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ABSTRACT

Background: This study examined the hypoglycemic and kidney protective effect of black ginseng in streptozotocin-induced dia-
betic mice.

Methods and Results: Diabetes was induced by treating mice with streptozotocin (STZ) for four weeks. In vivo studies were per-
formed in order to investigate the hypoglycemic effect of the black ginseng prosapogenin (GBGO05-FF) extract. The body weight and
blood glucose level were measured. Moreover, after the mice were sacrificed, the kidneys were isolated and histological changes
were observed with hematoxylin and eosin staining. Blood urea nitrogen and creatinine levels were also measured. The results
showed that administration of black ginseng increased body weight. Compared to blood glucose levels in STZ mice, blood glucose
levels were reduced by 48% in STZ mice supplemented with 300 mg/kg of black ginseng, and by 69% in STZ mice supplemented
with 900 mg/kg. Furthermore, histopathological examination of STZ mouse kidneys revealed, changes in the kidneys, epithelial cell
damages, inflammatory cell infiltration and glomerulus hypertrophy. However, a significant reduction of glomerular water droplets
(indicative of glomerulus hypertrophy) was observed in the kidneys of STZ mice supplemented with black ginseng extract.
Conclusions: These results suggest that black prosapogenin (GBG05-FF) ginseng extract has a significant hypoglycemic effect and
can be used as an anti-diabetic substance and renal protective agents as part of dietary supplements or novel drugs.
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Alolt}, e Al wet A& 84z e JHA
23229 2] BEME (beta cell)?] EH|HoZ Cl&d AFO
2 &) A FoiAE AR o] FARA] Fsl] BAsH= Al
18 B} A T2 QeEd A3 o5t Qled
o] FjARRE- G&0] Fote Qe B4 A 2%
=2 ERH 53], gz g A Agke 3
Fe7E A &EAA BAsks 202 AR wA
AR S Al o] B, b e] Faxoldo s
4 Fd 5ol YeUA Edt. 0|2 Q&) iy} Frtsiar A
A 33L& (Glomerular Filtration Rate, GFR)®] 7ZrA%w,
ol AU HEY E43S U8 xAed AV 4
AdAA 24 9 A7dd= 45 F4) Dt} (Tuomilehto et
al, 1998; Wolf and Ziyadeh, 1999; Forbes and Cooper,
2013; Vlassara and Uribarri, 2014). %3+ @izol] &3 213
AZO] E4e 7] 58-S wivisk= IL-1, IL-6, IL-8,

2o wo=&
TNF, NF-xkB 59| Alo]E7}Ql (cytokines)s 7l & 7}+<l
(chemokines)®] 9231 2Rgolle] dlof AAAS FEsh |

o} (Asgari et al, 2013; Triantafilou et al, 2013). =
AFESS ¥ G A% PSS dish] g A=
4o S AAE 2 AAE 7 FFEeIA e AT
7} &3] o]FoJX 3L Ut} (Renno et al, 2008; Grover et
al, 2001; Al-Malki and El Rabey, 2015).

