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ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﻧﺒﺎﺕ ﺑﺎﻧﺎﻛﺲ ﺟﻨﺴﻨﺞ ﻭﻣﻘﺎﺭﻧﺘﻪ ﺑﺪﻭﺍﺀ ﺍﳉﻠﻴﻜﻼﺯﻳﺪ ﻓﻲ
ﺗﺨﻔﻴﺾ ﻣﺴﺘﻮﻯ ﺳﻜﺮ ﺍﻟﺪﻡ ﺍﶈﻔﺰ ﺑﻮﺍﺳﻄﺔ ﺍﻟﺪﻳﻜﺴﺎﻣﻴﺜﺎﺯﻭﻥ ﻓﻲ
ﺣﻴﻮﺍﻧﺎﺕ ﺍﻟﺘﺠﺎﺭﺏ
ﺩﻋﺎﺀ ﺍﻧﻮﺭ ﺍﺑﺮﺍﻫﻴﻢ
 ﺩﺭﺍﺳﺔ ﺗﺨﻔﻴﺾ ﻣﺴﺘﻮﻯ ﺳﻜﺮ ﺍﻟﺪﻡ ﺍﻟﻌﺎﻟﻲ ﺍﻟﻨﺎﰋ ﻋﻦ ﺍﻟﺪﻳﻜﺴﺎﻣﻴﺜﺎﺯﻭﻥ ﺑﺎﺳﺘﻌﻤﺎﻝ ﻧﺒﺎﺕ ﺑﺎﻧﺎﻛﺲ ﺟﻨﺴﻨﺞ ﻭﻣﻘﺎﺭﻧﺘﻬﺎ ﺑﺪﻭﺍﺀ ﺍﳉﻠﻴﻜﻼﺯﻳﺪ: ﺍﻟﻬﺪﻑ:ﺍﳌﻠﺨﺺ
 ﺃﺭﻧﺒﺎ ﺇﻟﻰ24  ﰎ ﺗﻘﺴــﻴﻢ.( ﲤﺖ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳــﺔ ﻓﻲ ﻗﺴــﻢ ﻋﻠﻢ ﺍﻷﺩﻭﻳﺔ ﺑﺠﺎﻣﻌﺔ ﺍﻟﻌﻠﻮﻡ ﻭﺍﻟﺘﻜﻨﻮﻟﻮﺟﻴﺎ ﻓﻲ ﺻﻨﻌﺎﺀ )ﺍﻟﻴﻤﻦ:ﺍﻟﻄﺮﻳﻘﺔ.ﻓﻲ ﺣﻴﻮﺍﻧﺎﺕ ﺍﻟﺘﺠﺎﺭﺏ
 ﻳﻮﻣﺎ ﻟﺘﺤﻔﻴﺰ ﺍﺭﺗﻔﺎﻉ ﺍﻟﺴــﻜﺮ ﻓﻲ ﺛﻼﺙ ﻣﺠﻤﻮﻋﺎﺕ ﺑﻴﻨﻤﺎ14 ﻛﺠﻢ ﳌﺪﺓ/ ﻣﻠﺠﻢ10  ﺃﻋﻄﻲ ﺩﻭﺍﺀ ﺍﻟﺪﻳﻜﺴــﺎﻣﺜﺎﺯﻭﻥ ﺑﺠﺮﻋﺔ ﻓﻤﻮﻳﺔ ﻣﻘﺪﺍﺭﻫﺎ.ﺃﺭﺑﻊ ﻣﺠﻤﻮﻋﺎﺕ
80  ﻭﺩﻭﺍﺀ ﺍﳉﻠﺒﻜﻼﺯﻳﺪ ﺑﺠﺮﻋﺔ، ﻛﺠﻢ/ ﻣﻠﺠﻢ200  ﲤﺖ ﻣﻌﺎﳉﺔ ﻣﺠﻤﻮﻋﺘﲔ ﻣﻨﻬﺎ ﺑﻨﺒﺎﺕ ﺍﳉﻨﺴــﻨﺞ ﺑﺠﺮﻋﺔ.ﻤﻮﻋﺔ ﺍﻟﺮﺍﺑﻌﺔ ﻛﻤﺠﻤﻮﻋﺔ ﺿﺎﺑﻄﺔﺑﻘﻴﺖ ﺍ
 ﺃﻇﻬﺮﺕ ﺍﻟﺪﺭﺍﺳــﺔ ﺃﻥ ﻧﺒﺎﺕ ﺑﺎﻧﺎﻛﺲ ﺟﻨﺴﻨﺞ ﺃﻋﻄﻰ ﻧﺘﺎﺋﺞ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺣﺼﺎﺋﻴﺔ ﻣﻌﺘﺪﺓ ﻓﻲ ﺗﺨﻔﻴﺾ ﻣﺴﺘﻮﻯ ﺳﻜﺮ: ﺍﻟﻨﺘﺎﺋﺞ.ﻛﺠﻢ ﳌﺪﺓ ﺃﺳــﺒﻮﻋﲔ/ﻣﻠﺠﻢ
. ( ﻣﻞ100 /  ﻣﻠﺠﻢ21.18±154.17)  ﻣﻞ ( ﺇﻟﻰ100 /  ﻣﻠﺠﻢ27.67±215.33 ﻛﺠﻢ )ﻣﻦ/  ﻣﻠﺠﻢ10 ﺍﻟﺪﻡ ﺑﻌﺪ ﺇﻋﻄﺎﺀ ﺩﻳﻜﺴﺎﻣﻴﺜﺎﺯﻭﻥ ﺑﺠﺮﻋﺔ
 ﻫﻨﺎﻙ ﻓﺮﻕ ﺫﻭ ﺩﻻﻟﺔ ﺇﺣﺼﺎﺋﻴﺔ ﻣﻌﺘﺪﺓ ﺑﲔ ﻧﺒﺎﺕ ﺑﺎﻧﺎﻛﺲ ﺟﻨﺴﻨﺞ ﻭﺩﻭﺍﺀ:ﺍﳋﻼﺻﺔ.ﻛﺬﻟﻚ ﻋﻤﻞ ﻧﺒﺎﺕ ﺟﻨﺴــﻨﺞ ﻋﻠﻰ ﺗﺨﻔﻴﺾ ﺍﻟﻮﺯﻥ ﺑﺸــﻜﻞ ﻣﻌﺘﺪ ﺇﺣﺼﺎﺋﻴﺎ
 ﻣﻦ ﻫﺬﻩ ﺍﻟﻨﺘﺎﺋﺞ ﳝﻜﻦ ﺍﺳﺘﺨﻼﺹ ﺃﻥ ﻧﺒﺎﺕ ﺍﳉﻨﺴﻨﺞ ﳝﻜﻦ ﺃﻥ ﻳﺴﺘﺨﺪﻡ ﻣﻦ ﻗﺒﻞ ﻣﺮﺿﻰ ﺍﻟﺴﻜﺮ ﺍﻟﺬﻳﻦ ﻳﻌﺎﻧﻮﻥ. ﺍﳉﻠﻴﻜﻼﺯﻳﺪ ﻓﻲ ﺗﺨﻔﻴﺾ ﺳﻜﺮ ﺍﻟﺪﻡ ﻭﺍﻟﻮﺯﻥ
.  ﺣﻴﺚ ﻳﻘﻞ ﺍﻟﻮﺯﻥ ﻭﻳﺘﺤﺴﻦ ﺍﻟﻌﻤﻞ ﻓﻲ ﻣﺴﺘﻠﻤﺎﺕ ﺍﻷﻧﺴﻮﻟﲔ، ﻣﻦ ﺍﻟﺴﻤﻨﺔ ﺃﻭ ﺍﻟﺬﻳﻦ ﻳﻌﺎﻧﻮﻥ ﻣﻦ ﻣﻘﺎﻭﻣﺔ ﺍﻷﻧﺴﻮﻟﲔ
. ﺩﻳﻜﺴﺎﻣﻴﺜﺎﺯﻭﻥ،  ﺯﻳﺎﺩﺓ ﺳﻜﺮ ﺍﻟﺪﻡ،  ﺟﻠﻴﻜﻼﺯﻳﺪ،  ﻧﺒﺎﺕ ﺑﺎﻧﺎﻛﺲ ﺟﻨﺴﻨﺞ:ﻣﻔﺘﺎﺡ ﺍﻟﻜﻠﻤﺎﺕ

