung Cheol Jeong, Ji Cheon Jeong*

Department of Internal Medicine, College of Korean Medicine, Dongguk University

Diabetes is a disease in which the body does not produce or properly use insulin. Etiological studies of diabetes and
its complications showed that oxidative stress might play a major role. Therefore, many efforts have been tried to regulate
free oxygen radicals for treating diabetes and its complications. Gamigukihwandong-hwan has been known to be effective
for the treatment of diabetes. The present study was carried out to investigate the effect of Gamigukihwandong-hwan on
renal function, peroxynitrite (ONOO") scavenging activity and polyo! pathway in streptozotocin-induced diabetic rats. The
crushed Gamigukihwandong-hwan was extracted 3 times, each time with 3 volumes of methyl alcohol at 60°C for 24 h.
The extract was filtered and evaporated under a reduced pressure using a rotary evaporator to yield 74.95 g.
Gamigukihwandong-hwan extract was oral-administered 100 mg per 1 kg of body weight for 20 days to the diabetic rats
induced by streptozotocin (60 mg/kg). The effects of Gamigukihwandong-hwan extract on the streptozotocin-induced diabetic
rats were observed by measuring the serum level of glucose, insulin, lipid components, creatinine and BUN, and also the
kidney levels of superoxide anion radical ( - O2), nitric oxide (NO) and ONOO, and also the enzyme activities involved in
polyol pathway. The Effects of Gamigukihwandong-hwan on the streptozotocin-induced diabetic rats with regards to body
weight, blood glucose and insulin levels, creatinine and BUN levels, total cholesterol and triglyceride levels, and
HDL-cholesterol levels were all shown to be good enough to cure and prevent the diabetes and its complications.
Gamigukihwandong-hwan inhibited the generation of - Oz, NO and ONOO in the kidney of streptozotocin-induced diabetic
rats. Renal aldose reductase and sorbitol dehydrogenase activities were increased in the streptozotocin-induced diabetic rats,
whereas the ones in the Gamigukihwandong-hwan-administered group among the streptozotocin-induced diabetic rats were
reversed toward the natural activities. Gamigukihwandong-hwan might inhibit the development of diabetic nephropathy by
scavenging reactive oxygen and nitrogen species, thereby by reducing oxidative stresses and also by regulating the
activities of polyol pathway enzymes, all of which could help to recover the function of kidney.

Key words : Gamigukihwandong-hwan, diabetes, streptozotocin, renal function, oxidative stresses, peroxynitrite, polyol
pathway
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Table 1. Composition and contents of Gamigukihwéndonghwan

oot MO+ S
HiLF Lycli Fructus 125 g
B Atraciylis Rhizoma 125 g
i Polygonali sibirici Rhizoma 125 g
7 Mori Fructus 125 ¢
Total Amount 500 g

2) B8
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W, &T = 50%2 FXIGHL light-dark cycleo] 12417 ©912
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Streptozotocin, sodium dodesyl sulfate (SDS), D-fructose, B
-NAD, NADPH, NADP, 5,5'-dithio-bis(2-nitrobenzoic acid), bovine
Sigma chemical Co. (ST. Louis, MO, USA),
dihydrorhodamine 123 (DHR 123)z}  2,7-dichloro
dihydrofluorescein diacetate (DCFDA)= Molecular Probes (Eugene,
OR, USA), ONOO, carboxy-PTIO sodium salt= Calbiochem (A
Brand of EMD Biosciences, Inc, USA), 45-diaminofluorescein
(DAF-2)= Dai ichi Pure Chemical Co. (Tokyo, Japan), sodium
chloride, hydrogen peroxide, ethanol, methanol & 7]E} AJOFZ A|
Bolx EFEFES TYUSKH ARESKRICH, 7I7Ie GENios
(GENios-basic, TECAN, Austria), UV-VIS spectrophotometer
(UV-2401PC, SHIMADZU Co.,, Japan)E A}FS3IRCE
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Table 2. Effects of the Gamigukihwandonghwan(GKHD) extracts on
the body weight, activity of serum  glucose and insufin in
streptozotocin-treated rat.
Normal S1Z STZ+GKHD
Glucose (mg/dl) 10551 + 1212 35678 + 276677 28963 = 22387
Insulin (pg/ml) 40825 + 32.16 28756 + 2087 32746 + 31227
Body weight (g) 364 £ 15 213 + 24 256 + 207"

Rats were injected streptozotocin (60 mg/ke) and admmistrated Gamigukitwandonghwan
(100 me/ke) for 20 days Resu!s are mean+SD ). STZ : Sreptozotocm, GKHD :
Gam\gukrhwandonghwaw S\gm |can ty different rom he normal, * Significantly different
from the control(™ : p < 001, *: 0.05).
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Table 3. Effects of the Gamigukihwandonghwan(GKHD) extracts on
the activity of serum creatinine and BUN in streptozotocin-treated rat.

