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Effects of Black Ginseng (9 Times-Steaming Ginseng) on Hypoglycemic Action
and Changes in the Composition of Ginsenosides on the Steaming Process

Suong-Nuen Kim* and Shin-Jyung Kang'
Food Safety Bureau Food Management Division, KFDA
'Department of Oriental Medicine Resources, Joongbu University

Abstract This study examined the effects of black ginseng (9 times-steamed ginseng) on hypoglycemic action in streptozotocin-
induced diabetic rats as well as changes in ginsenoside composition by the steaming process. As the number of steaming
cycles increased, the amounts of crude saponin and most ginsenoside contents decreased, while the amount of ginsenoside-
Rg3 and the ratio of PD/PT (=[Rb,+ Rb,+ Rc + Rd + Rg,]/[Re + Rg,+ Rh,]) increased. This ginsenoside composition is a
unique characteristic compared to other types of ginseng products. In order to investigate the hypoglycemic effect of the
black ginseng extract, in vivo studies were performed in rats with streptozotocin-induced diabetes. The studies showed that
the administration of the black ginseng extract decreased high blood glucose levels (more than 300 mg/dL) to a normal level
(102 mg/dL). These results suggest that this black ginseng extract has a significant hypoglycemic effect and can be used
as an anti-diabetic substance for dietary supplements or new drugs.
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, Fe @5 AFAEE 9x9 A4S ARSI Y
2 BE71E HHE Sl 100 mesh sieveEs T3 F=H -
delst SAHEEE olFEHd] AEEAN AR 2 SAFEE
FEANEZ AMEEITE 4] 9 APE TE2 Sprague
Dawley@&F7l 150-170 g)Al rats: (F)Q2IQIE HEo] 2 (Seongnam,
Korea)ollX] +d3ted AM2-3F3ATE Methanol, isopropanol, acetonitrile
S HPLCMS 2o AMg-¥l &vl= J. T. Baker (Phillipsburg,
NJ, USA) #A#-2, ginsenosides ETF 8% (Rg,, Re, Rb,, Re, Rb,,
Rd, Rg, Rh)2 Wako(Osaka, Japan) A|&-S AME-3I3L, a-glucosidase
T AN ARE ZF F 24 B AR Sigma (St
Louis, MO, USA)llX &) ARGkt
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Ginsenoside®] #1S Li¢} Fitzloff ¥ (18,19) 2 Povoviche}
Kitts WH20)0] F3le] F3a19th. AT 0.5¢S 250 mL &
% g7)o Y3, methanol 50 mL 7} F 50°C F&-Fol|A 208
7+ 23 th F28HL 3,000 pmell A FAEE] T A5H
347313 0.4 um membrane filter2 4343+ & 50°CollA] 7Y
=3tk 49 5= ZFEL methanol 1 mLoll §3)A1A HPLC/
MSD(Alliance 2690, Waters, Milford, MA, USA)E #2{3}3it}.
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HFEES FAT STZHEAFEEFAH(STZ +BG group)o =
TEste SEAYES Y3t STZ group?t STZ+BG group
o AR FE vharo] WMo IS fFEAA Ao A
4319 +=dl, SmM citrate buffer(pH 4.5)°1 =<1 streptozotocin(50
mg/kg body weightyS # o] E7Jol| 13] FAlSt #de pAx
& FHAIA insulin 28] P7+Fx(insulin dependent diabetes
mellitus: IDDM)E F=3FATH AR 624 16717 A2 & 78]
Ao dAg AFH st IS AV, A7 240 mg/dL
o]l He AHAsEE AE3ATh Control groupS 5mM
citrate buffer(pH 4.5)7hS 5Lgt PO R FH A FARSIAL AR
F, 2A% A7 70-110 mgdL E 92 MAE AEEh
STZ+BG group STZ FAF 3 A8 7947 345588 1gL
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AAT v A& o, HEZdE ol F Teflon-pestle Wheaton
Elvehjem(Samsung PMC, Daegu, Korea)>2 Z2A& I slar
100 mM Tris/HCL, 5mM EDTA, 10mM p-mercaptoethanolS- S+
F3 150mM KCl £ (pH 7.4y ARE-3lo] 20%(wiv) 22 314
AS Azseh TS 10,000xgolA 1587 Q4 Bl s
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Glucose= glucose oxidase®} peroxidase®] 24| FARFSS o]
43t A 288 o-dianisidine®] FFEE 425 nmollA A
stod A Th(11-13). EFETHL 25-150mg% =2 glucose
NS At sy, S 2L T 10%(Ww)
TCAR AT st Yilie] & wdE wid AAES AAS 4
SN glucoseE A FakATE.
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HA9] insulin FE= Pl-insulin kit(Shibayagi, Shibukawa, Japan)
£ 0] &3}9] radioimmuno assayE 35T HAIE 02mL
9} anti-insulin 02 mL& A|@¥ol] ¥ 02mL insulin-'*1E 2]
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Glucokinase®] 242 FA317] 3l REEAAEES] glucose-6-
phosphate”} glucose-6-phosphate dehydrogenase®ll <J3l 4tsl2 of
AAEE NADPH 4 340nmolM e S3=2 ZA39ed,
50 mM Tris-HCI buffer(pH 7.5), 100 mM glucose, 5mM MgCL,
5mM ATP, 0.1 mM NADP* ¥ glucose-6-phosphate dehydrogenase
7F 02unite] FEE ZA3IAT Glucose-6-phosphate®l] glucose-
6-phosphatase”} RH-3-& o AP E= QAAS AFFo=N 7
glucose-6-phosphatase &84S 57319191, 6-phosphogluconate
dehydrogenase §4~8Hd-> 50 mM potassium phosphate buffer(pH
7.6), 10mM MgCL, 1mM NADP*, 5mM 6-phosphogluconate &
02 F4E WgAS AREEle AT pH 7.69014] glucose-
6-phosphateE 7142 ARESIGIE o ST B4 glucose-
6-phosphate dehydrogenase®} 6-phosphogluconate dehydrogenase2]
a4 F3olt}. webA, glucose-6-phosphate dehydrogenase &
A T 4] HA| €234 6-phosphogluconate dehydrogenase
o] gAgAe] ol oE AHE3FSTE Acetyl CoA carboxylase