O14t (Panax ginseng C. A. Meyer)> tHEA<l WA
2hgshe oFE =2 dhiolA HIIF HiREE)el Sk, A
A& Fatelghal sfar, 9]y FAG T
£ 5 9 Ela s
ol 7] R
R, HH7] (i), FrlelA] @&
EENZ thget Agidd =40 dFEH U (The
Textbook Compilation Committee of Pharmacology of Herb,
2006). 3] 2 FaAH2 ginsenosides= Al F7FA] &4t
A 32 wiellA 24F0] BHSAIEA 2 FR|of TS B
28l YukE <l ginsenosidesE 57 7| zZh= ginsenosides
2 Agstde AE7F AEEL At HSo] shlolxe &
270l Qlake] o] gEo] ghom, HAE w@e AelA <l
TIF greiRih 58], 34k Alx T4 QA
H ool T AxHHORE FAEEH d, 4
< Fste] QAo f-&3 g Aol
ZoR dEFEe 7k 7ol ol#fd 7RIk ¢
S dEjgo s Fa kg AJE<Ql ginsenosides®] FF2t
g9Eb UubEQl IR a3t ol gEA e
w, ®= 3AoA] ginsenosides, saponin, phenolics, proteins
ol F8 AMEL 2S 7R FxE Hsldra B
A=At (Baek er al, 1996; Yun, 1996, 2003; Kim et
al, 2007a, 2007b). £3] H RN Z4te NARTE
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%3 Alzheimer’s disease®l] 2|3+ 719 234 A &3} (Park
et al, 2011), UG (Lee ef al, 20117} JTHL HILH
Row, Fredelae] &9t g3 (Kim and Kim, 2015), @9
7¥sl& 3} (Kim and Kang, 2009)%= B ¥ T3k 2 2ol
= CSTBLKS/A-db/db »F-2~5 ©]g3te] SA4te] B S
A B BAEF oY (Kim ef al., 2012), Fixe] i3
2dol STZE o] &3 Iardor Z4e] AR T g 7o)
3 ATRTE YT

et B AFoxs STZE Fedh G Rdox] Sk
ZZAEAY FEE (GBGOS-FF)ES o835l Pz 9 &
g Age] R 28-S ATt silth

W 9

1. A=
SH B SR Skl AejE s <At
[e)

(Panax ginseng C. A. Meyer)S TU35t] ARSI T QS
235 M|#7] (Cleaning Machines, Sambo, Pocheon, Korea)

of ¥ 1027+ & 33] WHaslA AXsien AlH 3y &

of o] A FeE AT AHE & 7|, i
I, 29 H 2dd 55 B4 3§, e Al Bhe
s Al & F4ke] Vb AR R ARSIt Al
HE o4te Ax7] (KL-290, WooSung Election Company,

=
=

Andong, Korea)S ©]-8-31] 50Col|A] 24417+ AZx3le] 7o)
AZE e AxsNen AFMS Z<47] Mach Steamer
10-KM, Daechang ENG Eumseong, Korea)S AR&-3to] 95Co||
A 6AIE TE T, 60CA R T 15%7A sk
Al S5 2 A% HFE 53] wHEale] HEAoR R
°] 13%-15% o7t HEE Axste S4Hs Az sl
AZE SAHE 70% ethanolol] 1:109] HI&Z Ho] 80T A
8AIZ A 23] FEaI o, &3 § 5 m 4 FA] (No.
1, Advantec MFS Inc., Dubiln, CA, USA)S AR&3lo] o}

sttt ARE FEAS AFEFTE o8] w5 F F
A7NZE B3 B AR Az

AzxE S4F dge F2ES FoA Foabr] S8 g4l
=] FHF FE=7F 300 mgkg 2 900 mgkg o] H=E stod Al
g3t
2. ==

TE AYS A3t FEAY Gyeldsle] A o
2} 4le)E we = g ST (59 WS WKUI5-101).
Al BEL 11209 453 ICR (15-209)8 G-ylE=

(Osan, Korea)ollX] 73ttt 8559 A2 54 B4
o HA) (Specific Pathogen Free, SPFY3ENS 43517] 9l3}
o] S7|AXE 2= barrier systemolA ARSSISITH AlES &



o AREA HANEE 5

g MY 162eR YT, olF 12
1 e BB A Age I &
0.1 M sodium citrate buffer (pH

FoJ351t} STZ
400 mg/dLo Y do] 28 7S &

Streptozotocin (STZ =1
4.5)0 Ho] 60 mgkg/d &How 23] H7F
Tml s 549
¢l ¥ GBGFF-05¢] 73+ FolE& AT GBGFF-05+
AEE (300 mgkg/d), IEE (900 mghkg/d)E o] STZ
2 HE " 123 F 47 A AYEte] 457 AT FoE A
AlBIATE. v A, G, AEs A¥d, sk A
% o 284 SAAA AE 2 A 248 A&

