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ABSTRACT

AIM: To study the hypoglycemic activity of ginseng glycopeptide (GGP). METHODS: Normal mice or rabbits
and aloxan or streptozotocin-induced hyperglycemic rats or mice were used in the study. Blood glucose and liver
glycogen levels of the experimenta animals during the tria period were anayzed by spectrophotometry with
O-toluidine and iodine reagents, respectively. RESULTS: Significant decreasesin blood glucose and liver glycogen
levels were induced in a dose-dependent manner after administration of GGP 50, 100, or 200 mg/kg injected ip or
sc to normal mice and injected im 30 or 60 mg/kg to norma rabbits. The hypoglycemi c activity of GGP lasted for
about 16 h, and were examined in both normal animals and hyperglycemic animas. CONCLUSION: GGP injec-
tion induced the pronounced decresses in blood glucose and liver glycogen levelsin both norma and hyperglycemic

animals.

INTRODUCTION

Ginseng is one of vauable Chinese materiamedica
and plays animportant role in the folk medicine in the
East Asian countries, such as China, Japan, and Korea.
The higtory of using ginseng for therapeutical purpose
in these countries can be traced up to 5000 years. Gin-
seng has been recorded to treat “ Xiaoke” (emaciation
and thirgt) symptom in many ancient Chinese medical
literaturd™. “Xiaoke’, in general, indicates diabetes
mellitus. However, the history of using modern tech-
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niques to study thisherb’ s pharmaceutica and pharma
cologicd effectsisno morethan 90 years. Inthe lagt
three decades, alarge amount of pharmacologica re-
searches havereveded that ginseng can decrease blood
glucoselevel innormal and experiment-induced hyper-
glycemic animals?. In the last decade, both our group
and Japanese researchers have extended the previous
results to the chemical and pharmacological effects of
another kind of active component, ginseng glycopep-
tide (GGP)'*®. It has been reported that ginseng
polysaccharides contain cons derable amount of polype-
pti des ranging from 1.6 % to 27 %'". Since ginseng
pol ysaccharides are not single component, we coined
this GGP. GGP compound hasfollowing pharmaco-
logical effects immunomodulatory, antitumor, anti-
ulcer, and hypoglycemic activities. Among the above-
mentioned functionsof ginseng, hypoglycemic activity
ismogt outstanding.
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MATERIALSAND METHODS

Animals Male Wigar rats weighing 150-160 g,
male Kunming strain mice weighing 20-22 g, male rab-
bits (CBWS grain) weighing 2-2.5 kg (Grade | 1, Cer-
tificate No 10-5110, Experimental Centre, Changchun
College of Traditional Chinese Medicine) were used.
They weremaintained a room temperature under ater-
nating 12-h light/dark photoperiod, and could accessto
gstandard laboratory food and fresh water ad libitum.

Chemicals and reagents Ginseng gl ycopeptide
(GGP) was isolated from Jilin white ginseng (Panax
ginseng CA Mayer), which was obtained by the De-
partment of Phytochemistry, Academy of Traditiona
ChinessMedicine and Materia Medicaof Jilin Province.
Molecul ar weight of GGP was 6000. The glycon part
of GGP cond sted of rhamnose, arabinose, ga actose,
and glucose, and the ratio of these componentsis 0.46:
1.61:1:2.37. The peptide part of GGP conssted of 16
amino acids (Asp, Glu, Pro, and others). GGP was
dissol ved in physiologica saline and made up into the
predetermined concentrations. Insulin, aloxan, and
sreptozotoci n were purchased from Sigma (St L ouis,
MO, USA).

Experiment design Four experimentswere con-
ducted in thisstudy in order to investigate eff ects of
GGP on glycometabolism of norma and hypergly ce-
mic animals. All the experimental animals were ran-
domly alocated into the predetermined groups (refer to
tables). Physologica saine was used for all the ani-
malsin the control groups.

Experiment I, thisexperiment conssted of two
trias trial 1, norma micewere used; and trial 11 normal
rabbitswere used. Intrid I, animasin the trestment
groups were daily injected with GGP (ip or sc, with
regard to dosages, refer to tables) for 3 d; whereas,
those in the control group were injected with sdine at
10 mL/kg. Animals were killed a the end of the
treatment. Intrid 11, animaswerekilled by decapita
tion 6 h after GGP injection (im). In the both trials,
blood and liver tissue were rapidly coll ected from the
animals for the measurement of blood glucoseand gly-
cogen levels.