o] &4 A4S 2181 50mM TrisHCl(pH 7.5), 10mM sodium
citrate, 10mM MgCl,, 0.5mg/mL BSA, 3.75mM glutathione
(reduced), 3.75mM ATP, 0.125mM acetyl CoA, 12.5mM NaH"
CO, %‘:7} s A5 249S 7}0}&1 37°CollAl 1087
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100 g, dioxane 1L) 10mLE 7}8t § tricarb liquid scintillation
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Fig. 1. Changes in the content of crude saponin according as the
number of steaming and drying.
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9] 7¥ao) 710lek= Ao E AEQI) oj9k= WHHE, ginsenoside-
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ginsenoside2] Protopanaxa diol(PD)/Protopanaxa triol(PT)E &2 3]
=oFE A3E Jeidth S2399 Z719) 37 ginsenosides-
Rg,} ginsenoside-Rh, o 3Hd57F @3S F2 9] vhEd} s 2
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AEoF nyEe] Jon, Zike] TRy F /R vhee
%= ginsenoside-Rb, ginsenoside-Rb,, ginsenoside-Rc, ginsenoside-
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group®] A2l 16A17F T e 391 mydLE B3l ¥, STZ+
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23k o]§7} insulin®] Aol <3 AJNXE= Q
9] insuling =S =73ke] Table 201 YR SI=dl, 22 control
group insulin =7} 4.0 ng/mL, STZ groupe 1.4 ng/mLo| AT}
ool ¥lsll STZ+BG group STZ groupETthHe 2 0.1 ng/mLe]
Sahwo] SHEOIZN SHFEEC] insulin®] TVl Hs 4
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Table 1. Variations of ginsenosides content on black ginseng according as steam and dry-processing times