]
Blood Glucose, FBG)2|] &%4& ©
g2 A 1A " & Eﬂ%”—ﬂ"ﬂ"ﬂ ZHKE:]O}-A}\—U:]a
AEe AL 9F=47] (Acuu-Check, Roche Diagnostics
Korea Co., Ltd., Seoul, Korea)S ©|-&3lo] 243l 7z} A
Aol tigh do] wisks #EiTh

9}

. &3 W Blood urea nitrogen, Creatinine S

AHZ Y = ARE 33 2A7} EoE F A
# (Greiner Bio-One GmbH, Kremsmnster, Austria)l]l 3=
T 1527F Aol WAIste] §AAIZ] $- 3,000 rppmOE 1
7F 94 EElste] A& d*oF Photometer 5010 (Robert
Riele GmbH and Co. KG, Staufen, Germany)Z ©]-&3}]
546 nm 3o A Blood Urea Nitrogen (BUN)S, 505nm 3}

Aol A creatinines =7 33T

o nd

T

6. X!

i |
477 AT -r‘x]?} Ao AgxHE
paraformaldehydeol] 24X 7F @71 4 3, sl

UEIX-I HA
4% F 4%

I 4L

AXl & 24 dH7] (microtome)E ©]&35to] 3 um FAZ vf
Asle] A &= A7 2174 22)2] Hematoxylin
and Eosin (H&E) 948 93l 24&eto|=E hematoxylin®
2 5EZF GA% & eosin® 2 2-3% 7F FAEY S 7+
ZAETH)EE 2% periodic acid X0 Z 10ETF AFsA]T]
3 schiff 07 37T 3087 FA3IATE 9 23&
Zlo|=x Bk S o]&ste] 22T Wals AEsIsiT
q

EE H&E AAE A doe &34 wet 1-557
o2 o] ﬁﬂo}"iﬁuﬂl, SeES 45 7P Bol it

HLAA=T] 50% TRE 4, ST TiEEe] LA
2 Z9A =T &Rk s4tolt)
off Oist ol olF WA ZdeA AA oP’iE‘r (Dobrzynskl et
al., 2002).

oy -
m rom o) of

7. SAHX

BE AYe 53 WG] Bas BEUAE U
means + SDE X 7|3} 2™, SPSS. ver. 22 (SPSS Inc.,
Chicago, IL, USAYS ARE-3te] EAHEA (ANOVA)C.Z A
T 7+e] ZolE Scheffe’s testol] 2Jsled |24 z0)E p<

0.05 5ol A AR 3
2o 9 o
1. SAlo] I2AAY FE2 (GBGO5-FF)0| STZ Sapet
Fo| A=l Olxl= sk
GBGO5-FFe] F=2 It AlFitiol vXE FTFS o}
®7] 98l STZ “h&%ﬂa‘ HollAl w1 300 mg/kg, 900 mgkg

body weight?] GBGO5-FFE 457F 7+ Fofst & 3F 9] A|
% S7FFE 343k (Table 1). = A3} normal group
£49] AFZI7IE HIL, STZ groupe 25F7KKE F718F
AFgS B0 35, 4500 PAEE e 2w
STZ + GBGFF-05 (300 mg/kg) groupS 25xol] LA]Z ¢l
IS as Boltpyt viA] B &EEASH  STZ + GBGFF-05

A o

2o

N

Table 1. Body weight in streptozotocin-induced diabetic mice after oral administration of black ginseng ethanol extract.