ABSTRACT Objectives: To study the eﬀect of panax ginseng versus gliclazide on hyperglycaemia induced by dexamethasone in
experimental animals. Methods: The current study was conducted in the Department of Pharmacology, University of Science &
Technology, Sana’a, Yemen. Twenty-four rabbits were divided to 4 groups. Three of them were administered oral doses of dexamethasone (0 mg/kg) for 4 days, one group was kept as a control. Ginseng at dose (200 mg/kg) and gliclazide (80 mg/kg) were administered to rabbits with dexamethasone-induced hyperglycaemia. Results: The eﬀects of ginseng and gliclazide on fasting blood sugar
(FBS) and body weight after continuous administration of dexamethasone (0 mg/kg) were measured. Oral administration of ginseng
(200mg/kg) for 2 weeks produced signiﬁcant (p <0.05) reduction in FBS from 25.33±27.67 mg/dl in the dexamethasone group to
54.7±2.8mg/dl in the ginseng treated group. In addition, ginseng produced signiﬁcant (p <0.05) reduction in body weight. Conclusion: There was a signiﬁcant diﬀerence between ginseng and gliclazide in reduction of FBS and body weight. From these results, it is
suggested that ginseng could be used in obese diabetic patients or those suﬀering from insulin resistance as it reduces body weight.
Key words: Panax ginseng; Gliclazide; Hyperglycaemia; Dexamethasone.