Experiment |1, normal mice were alocated into 6
groups. Groups1 and 4 were the control s and injected
with salineat 5 mL/kg. Groups2 and 5 were i njected
withinaulin at 5 U/kg, and Groups 3 and 6 werein-
jected with GGP at 200 mg/kg. Animaswerekilled at
different timeintervas, and the blood and liver tissue

were collected for the measurement of glucoseand gly-
cogen levels.

Experiment |11, hyperglycemic rats were prepared
by iv adminigration of 0.7 % aloxan (70 mg/kg)
solution. The aloxan solution was made with saline.
Beforedloxan adminigration, the experimental animals
were faged over night. Rats having blood glucoselevel
a 16.65- 24.98 mmol/L were el ected and used at d 5
after dloxan intoxication. Forty-eight hyperglycemic
rats were equally divided into 4 groups: aloxan-
intoxicated, alloxan and insulin-treated, alloxan and two
GGP-treated (different doses) groups. Twel ve hormal
rats wereinjected with saline served as acontrol group.
From d 6 to d 11 of intoxication, normal and intoxi-
cated control groups were daily injected with saline
(2mL-kg* d*) sc and the 3 treated groups were in-
jected withinsulinat 1 U- kg™ d*, GGP 100 and 200 mg-
kg' d*, respectively. On d 8 and 11, blood samples
were obtained through tail vein 1 h after administration
of GGP for the measurement of blood glucose levd,
then treatment was stopped. On d 17 of intoxication,
the blood glucose was measured again. From d 18 of
intoxication, GGP was daily injected again. On d 21 of
intoxication, al the rats were decapitated, blood glu-
cose and liver glycogen contents were measured 1 h
after fina injection of GGP.

Experiment 1V, 90 mice were injected ip with
sreptozotocin (STZ) prepared with 0.05 moL /L citric
acid solution at 90 mg/kg, and the blood glucose level
was measured on d 5 after injection. Sixty hyperglyce-
micmicehaving 13.88- 22.2 mmol/L blood glucoselevel
were selected and divided equaly into 5 groups. Extra
12 micewere taken asnormal control group. Fromd 6
tod 11 after STZ injedion, thenormal and ST Z-intoxi-
cated groups wereinjected with sdine at 10 mL /kg once
aday sc. The other groupswereinjected sc with the
medicinesas shownin Tab 5. Ond 8 andd 11 &fter
STZ intoxication, blood sample was taken from orbital
vein for the measurement of blood glucose level. Then
treatment was stopped and blood glucose contents were
measured again until d 14 after STZ intoxication. The
trestment was resumed from d 15 to d 17 after STZ
intoxication. Micein all the groups were decapitated
and blood was sampled for the measurement of blood
glucose level 1 h after lagt injection of the medicines.

Measurements of blood glucose and liver gly-
cogen contents Blood glucose concentration and liver
glycogen contents were measured using O-toluiding®,
and iodine reagents?, respectively.
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Data analysis The values were expressed as
mean+SD. The sgnificance of difference vs the con-
trol group was determined by Student’ s¢ te<t.

RESULTS

Effects of GGP on the levels of blood glucose
and liver glycogen in mice and rabbits Thelevels of
blood glucose and hepatic glycogen contents in both
mice and rabbits were decreased after GGP injection
a@the sgnificantly (P<0.05) or highly sgnificantly (P<0.01
or over). Thisdecrease howed adose-dependent man-
ner (Tab 1).

Tab 1. Effects of GGP on the levels of blood glucose and
hepatic glycogen in mice and rabbits. n=8. Mean+SD.
*P>0.05, "P<0.05, ‘P<0.01 vs control group.