Initial weigh (g) 1 Week (g) 2 Week (g) 3 Week (g) 4 Week (g)

Normal 249+ 1.2 309+ 1.1 344+24 356+ 1.6 379120

STZ 258+ 1.6 269 + 1.1 28.2+15 271 +24 26.8+1.2

STZ + GBGFF-05 300 25,5+ 1.3 28.0+ 1.5 256+ 1.5 27.7+t1.6 28.6+1.2
STZ + GBGFF-05 900 242 +17 263+ 2.7 284 +2.1* 27.8+1.7 31.4 +2.0*

Mean values + SD from triplicate separated experiments are shown. Statistical analyses were conducted using Scheffe's test (n

significant difference at p < 0.05 vs. each STZ-induced mice group.
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Table 2. Blood glucose in streptozotocin-induced diabetic mice after oral administration of black ginseng ethanol extract.

1 Week 2 Week 3 Week 4 Week
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
Normal 140.0 + 3.0 120.7 £ 6.1 141.3 £19.6 154.0 + 10.6
STZ 407.3 £12.5 339.3+£19.0 498.0 £ 49.4 565.0 + 62.2
STZ + GBGFF-05 300 417.7 £43.7 319.0 £ 25.2 244.7 + 41.5% 294.3 £ 22.0%
STZ + GBGFF-05 900 381.7 £ 26.1 349.0 £ 22.5 278.0 £ 34.6% 175.3 £ 84.5%

Mean values + SD from triplicate separated experiments are shown. Statistical analyses were conducted using Scheffe's test (n = 5). *Indicate

significant difference at p < 0.05 vs. each STZ-induced mice group.

(900 mg/kg) group 3520l ko] AFHAE Ho|AL 453}
e oAl 7 Stk AFF 2R 452|= normal group
37942000 BI&] STZ groupS 268 +129] AF HAE B
Qo H, STZ+GBGFF-05 (300 mgkg) groupS 28.6+12¢,
STZ + GBGFF-05 (900 mg/kg) group 314+20g2] AF =
7Fe BAth ol TRE Qs ASAE STZ T2 A%
9] beta-celle] T =o] Sled A FolE Lo Fuirke]
EAES ZUFeEMA, X oM 2= o]&Eo] st
wof AA B Al o] &A1 AR AFo| Aa
Aoz X Ett (Beppu e al, 1987). T3+, GBGFF-05
o] Al AFT7he GUAR] Exdo] slaEo] A =
olg-go] 3EH Aoz Helrh

0.

ot Hm i X

2. BHO| TR2ARDAL $52 (GBGO5-FFO| STZ Y
Flo| ddxisloll ORl= Hst

GBGO5-FFe] d37)alate-S dotrnr] fl8te] STZ Bt
2 HollAl Wi 300 mgkg, 900 mg/kg body weighte] GBGOS-
FFS 457 A4 5o &, 92 43 23 normal group}
STZ groupZ (5ol 4572 JPErE o] A&H oz &
7FIaTh. §3], STZ group?] 92 1590 407.3 +12.5 mg/
dLold 450lE 565.0+ 622 mg/dLE 28% Z718Iich. whd
STZ + GBGFF-05 (300 mg/kg) group 150 417.7 +43.7 mg/
dLolA 2943 +22.0 mg/dLE 29% 74813 STZ + GBGFF-
05 (900 mgkg) groupS 150l 381.7+26.1 mgdLol A 1753
184.5mg/dL=E 54% 7HAslTt. 47l x ] AxE BH, STZ
groupdll W|8] STZ+GBGFF-05 (300mgkg) groups STZ
+GBGFF-05 (900 mg/kg) groupS ZFzb 48%, 69%2] d4 7+
2 35 YERIITE (Table 2). whebA] 71329 A2R T (Kim
and Kang, 2009)5 S¥Hsk= 2324 GBGO5S-FF7I §4]

AT
& FYYS /15l YL FAT & Yk

E
=

3. SAlo| I2AIFAIH FEZ2 (GBGO05-FF)0| STZ Yt
Flof £IEo| Jisol OXls dgk

GBGO5-FFe] @xz 13 2715 Aololl e J3FS
ol 7] 9al 83 W BUN creatininie =74 3131tF. BUN
o Aol AZPEE ER1s] Qg A E F SR H=gh

