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Abstract — This study was carried out to investigate the in vivo and in vitro inhibitory effect of a traditional herbal complex
(HC) extract prepared from a mixture of four oriental herbs (Dioscorea Rhizoma, Glycine soja Sieb. et Zucc, Bombycis corpus,
Fermented Glycine soja) that have been widely used for the treatment and prevention of diabetes mellitus on hyperglycemia.
The water extract of HC showed potent inhibitory effect on o-glucosidase with IC,, value of 1.24 mg/mL. Additionally, the
ethanol extract of HC was also found to exhibit significant inhibitory effect against protein tyrosine phosphatase 13 (PTP1p),
which is known as a major regulator of both insulin and leptin signaling. In the PTP1f inhibitory assay, the most active n-hex-
ane fraction obtained from the ethanol extract of HC, was identified as a mixture of fatty acid derivatives by gas chro-
matography—mass spectrometry (GC-MS). In high-fat diet-low dose streptozotocin (STZ)-induced diabetic rat, the water extract
of HC improved the oral glucose intolerance as compared with rosiglitazone. HC also caused a marked decrease of body
weight and fasting blood glucose and a significant improvement on glucose tolerance in metabolic syndrome mice model.
These findings support that this traditional HC may be useful in the control of blood glucose in diabetes mellitus and metabolic

syndrome.
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(A)Model of STZ-induced diabetic rat
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H-HC : High-fat diet + herbal complex
H-STZ-cont : High-fat diet + streptozotocin control
H-STZ-HC : High-fat diet + streptozotocin + herbal complex
H-STZ-Rosi : High-fat diet + streptozotocin + rosiglitazone
HC: Herbal complex

(B) Model of mice of metabolic syndrome
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HC: Herbal complex

Fig. 1. Protocols of animal experiment.
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A 5o Pk AMgE S ek Y

AoREBA o] H,05EE 2 ethanoF-E22] a-glucosidase
Al de] A3E Table 16 YERNATE AoHa3HAI] H,0
FEE2 25, 1.25, 0.63 mg/mL F=N4 a-glucosidase &
AL 7y 73.5%, 50.5%, 21.7% A3l ste] 1C,, kol 1.24
mg/mL ©] O, ethanolFE &2 FY F=olA 60.6%,
42.3%, 16.3% Ad sl ICy,+= 1.92 mgmLE 1= T}
o]+ 0.8, 04, 0.08 mg/mLE=AX Z}Z} 69.3%, 46.7%,
38.2%2] AL (1C5,=0.39 mg/mL)S 22 acarbose (&
A olokEo g AR T2l FEHE) B}t H,0FEE°] 1/3
v 7heEe] RS S UERIIT E3FEE oA &

Table 1. Inhibitory effect of a-glucosidase activity

Cogzgﬁit)lo“ Inhibition (%) 1Cy, (mg/mL)

HC H,O ext. 25 73.5 1.24
1.25 50.5
0.63 21.7

HC EtOH 2.5 60.6 1.92
ext. 125 423
0.63 163

Acarbose 0.8 69.3 0.39
0.4 46.7
0.08 38.2
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1 acarbose &5°l 1/38] ==2] 94| 252 74
AL B3FEE o a-glucosidase S EHFHOZ
Agke Edo] EFHUS AR ATETE whA, o] A
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A ode ¢ Ao} 7= At A AlAELL e
acarbose®} 72 a-glucosidase A3 A= F717F E-88 4
T AR A dojA ERRNEY, FE, HAF 5 R
< YERN AL Qo] 2 ARgo] Ak & Qlrt. o]of] F-&h-g
o] AL AAEENE IS Fode At g
sl P Jom, tekst dAdE FEEENYH o
glucosidase #8147} Hej=o] Bl H 3ty H A
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Table II. Inhibitory effect of PTP1P activity
Concentration Inhibition 1Cy,

(ng/ml) (%) (ug/ml)
HC H,O ext. 800 10.2 -
400 NA
80 NA
HC EtOH ext. 800 64.00  498.46
400 42.11
80 36.07
HC n-Hex fr. 800 68.44 44432
EtOH 400 4239
ext. 80 37.20
MC ft. 800 4443 951.75
400 27.12
80 15.63
EtOAc fr. 800 5756  670.58
400 34.08
80 20.33
n-BuOH fr. 800 6267  560.56
400 41.99
80 23.70
H,0 fi. 800 65.43 490.73
400 41.96
80 35.82
Suramin 1.0 (0.8 uM)  59.67 0.72
0.5 (0.4 uM) 4004  (0.57uM)

0.1 (0.08 uM) 34.89

NA: Non-active
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Fig. 2. GC-MS chromatogram of the n-hexane fraction of ethanol extract from herbal complex (HC).