Normal STZ STZ+GKHD
Creatinine (mg/dl) 082 + 006 263 + 024 153 £ 0.14”
BUN (mg/dl) 1332 + 093 5634 + 6207 3724 £ 4107

Rats were injected streptozotocin (60 me/ke) and admmls rated Gamigukinwandonghwan
(100 mg/ke) for 20 days Results are mean+SD ). STZ : Sreo ozotocin, GKHD :
Gamwgukrhwandonghwa'] Significantly different rom the normal. ¥ Significant \y different
from the control(™ : p < 001, * : p < 000
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Table 4. Effects of the Gamigukihwandonghwan (GKHD) extracts on
the activity of serum ftriglyceride, total cholesterol and HDL
cholesterol in streptozotocin-treated rat.
Normal STZ STZ+ GKHD
Total cholesterol (mg/dl) 14759 + 1126 19868 + 21.03"" 17798 + 1855™
Trighyceride (mg/dl) 6049 + 512 11850 + 879" 8997 + 728%"
HDL cholesterol (mg/dl) 3389 + 288 2235 * 3157 2988 + 309"

Rats were injected streptozotocin (60 me/ke) and admmls trated Gamigukihwandonghwan
(100 mg/ke) for 20 days Results are meanSD. (n=7). STZ : Streptozotocin, GKHD :

Gam{guklhwandonghwaq Srgnmcaw ly different from he normal. ® Significantly different
from the controlt™ : p < 001, * : p < 005).
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Fig. 1. Effect of Gamigukihwandonghwan (GKHD) on
streptozotocin-induced reactive oxygen species generation in rat
kidney. Rats were injected streptozotocin (STZ, 60 mg/ke) and administrated
Gamigukihwandonghwan (100 mg/kg) for 20 days. The generation of reactive
species was measured by DCFH-DA flucrescence probe. Results are mean=S.D.
(n=7). ? Significantly different from the normal. ® Significantly different from the
control(™ : p ¢ 001, * : p < 0.05).

5. NO gol mAs Hggt

FATY NO UM 1438:069%H Lt tiRToIME
21.65:0.97% 2.2 E71EAom, ATl 19.35:0.77% 2 T
zoll Hlgld fA4 2 AL ABIEACHFig. 2).

NO generation {%)

Normal - sz STZHGKHD

Fig. 2. Effect of Gamigukihwandonghwan (GKHD) on
streptozotocin-induced NO generation in rat kidney. Rats were injected
streptozotocin (STZ, 60 mg/kg) and administrated Gamigukihwandonghwan (100 mg
/kg) for 20 days. The generation of NO was measured by DAF-2 fluorescence
probe. Results are mean=SD. (n=7). ® Significantly different from the normal,
Significantly different from the control(™ @ p ¢ 0.01).
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Fig. 3. Effect of Gamigukihwandonghwan (GKHD) on
streptozotocin-induced ONOO™ generation in rat kidney. Rats were
injected streptozotocin (STZ, 60 me/ke) and administrated Gamigukinwandonghwan
(100 mg/ke) for 20 days. The generation of ONOO- was measured by DHR123
fluorescence probe. Results are mean+S.D. (n=7). a Significantly different from the
normal. ® Significantly different from the controlt* = p ¢ 001, * : p ¢ 0.05).
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A9l aldose reductase 42 3.90£0.12 nmoles/mg
proteio] A OLt R T0IA]E 5.0940.25 nmoles/mg protein® 2
Z71EIgom, AsFoA= 4.5940.18 nmoles/mg proteinC.E
ol Hlgle Fod UA ASIEACHFig. 4).

a)e

Nmoles / mg protein

Normal STZ

Fig. 4. Effect of Gamigukihwandonghwan (GKHD) on
streptozotocin-induced aldose reductase level in rat kidney. Rats were
injected streptozotocin (STZ, 60 mg/kg) and administrated Gamigukihwandonghwan
(100 me/ke) for 20 days. Results are mean+SD. (n=7). ¥ Significartly different from
the normal. ® Significantly different from the controlt™ = p ¢ 0.01).

STZ+GKHD

b)e

L B

Normal 872 STZ+GKHD

Nmoles / mg protein
8 8

Fig. 5. Effect of Gamigukihwandonghwan (GKHD) on
streptozotocin-induced sorbitol dehydrogenase level in rat kidney.
Rats were injected streptozotocin  (STZ, 60 me/kg) and administrated
Gamigukihwanaonghwan (100 ng/kg) for 20 days. Results are mean=S.D. (n=7).
2 gignificantly different from the normal. ® Significantly different from the control(**
cp 001, 7 p < 005)
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8. Sorbitol dehydrogenase &4jol nlXj& F&¢

AJAKTO] Sorbitol dehydrogenase 232 38.21+1.15 nmoles/mg
protein0]RAOLE HETAAE: 50094250 nmoles/mg protein2.2
ZrpEgon, AslTolijE 43.22+1.57 nmoles/mg protein Q=
794 AA A= UCHFig. 5).
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