L
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Fig. 1. Effect of GBGFF-05 on serum biochemical parameters
of STZ-induced mice for 4 weeks. (A); Blood Urea
Nitrogen (BUN), (B); creatinine. Normal; non-diabetic
group, STZ; diabetic control group, STZ + GBGFF-05
300; diabetic group treated with GBGFF-05 (300 mg/kg),
STZ + GBGFF-05 900; diabetic group treated with
GBGFF-05 (900 mg/kg). *Indicate significant difference at
p <0.05 vs. each STZ-induced mice.

g HIsE GRS 4, ABFF B9 2910 o3 27}
9 % olrk. 53] YR A% ARl DlAEE £ 0 A

A BlthE GFRE #4aAA BUNo| 718 ®t} (Hewitt
et al, 2004). =3} creatininee <5 W tirlellA sk
creatine®] FAHER AREA|OA oFE]e] M) AFTE 7
A gg710l A APdEE ERleke ARE A 210t} o
Al A1ge] AR oo g ofmbgo] THAadhA HW I
creatinine®] F== ST ®} (Allen, 2012). WA 2E
A3}, BUNOIME STZ group?t Blwd w] STZ+ GBGFF-05
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ool

(300 mg/kg) groupe] W& FAE YERISH, STZ+ GBGFF-
05 (900 mg/kg) group®lA+= normal groups} FARE 35
YUERATE (Fig. 1A). CreatininedlAe A3 HAAA 743}
= A%S BHYom, STZ groupel Hl&] STZ+ GBGFF-05
(300 mg/kg) group3 STZ+ GBGFF-05 (900 mg/kg) group©ll
A W FAE Blou, o4l Aole VEREA] &%
o (Fig. 1B). °]&& BUN°| T7ksk= 21 STZo <Jdt
beta-cell®] IZZ AU SledHo] FE3M| Tz, M A <]
F oA At AR o] RA] ok, A A7 ok
Ho] wafj=|aL ole] mE ko] 84 o] TR Wi
1] GBGFF-05= AUl #74= ohld Faje} 7ke] 943Hd
718 Ao En Iz A% EF T AP 7)5E
382 AR AbgEL

o o

==

4. B0 Z2AED|H =2 (GBGO5-FF)0| STZ St
Fo| LIEto] RIS Bisl0l| O[Xl= 2isk

GBGO5-FFo] Ji=fd Fo] We|zskd] Wl njx|=
kS Uoli 7] 913 hematoxylin and eosin FA o2 EF

gor), Age] SRS FASIA. 1 A, WA

(CV)

9E
E
-
]

®) 5
i [
£
i
Fig. 2. Effect of GBGFF-05 on STZ-diabetic mice in the kidney.

Histological sections of mice kidneys, (A); typical histological
kidney sections (magnification x 200) from a; normal, b;
STZ, ¢; STZ + GBGFF-05 (300 mg/kg), d; STZ + GBGFF-
05 (900 mg/ke). (B); quantification of kidney tubule damage
(scaled 1 -5), carried out under double-blind conditions.
Values are means+SE (n=5). *Indicate significant
difference at p < 0.05 vs. each STZ-induced mice.
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o4 normal group®] A% AFZA| (renal glomerulus)?] 2
B39} AREAl U] 3= (vascular pole), YA (distal
tubules), £A1¥= (uninary pole), F™U 37+ (capsular
space), AFA AL (podocyesyso] 2 HEF ST WA,
STZ groupollA= AFEAl HIE (hypertrophy)e} &7 H5AH|E
o] AaF} o|FTAEL] FF T FEF o] AFEIL
1}, STZ+ GBGFF-05 (300 mg/kg) group2} STZ+ GBGFF-
05 (900 mg/kg) group AIX= FEMES] FFo] A 7+
25 e Zo] #AFEUY (Fig. 2).

