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Effects of Puffed Red Ginseng Power and Drink on Blood Glucose and
Serum Lipid Profile in Streptozotocin—-Induced Diabetic Rats

Gun-Sub Shim', Ki-Seung Seong? Kyoung-Won Lee?, Chang-Won Cho?,
Ok-Hwan Leeg, Jin—-Ha Lees, and Chan-Kyu Han®

!Green Bio Co., Ltd.
“Korea Food Research Institute
“Department of Food Science and Biotechnology, Kangwon National University

ABSTRACT This study was performed to investigate the effects of puffed-red ginseng (PRG) powder and drink
on blood glucose level and serum lipid profile in streptozotocin (STZ)-induced diabetic rats. For the experimental
design, STZ-induced diabetic rats were fed PRG powder-supplemented diets (0.3%, 0.6%) and diluted drinks (0.14%,
0.28%) for 6 weeks. Concentrations of blood glucose during the experimental period decreased to 18.3 mg/dL in
the 0.6% PRG diet group and 15.1 mg/dL in the 0.14% PRG drink group. Average reduction rate of blood glucose
in the last week compared to reference blood glucose concentration decreased by 19.2% (A group), 37.4% (B group),
18.7% (C group), and 17.3% (D group) in the PRG treatment groups, respectively. These results indicate that PRG
affects blood glucose via ginseng saponins administered in diet or drinking water, thereby suggesting that PRG has
the ability to prevent increasing blood glucose in mild-induced diabetic rats.

Key words: puffed-red ginseng, blood glucose, STZ-induced diabetic rats, ginsenoside, serum lipid profile
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Table 1. Experimental design for STZ-induced diabetes mellitus

WIE ol ZIMITALO|E S ZA}

Bt gate] HA Aol & S 2AVEHY] fleke] BF
EFo 7 AMw=Alo]= Rby, Rby, Rbs, Re, Rd, Re, Rf, Rgj,
Rgo, Rgs, Rhi, Rho(Fleton Reference Substance Co.,
Chengdu, China)E& 22} 4 mg® #3 % 10 mL HPLC
grade Mg %<1 t42, 0.45 pm membraneS ©]-8-3}
o ojyst & Zpz}o] HPLC(Jasco Co., Ltd.,
Tokyo, Japan)Z 418} t). 252 u-Bondapak Cis Z
H(10 um, 3.9%300 cm, Waters, Milford, MA, USA)<
o] 8319 1L, &7 Jasco UV detector(203 nm)E A&
AT ol s d 2= E(A)Y acetonitrile(B)2] gradient
system$ AHEER OH AE 7122 80%(0+), 80%(10
), 68%(40%), 57%(50%), 20%(65%), 20%(75%), 80%

A EZ = O

722 32

(80), 80%(95)= FAskgltt. o5 &2 3
1.3 mLoer AEFAES 20 ub, BA2 = 35°C ).

¥l Sprague-Dawley(SD)Zl 47 2
&= (Hwaseong, Korea)oll Al T332
AR T Aole IFE I APALR(AIN-93G)E
H Aol (basal diet)Z 39t} BEEA 2
3 A7t duk nEAgE AHeEat
0.3 2 0.6% A7}sk B33 4t Bakao]gh
FolataA BshEaks

il

Hul ol
RURE=S

oo

ME
=)
tlo

2l

2ol 0.14 2 0.28% 3] 5}o]

g

1>

=
Fe| 2 FoJ3 AslEa S5 o2 7z o] Y
ok A3 SuTS 70 kg Ao 1Y B3

Nl O do O N
N2 3 Mo Y 2

& 271900 mg) 8% #F3sle] 1,000 mgs
(0.001%) 2.2 Z+ZF 10081(0.14%) = 20081(0.28%) =3
shal Ags Aol sl ste] A FoJskitH(Table 1).
Azt BEe] 5 WA 43 ARk A E2 Table

=21 O
29} Pt} ol de] BB AP FHAFAT BRAY &
2191 913] 9] FQl(KFRI-M-15022)& o} Al om,
FEAFATY FEAY FUANS 5
Sk |E