Group/ Blood glucose/mmol>* Hepatic gycogen/mgyg™ Wit
mgkg™ ip sc ip sc
Mice
Control 6.7+1.3 5.9+1.6 43+17 38+24
Ins5U%g? 3.9+0.6° 4.140.9° 608" 64+11°
GGP 50 5.0£1.0° 4.9+0.6° 31+112 19+16°
100 4.8+1.0° 4.7+0.8° 27+11° 19+15°%
200 4.7+1.0° 4.5+0.9" 22+10° 14+11°
Rabbits im im
Control 6.8+0.8 10.0£2.0
Ins 5 Uxkg* 6.610.7% 15.0£7.02
GGP 30 6.0£0.6% 7.44£1. 7%
60 5.9+0.4° 6.7+1.7°

Wt wet tissue; Ins: Insulin; U: Unit (same in below tabl es).

Influences of singular GGP injection on the
levels of blood glucose and liver glycogen in mice
All the resultswere summarized in Tab 2 (glucoselevel)
and Tab 3 (glycogen level). These results showed that
GGP sgnificantly decreased blood glucose and liver
glycogen leve s during the period between 1to 16 h
after GGP injection. The blood glucoselevelsin insu-
lin-treated groups were decreased 1 h after injection,
but the liver glycogen levels of these groups were
increased. However, the changein levels of blood glu-
cose and liver glycogen was not statistical ly significant
during the period between 4 to 24 h after injection of
insulin.

Tab 3. Effects of GGP on the levels of liver glycogen in mice.
n=8. MeansSD. *P>0.05,"P<0.05, ‘P<0.01 vs control group.
Wt:wet tissue.

Group/ Liver glycogen/mgxg™ Wit

mgkg* 1h 4h 8h 16h 24 h
(ip)

Control 42+16  48+19 29+14 52+10 47+12
Ins5Uxg?* 65+19° 47+34° 44+19° 58+18° 43+14°
GGP 200 30+12°  26+15° 19+8*  38+15° 52+13°
(sc)

Control 36+10 41+21 39+18 59+26 36x13
Ins5Uxg?* 55+16° 61+30° 57+24° 63+21% 39+17
GGP 200 30+18* 32+14° 25+14° 50+18° 42+16°

Effects of GGP on alloxan-induced hypergly-
cemia in rats The resultsfrom Experiment |11 showed

Tab 2. Effects of GGP on the levels of blood glucose in mice. »#=8. MeanSD. *P>0.05, "P<0.05, ‘P<0.01 vs control group.

Group/mgkg*

Blood glucose/mmol*.*

1lh 4h 8h 16 h 24h

(ip)

Control 6.0£0.7 6.4+0.7 6.6+0.9 5.9+1.2 6.3+1.4
Ins5 Ukg™* 2.9+0.4° 6.1+0.4° 6.3+0.3° 6.0£0.6* 7.1+0.9%
GGP 200 4.5+0.9° 4.2+0.6° 5.6+0.6 4.2+1.2° 7.3+1.1%
(sc)

Control 6.4+0.6 6.3+1.0 6.6+0.8 5.910.7 6.310.9
Ins5 Uxg™* 3.1+0.5° 6.3+0.4° 6.3+0.3° 6.0+04°2 6.0+1.0°
GGP 200 6.0+0.8° 57+1.2° 5.5+0.8° 4.840.9° 6.0+1.0°
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that repeated sc injection of GGP caused g gnificant
and dose-dependent decrease of aloxan-induced hyper-
glycemia (Tab 4). When administration of insulin or
GGP was stopped, blood glucose level increased gradu-
ally and adminidration of GGP andinsulin agan induced
decrease in blood glucose leved. Although both GGP
and insulin had hypoglycemic activities, the underlying
mechanisms through which they function was differ-
ent from each other. The former caused an increase,
while the latter caused a decrease in hepatic gly cogen.
Consequently, the ef fects of GGP and insulin on car-
bohydrate metabolism coul d be through independent
pathways.

Effects of GGP on streptozotocin-induced hy-
perglycemiain mice Therepeated scinjection of GGP
caused significant and dose-dependent decrease of
sreptozotocin-induced hyperglycemia. When treatment
of insulin or GGP was stopped, blood glucose leve in-

creased gradually and adminigration of GGP and insu-

lin again induced decrease in blood glucose level
(Tab 5).