ool AdE FTYSHA 457F streptozotocin = FiH
Rdls o]gale] S4ke] Fst BHE We|al 4] B
a3E A3 A3} STZ+GBGFF-05 (300 mg/kg) groupst
STZ + GBGFF-05 (900 mg/kg) groupe A4 B3 a2 ye}
wor, 2 neaya sl ddtst ael Al 1A o
AEHE Hole o2 Heln wEbA ole S4te] A%+
Add g ZIe] HRloEA shlella 27k (HiE)e] st
2 (MH) @l sigsle 2712 Al (B)e] 92 245
e T FERYE SEF F S FoE AlEHh

AR =
B ATe SR FARIMEESAN A 2015-403-
02)2] A|hell &Js) o]Fojzl Az olo FTAL=HYT}
REFERENCES

Allen PJ. (2012). Creatine metabolism and psychiatric disorders: Does
creatine supplementation have therapeutic value? Neuroscience and
Biobehavioral Reviews. 36:1442-1462.

Al-Malki AL and El Rabey HA. (2015). The antidiabetic effect of
low doses of Moringa oleifera Lam. seeds on streptozotocin
induced diabetes and diabetic nephropathy in male rats. BioMed
Research International. 2015:381040. http://www.hindawi.com/
journals/bmri/2015/381040/(cited by 2015 Jan 5).

Asgari E, Le Friec G, Yamamoto H, Perucha E, Sacks SS, Khl
J, Cook HT and Kemper C. (2013). C3a modulates IL-13
secretion in human monocytes by regulating ATP efflux and
subsequent NLRP3 inflammasome activation. Blood. 122:3473-3481.

Baek NI, Kim DS, Lee YH, Park JD, Lee CB and Kim SI.
(1996). Ginsenoside Rh4, a genuine dammarane glycoside from
Korean red ginseng. Planta Medica. 62:86-87.

Beppu H, Maruta K, Krner T and Kolb H. (1987).
Diabetogenic action of streptozotocin: Essential role of
membrane permeability. Acta Endocrinologica. 114:90-95.

Dobrzynski E, Montanari D, Agata J, Zhu J, Chao J and Chao L.
(2002). Adrenomedullin improves cardiac function and prevents
renal damage in streptozotocin-induced diabetic rats. American
Journal of Physiology. Endocrinology and Metabolism. 283:E1291-
E1298.

Forbes JM and Cooper ME. (2013). Mechanisms of diabetic



O

complications. Physiological Reviews. 93:137-188.

Gong SE, Yoon 1J, Heo DS and Oh MS. (2007). Study of
Oriental medical science documentory records of “So-gal”.
Journal of Daejeon University Institute of Oriental Medicine.
16:107-114.

Grover JK, Vats V, Rathi SS and Dawar R. (2001). Traditional
Indian anti-diabetic plants attenuate progression of renal
damage in streptozotocin induced diabetic mice. Journal of
Ethnopharmacology. 76:233-238.

Hewitt SM, Dear J and Star RA. (2004). Discovery of protein
biomarkers for renal diseases. Journal of the American Society
of Nephrology. 15:1677-1689.

Kim AJ, Yoo HS and Kang SJ. (2012). Ameliorative effect of
black ginseng on diabetic complications in C57BLKS/J-db/db
mice. Korean Journal of Food Science and Nutrition. 25:99-104.

Kim KT, Yoo KM, Lee JW, Eom SH, Hwang IK and Lee CY.
(2007a). Protective effect of steamed American ginseng(Panax
quinquefolius L.) on V79-4 cells induced by oxidative stress.
Journal of Ethnopharmacology. 111:443-450.

Kim SJ and Kim AK. (2015). Anti-breast cancer activity of fine
black ginseng(Panax ginseng Meyer) and ginsenoside Rg5.
Journal of Ginseng Research. 39:125-134.

Kim SN and Kang SJ. (2009). Effects of black ginseng(9 times-
steaming ginseng) on hypoglycemic action and changes in the
composition of ginsenosides on the steaming process. Korean
Journal of Food Science and Technology. 41:77-81.