Ginsenosides 1T 2T 3T 4T 5T 6T 7T 8T 9T
Rg, 1.15+0.01 0.92+0.03  0.82+0.02  0.73£0.01 0.11£0.01 0.05+0.01 0.00£0.00  0.00£0.00  0.00+0.00
Re 4.94+0.03  4.76£0.03  2.93+0.02 1.25+0.01 0.15+0.01 0.09+0.00  0.12+0.01 0.05+0.00  0.05+0.00
Rb, 9.26+0.15 9.47+0.16 7.53+0.14 5.81+£0.13 1.60+0.02 0.96+0.01 1.17+0.02 0.69+0.01 0.82+0.01
Rc 4.68+0.12  4.72+0.11 4.04£0.09  2.48+0.08  0.70+0.01 0.45+£0.02  0.52£0.02  0.37+0.01 0.41+0.01
Rb, 4.85+0.14  5.09£0.12  4.44+0.11 2.83+0.02  0.84+0.01 0.49+0.02  0.58+0.04  0.38+0.02  0.43+0.02
Rd 2.02+0.08  2.37+0.05 1.95+0.02 1.93+0.03 0.81+0.01 0.57+0.01 0.66£0.02  0.53£0.02  0.57+0.03
Rg, 0.42+0.01 1.12+0.03 1.74+0.02 6.41+0.14 8.17+0.14 8.38+0.12 8.50+0.18 9.15+0.20 9.22+0.21
Rh, 0.00£0.00  0.00£0.00  0.00£0.00  0.00£0.00  0.00£0.00  0.00+£0.00  0.00£0.00  0.01£0.00  0.03+0.00

Total 27.32 28.45 23.45 21.44 12.38 10.99 11.55 11.18 11.53
PD/PT? 3.5 4.0 5.3 9.8 46.6 71.5 95.3 185.3 143.1

DSteam and dry-processing times.
PD/PT =
Each value is the mean of three determinations with standard error.

Table 2. Effects of black ginseng extract on blood serum glucose
and insulin in STZ-induced diabetic rats

Groups Glucose (mg/dL) Insulin(ng/mL)
Control"” 62.20+6.80 3.94+0.79

STZ? 391.40+31.30* 1.45+0.30*
STZ+BG? 101.60+8.00 0.13+0.03*

YNormal rat group.

IStreptozotocin-induced diabetic rat (50 mg/kg body weight).

30ral administration of the black ginseng extract during 3 weeks (5
mg/kg body weight/day).

* The mean difference is significant at the 0.05 level (p<0.05).

Each value is the mean of three determinations.
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Aoz 3t wehA, B A¥e] STZ+BG groupelAl insulin
Fove SV gkoy 9Ae w2 g Hel ool o
34 insulin FH] £33 Hules FEAHCSZ insulin 974 S0
o 7190 & Uth= AL wAIE F glem, A Xxg o]
=7 e ‘4“41/‘]' A BAEA0] sfMe] E Aste] § 8
Aoz g3k Aoz vEr)

EAFES0| STZ =i Fo| 7 S48 OXl= HE

2 o] §AFA nE Jeke eld
44 S *—1 3}ed Table 39 YERARITE. Glucokinase
e STZZA 18 unitmg® & control group®] 56 unitmg®] 32%

[ginsenoside(Rb,+Rb,+Rc+Rd+Rg;)]/[ginsenoside(Re+Rg,+Rh,)].

o] FAS FRIFL AU, STZHBG group] glucokinase &
do] 49 unitmgd =F STZ groupX.t} 2.78] H2 FAo|%lor
control groupd] &9 87%E ‘3l oIttt &, & A3
o] A#}ZRE SAHFEES #35E glucokinase €4 3|Eo]

e 258 1 4’53’_ USRI + U
S SASEEY] glucose-6-phosphatase T Aol HIX=

+e -?LJ‘S 7] {lsted STZ3=rgfat Z‘r]"ﬂﬂ] E’E}—T%%—o— o
3k & glucose-6-phosphatase2] &4 st A3}, STZ+BG
group control group?] 6H £ /}J@] ‘6‘}1:— g
STZ group®Et} 1.58] =2 SATHE UepEo=ZN SH4FE

&
o7} glucose-6-phosphatase&/d A 3ol 7]oJ8kA] X3l oH, 2
3|2 glucose-6-phosphatase®’d-& FHAI71= G28-& 3= Ao
=2 ﬂo]é}oidr
w}\l