FTANEFELS FFATo] 320 g H+= 3F(Sprague Daw-
ley rat)E& AF&3ted 23 A STZ(streptozotocin, A0130,
Sigma-Aldrich Co., Ltd., St. Louis, MO, USA)E &3 A
% 1 kg@ 40 mge] == 0.1 M citrate buffer(pH 4.0)]

G (n=10) Bod ight (2) Treatment"

roup (n= 0 S

P v welght (8 DM Diet PRG
A 3174254 O Basal diet Powder (0.3%)
B 316+18.2 O Basal diet Powder (0.6%)
C 323420.3 O Basal diet Drink (0.14%)
D 322+40.3 @) Basal diet Drink (0.28%)
E 331+25.7 O Basal diet Control

DM, STZ-induced diabetic treatment; basal diet, AIN-93 diet; PRG, puffed-red ginseng.
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Table 2. Proximate composition of experimental diet (%)
Groupl) Moisture Crude ash Crude protein Ether extract Carbohydrates
A 7.54+0.05 7.99+1.37 21.58+0.01 5.71£0.00 57.243.12
B 8.24+0.01 6.78+0.23 23.97+0.01 6.53+0.11 54.5£2.00
E 8.45+0.04 6.17+0.04 22.35+0.99 5.92+0.16 57.1£2.81

YA, PRG powder 0.3% diet; B, PRG powder 0.6% diet; E, basal rat chow (AIN-93 diet).

o] 0.2 mLA EATALR Gass FEsllth STZ T
% 3~7%9] Precision Plus™ Electrodes(Medisense

Abingdon, UK)E ©]-&-3}
L9 FxF(200 mg/dL o]’he] fEE HAE AEsta
o w AHEwd 107wkl AE 73 5
A= vf 5 13 <kebd MW (orbital plexus) S 2HF-E] A
dsle] #4131

Contract Manufacturing Ltd.,

&l one-way ANOVA #4] 2 Duncan®] t577dH (a=
0.05)02 A 7+ 48 AAE.

TM=AOIE =Y
HPLCZ gk Alxd &7 Fsh54t
1] ke

nfEaY Z2ady AFEY AL Fig. 1 2 Table 49
ZAret= EAUH k., Askgahe dukgatel vl diolAlE A w=Afe] =
A Aol dHAHS 79 (A o= AT AE ¢l Rby, Rby, Rbs, Re, Rde] &% F7F<} &4be] 78 A%
35 A 3 H- A E 2 AARE S48 A =Ao] =41 Res, Rhy, Rgs7h dub-gatel vls) 2% <
o A7) Al AR A 1243 AAA F- ethyl 7HE RA=T(31-34), o= stel oJgk T4kl x4 IR
etherZ vt A A F&S YA vh5 Z7|E 2 =5} At & &0 Sk Wake A T gH L 2=
oA & ol FAE SAEAY o3k geFom AlgE)y 9 s by sAo HA
XA & F Fd 2= E(total-cholesterol, TC), T4 Fe HA Aol =B Ao FES v A sl A=
AW (triglyceride, TG), 218 =X ¢+ (high-density lipo- n}E 12 (Fig, 1B)olA] A% 98 theke] A peak’}
protein, HDL) ¥ A& =X et (low-density lipoprotein, AAE = e AT AT e P4k B ole}
LDL) el &3 d9A 9 e A8 (free fatty acid, Bekeal o2 E Tl AFE AREY 2 Table 59 #
FFA)S 43§ a4 (enzyme kit)S ©]83te] v A oh YA S HolE Fd AskEat A 4
Ho=w FA38I9 tHTable 3). 91.50, 181.9 mg/d iz, AFEd AF =2 242t 0.439, 1.109
mg/dAtt. BsEAt SET AHolE B3 A AFEFE
SHEAM Z+7y 166.6, 364.0 mg/dRaL, AFXEY AFH =S 247F 0.549,
A% Ay= SAS X2 13 (Statistical Analytical Sys— 1.602 mg/dith. WA B A A3} H3E4F S5 29
tem, V8.2, SAS Institute Inc., Cary, NC, USA)& ©]-&3} o] -7t Hetga B Aojrtt Ao 5457 AL I
of BASI, 7 ALl frele Aewel As F4Ae]l HzA el &8 o 42 4 9 Aow Aud
Table 3. Analytical methods of hematochemicals
Hematochemicals Method Kit Maker Apparatus Model
Cholesterol, total Enzymatic, Cholesterol reagent Bayer, USA ADVIA ADVIA 1650
colorimetry
Triglyceride Lipase, GK, GPD, Triglycerides reagents Bayer, USA ADVIA ADVIA 1650
colorimetry
HDL-cholesterol Enzymatic method  Direct HDL-cholesterol Bayer, USA ADVIA ADVIA 1650
LDL-cholesterol Elimination HDL-cholesterol Bayer, USA ADVIA ADVIA 1650
Enzymatic method
Glucose Enzymatic method Glucose hexokinase Bayer, USA ADVIA ADVIA 1650
Free fatty acid ACS-ACOD NEFA HR.T Roche, Germany Modular analytics P
(colorimetry)
Table 4. Ginsenoside content of puffed red ginseng
Ginsenoside contents (mg/g)
Rgi Re Rf Rg>+Rhy Rb, Rc Rb,+Rbs Rd Rgs Rh,
Putfed red 5 1 222 0.85 0.36 5.05 2.43 1.73 0.71 0.31 0.26