Advances in Knowledge
• Unlike other studies, this study focused on the comparison between herbal and chemical medicines in regard to their eﬃcacy and safety for treatment of chronic diseases like diabetes.
•

This study supports the eﬃcacy of panax ginseng as a potent antidiabetic agent, which also produces reduction in body weight, in experimental animal subjects.
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•

Panax ginseng may be used as a supportive therapy, but should not replace current diabetes medications
like sulfonylurea.

Application to Patient care
•

Diabetes is a serious chronic metabolic disease and has signiﬁcant impact on patient’s lives as well as making demands of health care systems.

•

Panax ginseng possessed a signiﬁcant antidiabetic eﬀect as compared with well known sulfonylurea member gliclazide in experimental animals.

•

Our data, suggest that panax ginseng as a dietary supplement or as medicine may have functional eﬃcacy
in obese diabetic patients or those suﬀering from insulin resistance as it is considered a potent antioxidant
agent.

P

LASMA GLUCOSE IS DERIVED FROM THREE
sources: intestinal absorption following digestion of dietary carbohydrates, glycogenolysis or
the breakdown of glycogen (polymerised storage form
of glucose) and gluconeogenesis.1 Insulin is a hormone
produced by the pancreas that helps unlock the body’s
cells so that sugar (glucose) from the food can be used
by the cells for energy.2 An increase in plasma glucose concentration is the most important physiologic
regulator of insulin secretion. Glucose metabolism,
initiated by the enzyme glucokinase, which converts
glucose to glucose-6-phosphate, is closely linked to insulin secretion. However, an increase of the adenosine
trriphosphate/adenosine diphosphate (ATP/ADP) ratio results in inhibition of ATP-sensitive K eﬄux channels. This causes depolarisation of beta cells and activation of voltage-sensitive Ca channels. The Ca inﬂux
results in insulin secretion.3 Insulin binds to a receptor
on the cell membrane, allowing the entry into muscle
and fat cells of glucose to form glycogen, fatty acids
to generate triglycerides, and amino acids for protein
synthesis. It is a potent stimulator of growth factors,
including insulin-growth factor 1 (IGF-1). It also inhibits catabolic processes such as the breakdown of
glycogen and fat, and decreases gluconeogenesis (the
production of glucose from lactate and amino acids);4
however, if there are any disturbances to the binding of
insulin to the receptors, or of the receptor response to
insulin, there will be reduced insulin activity, or insulin resistance. If insulin is not functioning, there is reduced glucose entry into the cells, which is detected by
the pancreas as raised blood sugar (hyperglycaemia).
The pancreatic response is then to produce more insulin, (hyperinsulinaemia) to compensate for the lack of
cellular response to the hyperglycaemia. 5

