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Abstract

Antidiabetic effect of Korean red ginseng (RG) processed by puffing in streptozotocin (STZ)-induced
diabetic (DM) rats was investigated. Five week-old SD rats were divided into four groups; normal control
(NC) group, DM group, red ginseng (RG) group and puffed red ginseng (PG) group. The RG and PG groups
were orally provided with RG or PG dissolved in water (500 mg/kg) respectively for seven weeks after single
injection of STZ (50 mg/kg, i.v.) followed by identification of DM. NC group received saline vehicle instead
of STZ. At the end of feeding of RG or PG, the changes of fasting blood glucose, serum insulin and amylase
level and serum lipid profiles were evaluated. Also, oral glucose tolerance test (OGTT), comet assay and
histopathological examination were performed. At 7th week, the fasting blood glucose levels of the RG and
PG groups were reduced compared to the DM group by 11.54% and 20.22%, respectively. The result of OGTT
did not show significant differences among DM and two red ginseng groups. While serum insulin and TG
levels were predominantly improved in PG group (p<0.05), serum amylase level was increased in RG group.
Alkaline comet assay for checking the oxidative damage of DNA showed that TL (tail length, ym) and TM
(tail moment) in the blood lymphocyte of PG group significantly decreased in contrast with DM group.
Histopathological results of pancreas showed that destruction of exocrine as well as endocrine might be cured
by the administration of RG and PG. These results suggest that PG could exert more protection against

STZ-induced toxicity than RG group.
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Fig. 1. Effect of RG and PG on blood glucose levels of the
rat. NC (@), normal control group; DM (m), diabetic mellitus
group; RG (O), diabetic group fed with red ginseng; PG (A),
diabetic group fed with puffed red ginseng. Values are expressed
as mean*SE. “ “Means with the different letters in the same peri-
od are significantly different (p<0.05) by Duncan’s multiple range
test.

Table 1. Effect of RG and PG on body weight change and FER

Body weight (g)

Food intake

1) 4)
Group Initial Final Gain (g/day) FER
NC 248.00+4.05°"% 408.00+13.74° 160.00+12.572" 23.25+0.42° 0.14+0.01°
DM 178.14+5.41° 182.71+9.29 457+10.77 34.93+1.04° 0.00+0.01°
RG 178.67+9.44° 209.17+10.98" 30.50 +4.20° 34.37+1.36 0.02+0.01°
PG 191.2543.08° 225.25+9.18 34.00+9.13" 38.84+1.47° 0.0240.00°

l)NC, normal control group; DM, diabetic mellitus group; RG, diabetic group fed with red ginseng group; PG, diabetic group fed

) with puffed red ginseng.
Mean =+ SE.

IDifferent small superscripts in the same column indicate significant differences (p<0.05) among groups by Duncan’s multiple

range test.

YFood efficiency ratio: Body weight gain (g/week) divided by food intake (g/week).
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Fig. 2. Oral glucose tolerance test of the rat. NC (@), normal
control group; DM (@), diabetic mellitus group; RG (O), diabetic
group fed with red ginseng; PG (A), diabetic group fed with puf-
fed red ginseng. Values are expressed as mean+SE. * “‘Means
with the different letters in the same period are significantly dif-
ferent (p<0.05) by Duncan’s multiple range test.
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Table 2. Effect of RG and PG on serum insulin and amylase
levels of the rat

Group"” Insulin (ng/mL) Amylase (U/L)
NC 20.52+2.022< 747.00£26.11¢
DM 6.63+0.43" 371.40+30.54°
RG 9.83+0.00™ 535.80+43.99"
PG 11.43+2.06 478.83+29.67"
USee the annotation of Table 1.
YMean + SE.

¥Different small superscripts in the same column indicate sig-
nificant differences (p<0.05) among groups by Duncan’s
multiple range test.
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Table 3. Effect of RG and PG on serum total cholesterol,

triglyceride and HDL-C levels of the rat (mg/dL)

Group” Total cholesterol Triglyceride HDL-C?
NC 85.68+5.457% 4295+4.00*°  3883+1.17°
DM 126.55+7.20° 169.35+10.64° 81.43+356°
RG 114.66+11.01° 124.83+£24.64° 65.28+3.37"
PG 120.43+10.59" 79.41+13.87"  72.75+£5.60™

})See the annotation of Table 1.

YMean + SE.