Table III. Composition of n-hexane fraction of the ethanol
extract from HC by GC-MS

Retention G
No, Retention time Compounds

Relative area

(min) (%)
24.97 Palmitic acid 6.21
2 25.66 Octadecanoic acid 15.52
28.19 Methyl ester 8,11- 2.1
Octadecanoic acid
4 28.38 Methyl oleate 2.7
29.60 Methyl ester 4- 19.54
hydroxy Octadecanoic
acid
6 30.28 Ethyl linoleate 19.29
30.50 Ethyl oleate 23.94
31.46 Eicosanoic acid 242
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gAo] olF e 5= (800 ug/mliz=olA 102% A &
A)012001}, ethanol EE-2- 1C,7k0] 498.46 pg/ml 55
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ERATE o]& &9 FollA 7PE A3k oA EAo] e
n-hexane F-8 5 (IC,, a0 444.32 pg/mL)2| AE-S 318
7] f18te] GC-MSE AAI8kATt (Fig. 2, Table 3).
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Fig. 3. Changes of body weight in STZ-induced diabetic rat.
HC: Herbal complex, H-cont: High-fat diet control, H-HC:
High-fat diet + herbal complex, H-STZ-cont: High-fat diet +
streptozotocin control, H-STZ-HC: High-fat diet + streptozotocin
+ herbal complex, H-STZ-Rosi: High-fat diet + streptozotocin
+ rosiglitazone.
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Table IV. Body weight, food intakes and food efficiency ratio (FER) in STZ-induced diabetic rats.

Group Initial weight (g) Final weight (g) Change of body weight (g) Food intake (g) FER
H-cont 209.7+2.2 523.5+22.0 313.8+12.6 1227 0.26
H-HC 198.3+£10.2 485.5+14.2 287.2+£15.2 1244 0.23
H-STZ-cont 202.9+1.2 371.9+1.2 169.0+0.4 1207 0.14
H-STZ-Rosi 195.3£1.0 340.4+3.3%* 145.1+£2.9%* 1319 0.11
H-STZ-HC 209.0+0.7 358.242.5%* 149.2+41.3** 1252 0.12

Values are represent the meantSD (n=8). **p<0.01 compared to diabetic (STZ) control. H-cont: High-fat diet control, H-HC:
High-fat diet + herbal complex, H-STZ-cont: High-fat diet + streptozotocin control, H-STZ-HC: High-fat diet + streptozotocin +
herbal complex, H-STZ-Rosi: High-fat diet + streptozotocin + rosiglitazone, HC: Herbal complex

g kg AoA AE ) TG ol §Fo] huwA
71, 25, Az Wel e A gado] B o
3

Al
UAIE Artshket] aREo] AlFo] 4| 35EA] %7

600

~O— H-cont

—/— H-STZ-cont
500 1 - H-STZ-Rosi
-~ H-STZ-HC
—@— N-HC

400
300

200
100 /EZQ%@

0 30 60 120 180

Fasting blood glucose (mg/dl)

Minutes

Fig. 4. Changes in blood glucose levels during OGTT in STZ-
induced diabetic rat.

HC: Herbal complex, H-cont: High-fat diet control, H-HC:
High-fat diet + herbal complex, H-STZ-cont: High-fat diet +
streptozotocin control, H-STZ-HC: High-fat diet + streptozotocin
+ herbal complex, H-STZ-Rosi: High-fat diet + streptozotocin
+ rosiglitazone.

Table V. Changes in blood glucose levels during OGTT in

Folth® wabd B A STz o8] e Fam
do] AF e TR el wE il B 7)<l
she ASE AlRH

IX|Ao] Y X2 STZ fE Yol E7E
S AL (OGTT) - AE3AE HFAAT SElA
Yees B=E &218t7] £13l oral glucose tolerance test
(OGTT)Z A3t} (Fig. 4, Table 5). Glucose'Fe] ¥ 30
HollA] 603 Alelol] BE A3FA Hax|o] FRFAE
Horh Aol AEre] 7% AFEA Aol A
FaA] ¢k 3} BlwEk] glucose o 30EoA W &
Free BAor Fo3Q1 2ol #FEA] ISIrh B3
STZ FrRdolA thza2] -9 glucose o] 5 304
7} 6050l Z}7} 495.0+10.6 mg/dLS} 494.3+1.2 mg/dLE
1 A5tz 120500 38224123 mg/dLE W 2=
gel & 4 ik g4 ded AL sk A
o A7 Al 28 G5l rosiglitazoneS FoI3
o] A4+ glucose £ 5 30482 60l 436.2+28.9 mg/
dL®} 442.8+10.84 mg/dLE. HH#H 22 °F 60 mg/dLAY =S
HFs7t A 52 7He Ao ERIEen, ol
rosiglitazone®] l&¥ 73 TSS9 FHePIA Vs
3 dH el Aotk 3, YFEIA S FojF o]
£ 30837 6059l 463.5+5.5 mg/dL, 456.1+21.1 mg/dLE
Gt zto] HlEle] HEH o °F30-40 mg/dLP =] &

f

od I

1 o

sl
o ol

o

STZ-induced diabetic rat (mg/dL)

Time (min.)