DISCUSSION

The reaults from the present study revealed that
GGP, irrespective of the way of injection (ip, sc, or im,
but not oral administration) or theanimd species(mouse,
rat, or rebbit) we used, had significant effects on hyper-
glycemiaand liver glycogen level. The hypoglycemic
activity of GGP exhihited not only on the normal animals
(mouse and rabbit), but aso on the experiment-induced
hyperglycemic animals(rat and mouse). The hypogly-
cemic action of GGP |lasted for 16 h. GGP and insulin,
although hypoglycemia can be induced by both drugs,
exhibited differentia effectsonliver glycogen level. GGP
decreased liver glycogen content, but insulin increased
it. It wasfound that GGP decreased liver glycogen

Tab 4. Effects of GGP on rat hyperglycemia induced by alloxan. n=12. MeanSD. *P>0.05, "P<0.05, ‘P<0.01 vs saline.

P<0.05, 'P<0.01 vs Ax.

Trestment Blood glucose after dloxan intoxication/mmol- L* Glycogen
5d 8d 11d 17d 21d /mg- gt Wit
Sdine 6+1 5+1 5+0.4 5+1 6+1 50+£13
AX70mg- kg* 23+10° 18+5° 23+5° 20+9° 19+7° 60+£19°
Ax+Ins1U- kg* 22+11° 61 o3 1345 10+6°f 68+22°
Ax+GGP200 mg- kg* 23+7° 743" 1144 ¢ 19+12° 12+6° 23418
Ax+GGP100mg- kg* 20+6° 83" 1357 22+9° 17+3% 26+19°

no

=— BSLBD —+ = dalydosing —= = treement— -+ daly dosing —

Ax=dloxan; BSLBD=blood sugar level before dosing; Wt: liver wet tissue.

Tab 5. Effects of GGP on streptozotocin-induced hyperglycemia in mice. n=12. Mean+SD. °P<0.01 vs control group; °P<0.05,

P<0.01 vs STZ group.

Treatment Blood glucose leve/mmol- L™*
5d 8d 11d 14d 17d

Control 6.0£0.2 6.3+0.9 6.3+0.8 6.3+1.3 6.3+1.3
STZ90mg: kg* 16.9+2.3° 17+3° 15+3° 16+5° 16+6°
STZ+Ins5U- kg* 17.142.4° 7.5£2.4 8.8+2.2' 13+4° 7+3
STZ+GGP 200 mg- kg* 17.0£2.0° 9.9+2.3 9.0£2.5 13.1+2.5° 9.6£1.3
STZ+GGP 100 mg- kg* 16.8+2.4° 10.2+1.5' 9+3' 18+7° 7.8£1.8
STZ+GGP 50 mg- kg* 16.0+1.6° 12+5° 1144 13+7¢ 9.8£2.7'

“ BSLBD = =+ daily dosing — = notreatment—= -+ daly dosing —

STZ=streptozotocin; BSLBD =blood sugar leve bef ore dosing.
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through the enhancament of phogphorylase adivity

Miyazaki (1989) reported that ginseng contained
about 22 ginseng polysaccharides, al of which had the
effectivenessin anti-hyperglycemid?. There exitsadif-
ference in the chemical structure of these polysaccha
rides, which include dextran, variety of acidic hetero-
polysaccharides. Thedifferenceinthe madecular weight
among these polysaccharides is even greater than in
chemical structure: from M, 1800 to M, 1 800 000.
Every ginseng polysaccharide containsacertain amount
of polypeptides (1.6 %-27 %). Despite of thse differ-
encesin chemica sructure and molecular weight, al
of these pol ysaccharides have the effectivnessin anti-
hyperglycemia, when they are administrated i ntraperi-
tonedly (100 mg/kg).

In the present study, the polysaccharide we used
was an acidic hetero-polysaccharide of ginseng, which
contains 5.6 % polypeptides. We found that the polypep-
tides and the pol ysaccharides in our compound were
linked via covdent bonds. T herefore, we suggested
that thiscompound should be called ginseng glycopep-
tide (GGP). In the previous studies, only ginsenosides
were recommended as the active compounds, but gin-
seng glycopeptides as wastes. In the present sudy, we
convincingly demongtrated that ginseng glycopeptides
had the effectivenessin anti-hyperglycemia. Therefore,
the results from this study have laid the foundati on to
fully utilize ginseng chemically and pharmacologically.
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