YDifferent small superscripts in the same column indicate sig—
nificant differences (p<0.05) among groups by Duncan’s mul-
tiple range test.

YHDL-C: high density lipoprotein—cholesterol.
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Fig. 3. DNA comet images of lymphocytes. NC, normal con—
trol group; DM, diabetic mellitus group; RG, diabetic group fed
with red ginseng; PG, diabetic group fed with puffed red ginseng.

Table 4. Levels of DNA damage expressed as TD, TL and
TM of the rat

Group” TLY TD ™

NC 102042687 6.48+1.04° 1.4940.34°
DM 25.73+£8.45" 10.44+0.97 499+1.76
RG 12.77+2.80° 7.8941.04 2.46+0.52"
PG 1051+1.16° 7.12+0.40% 2.18+0.34°

YSee the annotation of Table 1.

“Mean +SE.

IDifferent small superscripts in the same column indicate sig—
nificant differences (p<0.05) among groups by Duncan’s
multiple range test.

YTL: tail length (um), TD: DNA in tail (%), TM: tail moment.



Fig. 4-1. Histopathological observations on the exocrine
acinal cell of pancreatic tissue (H&E 400 x). (NCE) exocrine
of normal control group; (DME) exocrine of diabetic group; (RGE)
exocrine of red ginseng group; (PGE) exocrine of puffed red gin—
seng group.

Fig. 4-2. Histopathological observations on the Langerhan’s
islet of pancreatic tissue (H&E 400 x). (NCL) Langerhan’s is—
let of normal control group; (DML) Langerhan's islet of diabetic
group; (RGL) Langerhan's islet of red ginseng group; (PGL)
Langerhan's islet of puffed red ginseng group.

S FEAIZIT(E5,36). B AP A STZ 93¢ G= F
Tol TAko] REo] 3o DNAS &AL E =43}
Aol B2 JfA R o spstgato]l F4tol Bl i
7 o ZA YEsT

F|zte| Ha|x=ZlstN A

&3 Az #F A= Fig. 4137 4-29] Yeh)
dot FefE £ DM #HZZ 249 exocrine acinal
cell @ F=AFAAME focal T+ multifocal cytoplasmic
Vacuolatlonﬂr HAAAAME] A} L A WHo] B
HAoh B 5 34 2 Bsgste] 44 o3 DM

5
ih}
)
o d

oA BEENE FoJ7 sl N FEHA S,

exocrine acinal cell®] €& A9 YElUA] &oka F=A
Eo) A7) = Pk wstell M DM} vl A )4l =]

Eage B3g & 99

kO

Q||=

2 AR STZi Fes FEAZ AF T4 3
ggatel g9 s a5 Uit AYEAES st A 34
S 770 BATRA AT 89, 84 ded 9 opdgol
A, AAB#E A5, OGTT, DNAQ 2+3t7 £445 B4
g A =AW Wels Bt AsEe A
g 75 o DMTH vl A] RGT-A 6.674], PGl A
5258 F7Fstd v DM {94 <l Aol ok &
Edg2 DMTA vl RGTZAIA 11.54%, PGl A
20.22%9 7HA&E Rt FAUE s A4 T 35S
IS 5o 2412 & 92 DMT 4 FA18 9482 gl
Atk 4 J€d w55 PGEolA 7HE =4 vElhda,
g otdetolA] Fx9 A9 RGTAA %o NCH R

= 2 YEtth 84 F Zd2HE2 NCHS AlQg
EE AT el FolFl Aol & HolA gkstoyt X
FAARY A PGHAA AT HAE B ATHp<0.05).
HDL-C& NC#of| vl Safda RFoA =4 byt
t}. DNA £AAEE dolr 7] 93 comet A& PG
9] TL ¥ TM2 NCiol X et fAK 38 BAth A3
x4 ¥y #F 4y, defde T DMTY Ag=x
A19] exocrine acinal cell ¥ =AM XA = focal T&=
multifocal cytoplasmic vacuolation®} &2 29| A} 2
S84 Wdo] AAEIJT o] AFAEA Hshgae F
o7} Zatel vle) Fds aH o F AEFS BYou B
o F4s AAE 93] 8F o] T4t AU|FA o
P 57 Flo] oY Ao F AL HTL

é

3I_.|

MO

1. Park YM, Sohn CM, Jang HC. 2005. A study on subjective
recognition of functional foods among diabetic patients. J
Korea Dietetic Assoc 11: 216-222.