The most common species of ginseng is Panax
quinquefolius, commonly known as American or
Western ginseng. The most commonly sought part of
the plant is its root. Other characteristics of the wild
or cultivated plant and diﬀerent shapes of the root
make it more valuable. Traditionally, the best plants
are at least 6 years old. Panax ginseng is known as the
Asian, Korean or Japanese ginseng.6
Ginseng is composed primarily of ginesosides,
also known as panaxosides. Other components of
the plant, isolated for pharmacologic eﬀects, include
a volatile oil, beta-elemine, sterols, ﬂavonoids, peptides, vitamins (B1, B2, B12, panthotenic acid, nicotinic acid, and biotin), fats, polyacetylenes, enzymes
and choline. The elements phosphorus, potassium,
calcium, thallium, manganese, iron, copper, zinc and
strontium were detected by screening the components of ginseng.7 Several pharmacologic eﬀects have
been noted that vary with dose and duration of treatment. The panaxosides found in the root, are thought
to be the pharmacologically active agents. They have
anticonvulsant, analgaesic, antipsychotic eﬀects and
stress-ulcer preventing action. In addition, they show
antiarrhythmic activity similar to verapamil and amiodarone. Oral ginseng was found to reduce cholesterol
and triglycerides, decrease platelet adhesiveness, impair coagulation, and increase ﬁbrinolysis in cholesterol-fed rats.8
Moreover, ginseng decreased fasting blood glucose
and haemoglobin A1C in both diabetic and nondiabetic patients such that some diabetics were free of
insulin therapy for the duration of the study.9 Some
studies in animals have documented ginseng‘s anti-inﬂammatory and antiviral activities,10 hepatoprotective
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Figure 1: Eﬀect of oral administration of dexamethasone (10 mg/kg) on the mean (mean ± SE) fasting blood sugar in adult male rabbits (n = 6)

Figure 2: Eﬀect of oral administration of ginseng
(200mg/kg) on the average mean (Mean ± SE) fasting blood sugar in dexamethasone induced hyperglycaemia in adult male rabbits (n=6)

and tumors suppressant eﬀects 11 and its beneﬁcial use
in colon cancer.12,13

The rabbits were purchased from Yemeni markets,
habituated to the new environment at constant temperature, and fed with a standard chow diet ad libitum
for 1 week for acclimatisation. A total of 24 rabbits
were used in the experiment. After one week’s habituation period, the animals were divided into 4 groups (6
animals in each group), one group being kept as control. Both control and experimental groups were maintained under the similar experimental conditions. The
control group was given only normal saline, while the
other three groups were given continuous oral administration of dexamethsone (10mg/kg) for two weeks
for induction of hyperglycaemia (above the human
dose). Daily oral doses of Panax ginseng (200 mg/kg)
or gliclazide (80 mg/kg) were used to treat dexamethasone-induced hyperglycaemia in the third and fourth
groups of animals respectively for two weeks.
Blood samples were collected after the end of the
experiment early in the morning when the animals
had been kept fasting over the night. The fasting blood
sugar measurement was done according to the method
of Trinder.19 The body weight was measured regularly
for 14 days.
Data were collected and analysed using the SPSS
(Statistical Package for the Social Sciences) programme for data analysis, Version 13. They are shown
as mean ± standard error; ‘n’ indicates the number of
animals used. Statistical analysis was performed with
Student’s t test for unpaired observations. Diﬀerences
were considered to be statistically signiﬁcant when p
was less than 0.05.

Gilclazide is a hypoglycaemic agent of the sulfonylurea group. Its hypoglycaemic action is related to an
improvement in insulin secretion from the functioning beta-cells of the pancreas.14 Gliclazide is rapidly
absorbed from the gastrointestinal tract and the plasma peak of gliclazide occurs between 4 and 6 hours.
It is highly bound to plasma proteins, about 94%. The
mean elimination half-life approximates 10.4 hours.15
However, gliclazide controls diabetes mellitus of stable,
mild, non-ketosis prone, maturity onset or adult types
which can not be controlled by proper dietary management and exercise, or when insulin therapy is not
appropriate.16 Recently, it was found that gliclazide inhibits ischaemia-induced retinal neovascularisation.17
The side eﬀects of this drug include hypoglycaemic
reactions and, as with other sulfonylurea drugs, manifestations of hypoglycaemia including dizziness, lack
of energy, drowsiness, headache and sweating as well
as weakness, nervousness, shakiness and paresthaesia.
Sulfonylurea unfortunately has a tendency to promote weight gain. This eﬀect is aggravated by insulin
resistance.18
METHODS
This study was conducted in Department of Pharmacology, University of Science and Technology, Sana’a,
Yemen between May and June 2008.The following criteria were used to include subjects in the study: adult
male rabbits weighing 1-1.5 kg. The following subjects
were excluded from this study: adult female rabbits in
order to eliminate the inﬂuence of the oestrous cycle
and pregnancy on our parameters.