ginseng
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Fig. 1. HPLC chromatograms of the
ginsenoside standards (A) and the puf-
fed red ginseng powder (B).
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Table 5. The saponin content of experimental diet and changes of daily intake in treatment groups

Groups]) Saponin content (mg/g) Diet or water intake (g/d) PRG intake (mg/d) Saponin intake (mg/d)
A 4.8 30.51£6.36 91.50+17.43 0.439+0.047
B 6.1 30.32+6.28 181.9423.59 1.109+0.112
C 33 119.0+15.1 166.6+30.47 0.549+0.045
D 4.4 130.0+8.90 364.0£25.65 1.602+0.138

1)Groups are the same as in Table 1.

g, Ao| M H Y| 2A HEl
Bkt B2 S5 Aot dafEdAY AS 57
2lolgg W Sl A= 932 Table 63 2t} A9
MA A Ht AFS 321.846.0 gol, T8 Al AT
A3}k Fbalo] F B0l 386.5 g2 TFE 2ol H]
3 oA =Tk AT S AT W Gl (B)o]
0.63 go= 7 wokar, W54t &4 ol (A, B2 7

7+ 0.84 4 1.62 g, B34 F5F7(C, D)2 7H7F 0.96

Ehge. A% F Ao EEFERS W hEAE o]
# % BRO06%)] BAM O folah ¥R, $5FE

A3 EAE ] (118~130 mL/d)o] Y% (163 mL/d)
Bop AR FohA AAHXK0.05). °] F AT F
7he Bl zao]l 7 weked], ol HF W B-AlEY]
2 QA3 AEad e o] A3et o= 3| Fojrke]
gy} A AAY Z Aue] A AE HoL(35),
Ao s gz Aolas(FER) | B4t &2

L

fu

2 0.97 go2 fFolH Aol AT Aol FHFS G T3} Felgat SE ol vlE)] Yol At AT T
ZT(E)o] 27.08 g/d=2 71 Wekar, Bskg4t Fdat(A, 7F JAlel = 2 &3 gl Ao Alrdd.
B B34 S5 T(C, D)2 vk A dFH e Aoz v Bkt BT 55 Aolvt S FiF e Y] FAl
Table 6. Effect of PRG on weight gain, FER, and water intake in STZ-diabetic rats
Body weight (g) Diet intake 2
1) )
Groups Initial Final Gain (g/d) FER Water (mL/d)
A 317.0£25.4% 352.5462.3%% 0.84+1.45™ 30.51+6.36"°  0.028+0.011* 126+18.9°
B 316.0+£18.2 386.5+61.6 1.62+1.42 30.32+6.28 0.053+0.021° 118+19.7°
C 323.0420.3 363.1£61.8 0.96+2.19 31.58+6.88 0.030+0.012° 119+15.1°
D 322.0+40.3 362.0+73.5 0.97+1.80 31.08+6.80 0.031£0.011° 130+8.90°
E 331.0+25.7 359.0+38.7 0.63+1.37 27.08+7.26 0.023+0.010° 163+17.7°