2. Korea National Statistical Office. 2008. The cause of death
statistics 2006. Annual Report on the Cause of Death
Statics. p 20.

3. Choi JS, Chung HY, Han SY. 1990. A preliminary study
on hypercholesterolemic and hyperglycemic activities of
some medical plants. Korean J Pharm 21: 153-157.

4. Kim TH, Yang KS, Whang SH. 1990. Studies on the physi—
ochemical activities of Commelinae herba extract on the
normal and streptozotocin-induced hyperglycemic rats.
Thesis collection. SM Pharm Sci 7: 39-59.

5. Lim SJ, Kim SY, Lee JW. 1995. The effects of Korean wild
vegetables on blood glucose level and liver-muscle metab—
olism of streptozotocin-induced diabetic rats. Korean J



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Streptozotocin % F=F oA HIrtE A3 E4e] A

Nutr 28: 585-594.

. Ko JB. 1996. Effects of raw soy flour (yellow and black)

on serum glucose and lipid concentration in streptozoto—
cin-induced diabetic rats. J Korean Soc Food Sci Nutr 27:
313-318.

. Rho MH, Choi MA, Koh ]JB. 1998. Effects of raw soy flour

(yellow and black) on serum protein concentrations and en—
zyme activity in streptozotocin-induced diabetic rats. J
Korean Soc Food Sci Nutr 27: 724-730.

. Choi M]J. 1997. Comparison of dietary casein or soy protein

effect on plasma glucose, lipids and hormone concentrations
in the streptozotocin—-induced diabetic rats. J Research
Institute for Life Sciences (Keimyung University) 23:
285-295.

. Choi MJ, Han Y]J. 1994. Effects of the soy protein level on

plasma glucose, lipids, and hormone in streptozotocin—dia—
betic rats. Korean J Nutrition 27: 883-891.

Kim MH, Kim HY, Kim WK, Kim JY, Kim SH. 2001.
Effects of soyoligosaccharide on blood glucose and lipid
metabolism in steptozotocin-induced diabetic rats. Korean
J Nutrition 34: 3-13.

Jha HC. 1985. Inhibition of in vitro microsomal lipid perox-—
idation by isoflavonoids. Biochem Pharmacol 34: 1367-
1369.

Bates SH, Jones RB, Bailey C]J. 2000. Insulin-like effect of
pinitol. Br J Pharmacol 130: 1944-1948.

Lee IS, Lee SO, Lee 1Z. 2003. Effects of tissue cultured gin—
seng on blood glucose and lipids in streptozotocin-induced
diabetic rats. Korean J Food Sci 35: 280-285.

Park KS, Ko SK, Chung SH. 2003. Comparisons of anti-
diabetic effect between Ginseng Radix Alba, Ginseng
Radix Rubra and Panax Quinquefoli Radix in MLD
STZ-induced diabetic rats. J Ginseng Res 27 56-61.
Kwak YS, Park JD, Yang JW. 2003. Present and its pros—
pect of red ginseng efficiency research. Food Industry and
Nutrition 8: 30-37.

Kim HS, Seong YH, Yang JW, Jeon BS, Park UY, Park
WK, Oh KW, Choi KJ. 1997. Hypoglycemic effects of ex—
tract mixture of red ginseng and steamed Rehmaniae radix
on streptozotocin—-induced diabetic rats. Korean J Ginseng
Sci 210 169-173.

Kimura M, Wakai I, Kikuchi T. 1981. Hypoglycemic com—
ponents from Ginseng radix and the action insulin release.
Proc Symp Wakan Yaku 14: 125-131.

Yamamoto M. 1984. Long term ginseng effects on hyper—
lipidemia in man with further study of its action on athero-
genesis and fatty lover in rats. 4th Int’'l Ginseng Symp.
Ginseng Research Institute, Seoul, Korea. p 13-20.

Lim SJ, Han HK, Ko JH. 2003. Effects of edible and medici—
nal plants intake on blood glucose, glycogen and protein
levels in streptozotocin induced diabetic rats. Korean J
Nutr 36: 981-989.

Song JH, Park MJ, Kim E, Kim YC. 1990. Effect of Panax
ginseng on galactosamine induced cytotoxicity in primary
cultured rat hepatocytes. Yakhak Hoeji 34: 341-347.
Tomoda M, Takeda K, Shimizu N, Gonda R, Ohara N. 1993.
Characterization of acidic polysaccharrides having im-
munological activities from root of Panax ginseng. Biol
Pharm Bull 16: 22-25.