Kim SN, Ha YW, Shin H, Son SH, Wu SJ and Kim YS.
(2007b). Simultaneous quantification of 14 ginsenosides in
Panax ginseng C. A. Meyer(Korean red ginseng) by HPLC-
ELSD and its application to quality control. Journal of
Pharmaceutical and Biomedical Analysis. 45:164-170.

Lee MR, Yun BS, In OH and Sung CK. (2011). Comparative
study of Korean white, red, and black ginseng extract on
cholinesterase inhibitory activity and cholinergic function.
Journal of Ginseng Research. 35:421-428.

Oh TW, Kang SY and Park YH. (2013). Histological analysis of
five organs in streptozotocin-induced diabetic rats. Korean

E - 20l - Mes - Es8t - =

120

A

S il |=={o= N

[= ey,

b
Fob

IA—I

Journal of Herbology. 28:39-45.

Park HJ, Shim HS, Kim KS and Shim I. (2011). The protective
effect of black ginseng against transient focal ischemia-induced
neuronal damage in rats. Korean Journal of Physiology and
Pharmacology. 15:333-338.

Renno WM, Abdeen S, Alkhalaf M and Asfar S. (2008). Effect
of green tea on kidney tubules of diabetic rats. British Journal
of Nutrition. 100:652-659.

Song JC, Kim SU, Chae SA and Eom DM. (2012). A review on
thirst disease prescription in “Sikryochanyo”. The Journal of
Korean Medical Classics. 25:39-49.

The Textbook Compilation Committee of Pharmacology of
Herb. (2006). Pharmacology. Dongmyeong Publishers. Paju,
Korea. p.773-775.

Triantafilou K, Hughes TR, Triantafilou M and Morgan BP.
(2013). The complement membrane attack complex triggers
intracellular Ca®* fluxes leading to NLRP3 inflammasome
activation. Journal of Cell Science. 126:2903-2913.

Tuomilehto J, Borch-Johnsen K, Molarius A, Forsn T,
Rastenyte D, Sarti C and Reunanen A. (1998). Incidence of
cardiovascular disease in Type 1(insulin-dependent) diabetic
subjects with and without diabetic nephropathy in Finland.
Diabetologia. 41:784-790.

Vlassara H and Uribarri J. (2014). Advanced glycation end
products(AGE) and diabetes: Cause, effect, or both? Current
Diabetes Reports. 14:453. http://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C3903318(cited by 2015 Dec 21).

Wolf G and Ziyadeh FN. (1999). Molecular mechanisms of
diabetic renal hypertrophy. Kidney International. 56:393-405.
Yun TK. (1996). Experimental and epidemiological evidence of
the cancer-preventive effects of Panax ginseng C. A. Meyer.

Nutrition reviews. 54:S71-81.

Yun TK. (2003). Experimental and epidemiological evidence on
non-organ specific cancer preventive effect of Korean ginseng
and identification of active compounds. Mutation Research.
523-524:63-74.



	서 언
	재료 및 방법
	1. 연구재료
	2. 실험동물
	3. 당뇨 유발 및 실험군
	4. 체중 및 혈당 측정
	5. 혈청 내 Blood urea nitrogen, Creatinine 측정
	6. 조직 병리적 검사
	7. 통계처리

	결과 및 고찰
	1. 흑삼의 프로사포게닌 추출물 (GBG05-FF)이 STZ 당뇨유발쥐의 체중에 미치는 영향
	2. 흑삼의 프로사포게닌 추출물 (GBG05-FF)이 STZ 당뇨유발쥐의 혈당저하에 미치는 영향
	3. 흑삼의 프로사포게닌 추출물 (GBG05-FF)이 STZ 당뇨유발쥐의 신장의 기능에 미치는 영향
	4. 흑삼의 프로사포게닌 추출물 (GBG05-FF)이 STZ 당뇨유발쥐의 신장의 조직학적 변화에 미치는 영향

	감사의 글
	REFERENCES