E-9] glucose-6-phosphate dehydrogenase &gl v]X|=
=5 QJOV] et STZR =W fdwold SAFE=s 7
& H=E3 7+9] glucose-6-phosphate dehydrogenase g2
3k A3} control groupllAl 400 unit/mg, STZ group®lA] 51
unit/mg, STZ+BG group®lA] 190 unit/mgS UEPHSZH] SA5
ZE9| glucose-6-phosphate dehydrogenase &2 3&8A1Z=H,
control groupd] 13%5OIE STZE = Tr”"—TL,] glucose-6-
phosphate dehydrogenase®] S48 S4HS FoSto 2N 48% I
F7HA A AR YERET

£ 3, 6-phosphogluconate®l] 4] D-ribulose-5-phosphate=. %1
%kA)7]= 6-phosphogluconate dehydrogenase €42 =73t A3}

v 2 of
"ol ot ok J{

Table 3. Effects of black ginseng extract on liver in STZ-induced diabetic rats

Groups Glucokinase (Unit/mg protein) Glucose-6-phosphatase (Pi pM/min/mg protein)
Normal" 56.14+£0.43 0.10+0.01
STZ? 17.51+£0.21* 0.49+0.03"
STZ+BG extract” 49.47+0.33* 0.73+0.01"
Glucose-6-phosphate dehydrogenase 6-phosphogluconate dehydrogenase Acetyl CoA carboxylase
(Unit/mg protein) (Unit/mg protein) (malonyl CoA nmole/min/mg protein)
400.01 +4.90 40.21£5.10 0.30+0.07
51.24 +4.30* 5.34+2.10* 0.17+0.03*
190.14 + 3.84* 53.04+3.10* 0.32+0.06

l)Normal rat group.
IStreptozotocin-induced diabetic rat (50 mg/kg body weight).

90ral administration of the black ginseng extract during 3 weeks (5 mg/kg body weight/day).

*The mean difference is significant at the 0.05 level (p<0.05).
Each value is the mean of triplicate determinations.
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control group®] 40 unit/mg,

A STZABG groupoll A& 53 unit/mg

S HoH, S4FEEE] 6-phosphogluconate dehydrogenase &
Aol A 713t s 1T 7 AT EF acetyl CoA
carboxylase 32 control group®l41 0.30 nmole/min/mg protein,

STZ group®llX= 0.17 nmole/min/mg protein® 2 23} 7343}
FAT, STZ Gyt FHdAA SAFEES FA95H 032
nmole/min/mg protein®. 24 A5 &4AAS et oy
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o] HHEEE 2HESHH Table 49 A4S A
% %1+l 6-phosphogluconate dehydrogenase & %E2] 3JEAH
7} 118%=A] control groups 33|38 ¥ U™XA]= control group
B 30-60% WA FEEL IS g1 + o
Z, insulin 502 EFulE= G484 NEFE
°] 100% 3] HA7IA Zab G484 35 60% olste] =
o7 713l = o] gt AFRO R = Table 304 RiF+= %4
ol 77k YA Z Z31E STZHBG group?] FH=| 102 mg/dL

o] insulin AAdoll+=

Hno
=

)
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tiste] sk Mg st offnh weby SEFEE] Fo
7} STZ group®] EBAE o2 A7l AL 3 Fol
= 1+ 8450 B4 I 715 I SHFEE A9 insulin
A5 0] A 285 Ao 71913t Aoz FHHr).
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vl =
Streptozotocin-fr= = RS o|8ste Sikel digs)

2hgol et a5 A7t FEHY IWE ginsenoside®] =
A W3lE EMEIT S XY ginsenoside®] H#EA Ad SX
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Table 4. Effects of black ginseng extract on recovery of liver
enzyme activities in STZ-induced diabetic rats

Enzymes Relative activity" (%)
Glucokinase 56.9
Glucose-6-phosphate dehydrogenase 34.7
6-phosphogluconate dehydrogenase 118.6
Acetyl CoA carboxylase 50.0

DRelative activity = (STZ+Bi grou;l))—(STZ group), 19
ormal group
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