Yun SH, Joo CN. 1993. Study on the preventive effect of
ginsenoside against hypercholesterolemia and its mecha-
nism. Korean J Ginseng Sci 17: 1-12.

Woo KS, Kim CM, Koo KH. 1982. An experimental study

24.

28.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

707

on the effect of ginseng saponin upon diabetes mellitus. J
Hanyang Med Coll 2. 47-57.

Park JS, Hwang SY, Lee WS, Yu KW, Paek KY, Hwang
BY, Han K. 2006. The therapeutic effect of tissue cultured
root of wild Panax ginseng C.A. Mayer on spermatogenetic
disorder. Arch Pharm Res 29: 800-807.

Wei JX. 1982. Studies on the constituents of Korean red
ginseng —the isolation and identification of 3-hydroxy-2-
methyl-4-pyrone. Yao Xue Xue Bao 17: 549-550.

Inoue M, Wu CZ, Dou DQ, Chen Y], Ogihara Y. 1999.
Lipoprotein lipase activation by red ginseng saponins in
hyperlipidemia model animals. Phytomedicine 6: 257-265.
Kim H]J, Jo JS. 1984. Physicochemical properties of Korean
ginseng root starch. 3. Physical properties of the starch.
Korean J Ginseng Sci 8: 135-152.

Yang SJ, Woo KS, Yoo JS, Kang TS, Noh YH, Lee ]S,
Jeong HS. 2006. Changes of Korean ginseng components
with high temperature and pressure treatment. Korean J
Food Sci Technol 38: 521-525.

Yoon SR, Lee MH, Park JH, Lee IS, Kwon JH, Lee GD.
2005. Changes in physicochemical compounds with heating
treatment of ginseng. J Korean Soc Food Sci Nutr 34:
1572-1578.

Han CK, Hong HD, Kim YC, Kim SS, Sim GS. 2007. Effect
of puffing on quality characteristics of red ginseng tail root.
J Ginseng Res 31: 147-153.

Singh NP, McCoy MT, Tice RR, Schneider EL. 1988. A
simple technique for quantitation of low level of DNA dam-
age in individual cells. Exp Cell Res 175 184-191.

Seo DY, Park SY, Kang MH, Suh KS, Ly SY. 2006.
Oxidative stress of mouse fed irradiated diet containing
high unsaturated fatty acid. Korean J Nutrition 39:
599-609.

Pain VM, Garlick P. 1974. Effect of streptozotocin diabetes
and insulin treatment on the rate of protein synthesis in
tissues of the rat in vivo. J Biol Chem 249: 4510-4514.
Lee JS, Son HS, Maeng YS, Chang YK, Ju JS. 1994. Effects
of buckwheat on organ weight, glucose and lipid metabo—
lism in streptozotocin-induced diabetic rats. Korean J Nutr
27 819-827.

Matkovics B, Kotorman M, Varga IS, Hai DQ, Varga C.
1998. Oxidative stress in experimental diabetes induced by
streptozotocin. Acta Physiol Hung 85: 29-38.

Kahn CR. 1985. The molecular mechanism of insulin action.
Ann Rev Med 36: 249-251.

Williams JA, Goldfine ID. 1985. The insulin—pancreatic aci—
nar axis. Diabetes 34: 980-986.

Palla JC, Ben Abdeljlil A, Desnuelle P. 1968. The action of
insulin on the biosynthesis of amylase and some other en—
zymes of rat pancreas. Biochim Biophys Acta 168: 25-35.
O'Meara NMG, Devery RAM, Owens D, Collins PB,
Johnson AH, Tomkin GH. 1990. Cholesterol metabolism in
alloxan-induced diabetic rabbit. Diabetes 39: 626-633.
Nikkila EA, Kekki M. 1973. Plasma triglyceride transport
kinetics in diabetes mellitus. Metabolism 22: 1-22.

Kim MH. 2007. Effect of Salicornia herbacea L. supple—
mentation on blood glucose and lipid metabolites in strepto-
zotocin—induced diabetic rats. Korean J Nutrition 40: 5-13.
Gordon T, Casfelli WP, Hjortland MC, Kennel WB, Dawher
TR. 1997. High density lipoprotein as a protective factor
against coronary heart disease, the Framingham study. Am
J Med 62: 707-714.

(2007'd 10¥ 299 A5 2008 5€ 199 A=)