R E S U LT S
Administration of dexamethasone (10mg/kg) for 2
weeks produced signiﬁcant (p <0.05) increase in FBS:
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Figure 3: Eﬀect of oral administration of glicalizide (80mg/kg) on the average mean (Mean ± SE)
fasting blood sugar in dexamethasone induced
hyperglycaemia in adult male rabbits (n = 6)

Figure 4: Eﬀect of oral administration of Panax
ginseng (200mg/kg) or gliclazide (80 mg/kg) on the
average mean (mean ± SE) fasting blood sugar in
dexamethasone induced hyperglycaemia in adult
male rabbits (n = 6)

142.83 ± 15.77mg/dl in the control group compared to
215.33 ± 27.67mg/dl in the dexamethasone group as
shown in Figure 1.
Oral administration of Panax ginseng (200mg/kg)
for 2 weeks produced a signiﬁcant (p <0.05) decrease
in FBS: from 215.33 ± 27.67mg/dl, in the dexamethasone group to 154.17 ± 21.18mg/dl, in the Panax ginseng treated group as shown in Figure 2.
Oral administration of gliclazide (80mg/kg) for
2 weeks produced signiﬁcant (p <0.05) decrease in
FBS: from 215.33 ± 27.67mg/dl in the dexamethasone
group to 169.33 ± 16.51mg/dl in the gliclazide treated
group as shown in Figure 3.
Oral administration of Panax ginseng (200mg/kg)
produced signiﬁcant (p <0.05) reduction in FBS (154.17
± 21.18 mg/dl) in the Panax ginseng treated group
compared with the gliclazide treated group(169.33 ±
16.51mg/dl) as shown in Figure 4.

tion and in turn increase insulin production, as insulin
deﬁciency is often linked to a lack of ATP.22, 23Along
with an increase in ATP production, ginseng reduced
mitochondrial protein uncoupling protein 2 (UCP-2),
which negatively regulates insulin secretion.22 However, another study showed that the insulin secretionstimulating activity of ginseng was presumably associated with the ATP sensitive K channel. This eﬀect,
however, was almost completely abolished in the presence of diazoxide (K channel opener) or nifedipine (Ca
channel blocker).24 In addition, compound K (CK),
which is a ﬁnal metabolite of ginsenosides, shifted
glucose metabolism from hepatic glucose production
to hepatic glucose utilisation in the liver and improved
insulin sensitivity through enhancing plasma adiponectin levels, resulting in over expression of genes
for adipogenesis and glucose transporters in adipose
tissue. All these eﬀects may suggest that ginseng could
be developed as therapeutic tool in Type 2 diabetic patients with insulin secretion disability and/or insulin
resistance.25 Another study suggests that ginseng may
inhibit cytokine-induced apoptosis in beta cells and,
thus, may contribute via this action to the antidiabetic
inﬂuence in Type 1 diabetes.26
Continuous administration of gliclazide in an oral
dose (80mg/kg) for 2 weeks produced signiﬁcant reduction in FBS. Our result is supported by Wangnoo
who found that glicalizide is one of the most frequently used sulfonylurea for the treatment of Type
2 diabetes.27 Its hypoglycaemic action is related to an
improvement in insulin secretion from the functioning beta cells of the pancreas. It potentiates the insulin
release and improves the dynamics of insulin. In addition, antidiabetic sulfonylureas are thought to stimulate insulin secretion solely by inhibiting their high-