Group
0 30 60 120 180
H-cont 84.3£1.9 161.67+7.5 147.0£2.5 115.67+4.4 104.0£7.0
H-HC 94.2+3.2 139.6+7.2 137.2+6.4 107.8+3.00 106.01£2.9
H-STZ-cont 328.7£14.8 495.0+10.6 494.3+1.2 382.2+12.3 354.3+1.8
H-STZ-Rosi 331.4+15.7 436.2+28.9* 442.8+10.8* 353.3£11.8 339.1£12.1
H-STZ-HC 322.0£11.2 463.5£5.5% 456.14£21.1* 357.9+12.8 345.5+5.5

Values are represent the meantSD (n=8). **p<0.01 compared to diabetic (STZ) control. H-cont: High-fat diet control, H-HC:
High-fat diet + herbal complex, H-STZ-cont: High-fat diet + streptozotocin control, H-STZ-HC: High-fat diet + streptozotocin +
herbal complex, H-STZ-Rosi: High-fat diet + streptozotocin + rosiglitazone, HC: Herbal complex
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Fig. 5. Morphology of pancreas. Hematoxylin and eosin-stained
paraffin sections of pancreas from high-fat diet control (A),
high-fat diet + streptozotocin control (B), high-fat diet +
streptozotocin + herbal complex (C) and high-fat diet +
streptozotocin + rosiglitazone (D) treated rat.

Magnification of histological section 200

3 7HE Ao gL ol 4o

FZ7t A &% 3ol
E3Ae] PTPIR E4F EHH 02 AA|sl= 59 759
olale] Qe #g 7152 Aol 2 Fialsol that

]
71571 &%oletal AehET)

oX|gAo] ¥ MBE STZ R =2=Fe =&s&H A
Ab - F7gol| st ZZ‘tﬂﬂ‘ﬂﬂ ArL A, A Y S
FoJalA] oo FEv> FASE Ao Aert AzsiAl gt
o] UL, r 051glltazone~ Fodl 82 Hwd 98
BES FABL ATt 22U, AGEFAE FAT &
EoMe A7) gAsk: o] et gtz &
ZlolE HolA] gFo}, Wo] UYL ks 7)ol = vl
&3kt (Fig. ).

LAt ER 2Hol AHE A &Y Wiz 40|88 -
SIARA O R A FTE FEAIT] miced] AR7IIHE
ol A5 & o] M3l Fig. 69, 2]o]a&-2 Table 6
o] YFERAITE. AlFRstol thalir = i Axb= AL
U BE ATl 1l1'7‘:6]' A F77F #AZEJTH AR
AFHTE] ASF7HFRE izl vis] @A Yeley HD
oF LD ZF AF ol & F94 Zfole= 130T

Kor. J. Pharmacogn.

60
—O— cont
| 7 HD
-+ LD
50 4
E &
-
*
w.
35 4
30 T T T T T T T
6 7 8 9 10 11 12

Week
140

120

100

80 4

Fasting Blood Glucose (mg/dL)

60 1

40 T T T T T T T

Weeks

Fig. 6. Changes of body weight and fasting blood glucose level
in high-fat diet induced metabolic syndrome mice.

Values are represent the meantSD (n=8). *p<0.05 and
**%p<0.001 compared to high-fat diet control.
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Table VI. Body weight, food intakes and food efficiency ratio (FER) in mice of metabolic syndrome

Final weight (g) Change of body weight (g) Food intake (g) FER

Group Initial weight (g)
High-fat diet control 36.3x1.4 46.3£1.8
High dosage 36.2+0.3 42.5+0.7
Low dosage 36.5+0.4 42.5+1.2

10.0£1.7 252 0.04
6.2+0.3%* 235 0.03
6.1£0.5%* 243 0.03

Values are represent the mean+SD (n=8). **p<0.01 compared to diabetic control.
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Table VII. Changes in blood glucose levels during OGTT in mice of metabolic syndrome (mg/dL)
Time (min.)
Group
0 30 60 120

High-fat diet control 150.2+7.3 251.3+15.7 248.7+16.3 237.6£10.3

High dosage 98.2+7.7%* 228.3+13.3 217.2+20.0 148.6£15.7%**

Low dosage 99.9+123%* 231.0+£9.0 108.7+8.5%* 145.3+£10.3%**

Values are represent the mean+SD (n=8). **p<0.01, ***p<0.001 compared to high-fat diet control.
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Fig. 7. Changes in blood glucose levels during OGIT in
metabolic syndrome mice.

Values are represent the meantSD (n=8). **p<0.01 and
***p<0.001 compared to high-fat diet control.
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