1)Groups are the same as in Table 1.
2)FER feed efficiency ratio.

Values are mean+SD (n=10).

YNS: not s1gn1ﬁcant

*Different letters in the same column are significantly different at P<0.05 by Duncan's multiple range test.
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Table 7. Effect of PRG on organ weights in STZ-diabetic rats
Organ weights (g/100 g bw)

Groups]) ; ]
Liver Spleen Kidney Testes
A 3.2320.46% 0.18£0.03% 0.44+0.11* 0.52+0.11°
B 3.2240.57° 0.2240.06  0.39+0.08" 0.47+0.06"
C 3254035  0.2040.04  0.42+0.09° 0.48+0.08"
D 3.1940.64"°  0.19£0.02  0.44+0.12* 0.46+0.09°
E  2.69+0.11° 0.21+0.07  0.32+0.05° 0.42+0.03°

)Groups are the same as in Table 1.

PValues are meantSD (n=10).

*Different letters in the same column are significantly different
at P<0.05 by Duncan's multiple range test.

“NS: not significant.

Table 73 2th. HFFAlE Gtz (E)
9 go 2 AT TF(3.19~3.23 g)oll B3] A
oA wokth(7X0.05). ¥IgF-AlE 0.18~0.22
Zpol 7k il e, AT A= T t2(0.32 g)i
g],:Q:/\LNsUJ_EL(A C, D)O] 574]7(4 2 o]-].;ﬂ e
71]# w3} Yshgal EEa o] Ax 7 v%
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Aol7h B e d3
Table 8JJr Zt}. Streptozotocin ¢
—8— 221.0~292.8 mg/dLZ A3 7ho
G e 259.8+29.4 mg/dLoTh A5
?5} 5 Zx%a} /\]fﬂ 1_Zr_g] @DL
o % BwH(255.4 mg/dL)¥} C(189.5
mg/dL) 7kl i}ol 7F AR 3(/X0.05), o2 AT
H =38tk A8 FradzaE)S AL Asks
ﬁ“‘é@%"ﬂ’ﬂ% é‘%o] tast ot EAA S Aol gl
Aok A9 FTE A3 g v AT FollA CF
°] 177.5 mg/dLE BAH SR FJstA FATh/X0.05).
g Al 7|3 St @7e] A e Ve 9
H Al 8 A 89 4 &2 Table 99 20k Alg 714
A £ gk jﬁﬂ%ﬁ*é‘. ool
wAa7F FHEAT S AR 15 Jﬁ@ri“

53.9 mg/dL ﬂAé}aiﬁ NY 2%

5}03‘4 AlE %
, 14.5 mg/dL
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Table 8. Effect of PRG on blood glucose levels in STZ-diabetic rats

Blood glucose (mg/dL, week)

)]
Groups 0 1 2 3 4 5 6
A 278.5:118.9™9% 224 6+120.9™Y 198.2+111.7° 220.5+131.3*  229.5£129.2°  237.4+149.1°  225.0£147.0°
B 292.8+113.2 255441427 170.0£116.8  201.1£27.6™  201.7£115.5® 197.7+146.1™ 183.2£138.7"
C 221.0+140.0 189.5+119.5°  158.0+72.1 179.0£108.9°  171.0+94.8" 154.0£94.8°  177.5%116.7°
D 268.2+135.8 230.0+155.7°  218.7+165.1  226.1£152.2*  220.5£150.6° 222.5£161.9° 221.9+£162.8"
E 238.5£127.3 221.7+110.3"  223.2+128.0  238.9+1254* 239.0+136.8° 226.4+116.8° 231.3£126.0°

l)Groups are the same as in Table 1.
Values are mean+SD (n=10).
NS: not s1gn1ﬁcant

“Different letters in the same column are significantly different at P<0.05 by Duncan's multiple range test.

Table 9. Effect of PRG on average and accumulated decreased levels of blood glucose in STZ-diabetic rats during the experimental

period
Blood glucose (mg/dL, week)
Groups”
roups 1 2 3 4 5 6 Decreased (mg/dL, %)

A -53.9” -26.4 +22.3Y +9.0 +7.9 -12.4 -8.9+28.0” 19.2
B -37.4 -85.4 +31.1 +0.6 -4.0 -14.5 -18.3+39.7 37.4°
C -31.5 -31.5 +21.0 -8.0 -17.0 -23.5 -15.1+19.8 18.7°
D -38.2 -11.3 +7.40 -5.6 +2.0 -0.60 -7.70+16.2 17.3°
E -16.8 +1.50 +15.7 +0.1 -12.6 +4.90 -1.2+11.9 3.0°

1)Groups are the same as in Table 1.

Accumulated decreased level of blood glucose every week during the experimental period.

Average decreased or increased level of blood glucose contrast to last week.

Average decreased rate of blood glucose in last week compared to reference blood glucose.

Values are mean+SD (n=10).

Different letters in the same column are significantly different at P<0.05 by Duncan's multiple range test.
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Table 10. Effect of PRG on hematochemicals in STZ-diabetic rats

Serum lipids (mg/dL)

b
Groups TC? TG HDL LDL FFA
A 62.3048.62~99 89.00+26.47° 23.50+4.28"° 10.70£4.37"° 568.84+52.9%)
B 59.80+12.22 86.78+17.45 21.67+7.84 12.22+2.64 574.0£55.7
C 66.60+9.64 86.80+17.99 25.00+4.76 12.4043.57 606.3£68.2%
D 58.60+14.48 99.50+31.13 20.70+4.14 10.60+4.40 705.5+58.5°
E 58.60+9.23 87.60+16.74 20.10+2.88 11.10£3.11 536.8+45.2°

)Groups are the same as in Table 1.

ITC, total-cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; FFA,

free fatty acid (peq/L)
Values are meantSD (n=10).
“NS: not 31gn1ﬁcant

*Different letters in the same column are significantly different at P<0.05 by Duncan's multiple range test.

AR o5 frofshAl w3, v FshgaFold(A, C, D)
& 7t7b19.2, 18.7 4 173%i Hlszegitt. ol e gt A=
BEHEA E B2 Table 504 3= wps} ko] Ekso]

£ % 4 APEUAAHRA.109 mg)j} Az Z7F 2ol&
&% g 54 F I £5F 52 ueld o B
FAHPRG) ARA S| Baol §8E wAE 1A Aow
SEELL

YoFA B W S8 Aol Fx fuAle] A Y5
Ao w3 G Table 103 2ol Fel At FFL
AT ARAA FEAAE Aol 7} galrh. HPFEY
A AHAR Fudle] DY A FEE F 2265

58.60~66.60 mg/dL, /3 A2 86.78~99.50 mg/dLZE
],__o]_ i, 1:111:;]1:]—13]4 =i zﬁtﬂt;(]]ﬂ.ﬂ_]ll Egﬂ)\gﬂii

= 7—11' 20.10~25.00 mg/dL, 10.60~12.40 mg/dL= &
ol A7k AT AR e kA 55
D(0.28%)°] 705.5 neq/L=E B3t B2 o] (A, B)
I FeUFETERY SARSZ {5 Z=ATHIK0.05).
AR AE W SAAATe] AL SYAER 7}
T gl A Ao A ERTE EujEed, A
WAke] s =7t Skl mhebA] Rhe] Qlad wiE S A
3 F4l A (gluconeogenesis)©l 17}51134 Zw=gol| H]s|
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