DISCUSSION
The present study showed that continuous oral administration of ginseng in doses of (200mg/kg) for 2 weeks
produced signiﬁcant reduction in FBS as compared
with dexamethasone-induced hyperglycaemia in rabbits.
Our result was in agreement with Luo and Luo
who found that ginseng attenuates hyperglycaemia in
two ways: ﬁrst, through enhancing pancreatic beta cell
function and second, by reducing insulin resistance.
This would make ginseng eﬀective in both Type I and
Type II diabetes.20 Other studies showed that ginseng
aﬀects pancreatic beta cells through altering cell metabolism, increasing insulin production and reducing
apoptosis in a dosage dependent manner.21 In addition,
ginseng extracts were able to enhance ATP produc-
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Figure 5: Eﬀect of continuous oral administration of Panax ginseng (200mg/kg) or gliclazide (80mg/kg) on
average total body weight in adult male rabbits (n = 6)
aﬃnity ATP-sensitive potassium (K (ATP)) channel
receptors at the plasma membrane of beta-cells. This
normally occurs during glucose stimulation, where
ATP inhibition of plasmalemmal K (ATP) channels
leads to voltage activation of L-type calcium channels
for rapidly switching on and oﬀ calcium inﬂux, governing the duration of insulin secretion.28 In contrast,
another study showed that chronic sulfonylurea treatment in vivo causes loss of insulin secretory capacity
due to beta-cell hyperexcitability, but also revealed
rapid reversibility of this secretory failure, arguing
against beta-cell apoptosis or other cell death induced
by sulfonylureas. These in vivo studies may help to explain why patients with Type 2 diabetes can show long
term secondary failure to secrete insulin in response
to sulfonylureas, but experience restoration of insulin
secretion after a drug resting period, without permanent damage to beta-cells. 29
In addition, ginseng showed signiﬁcant (p <0.05)
reduction in total body weight compared with the
dexamethasone and glicalizide groups [Figure 5]. This
eﬀect is controversial owing to its mechanism of action. However, this eﬀect may be due to the inhibition
of pancreatic lipase activity.30 However, some studies
showed that sulfonylurea may increase body weight
due to an increase in leptin (an obesity gene product)31
or due to an insulin secretion eﬀect.27
This is a single study with a small number of animals so these limitations have to be kept in mind when
interpreting the results. Further experimental and
clinical investigations should be done to support the
results of this work.

likely that ginseng aﬀects not only the pancreas to
increase insulin production, but also other tissue to
utilise insulin as well as decrease insulin resistance
through its various components. There was a signiﬁcant diﬀerence between ginseng and gliclazide in
reducing fasting blood sugar and body weight. From
these results, it is suggested that ginseng might be used
in obese diabetic patients or those patients suﬀering
from insulin resistance as it reduces body weight so
improving insulin receptors.
RECOMMENDATIONS
This study showed that Panax ginseng may help to reduce blood glucose level and improve insulin sensitivity and hence may have potential use in management
of diabetes mellitus patients with obesity.
It was found that both agents are working by the
same mechanism as they stimulate secretion of insulin from beta cell of pancreas. Expected synergistic hypoglycaemic eﬀect may be resulted if they are
combined together. Panax ginseng should be used
cautiously in patients taking any hypoglycaemic medications. Drug-drug interactions with digoxin and warfarin have also been reported.
SOURCE OF FUNDING: University of Science &
Technology, Sana’a, Yemen
CONFLICT OF INTEREST: None declared
REFERENCES
1. Mayes AP. Gluconeogeogenesis & control of blood
glucose. In: Harper’s Biochemistry. 25th edition.
Murray KR, Granner KD, Mayes AP, Rodwell WV,
Eds. New York: McGraw-Hill, 2000. pp. 208-18.

CONCLUSION
It seems that ginseng is eﬀective as an antidiabetic
agent in experimental animal models. It is more than

2.

67

Samra G. Hypoglycemia: a forgotten disease. The

D OA’A A IBR AHI M

Hypoglycemia Association Newsletter1998; 14:2.

25:50-4.

3. Granner DK. Hormones of the Pancreas and Gastrointestinal Tract. In: Harper’s Biochemistry.
25th edition. Murray KR, Granner KD, Mayes AP,
Rodwell WV, Eds. New York: McGraw-Hill, 2000.
pp. 610-26.

15. Carmer JA. A systemic review of adherence with
medications for diabetes. Diabetes Care 2004; 27:
1218-24.
16. Kimura T, Takagi H, Suzuma K, Kita M, Watanabe
D, Yoshimura N. Comparisons between the beneﬁcial eﬀects of diﬀerent sulphonylurea treatments
on ischemia-induced retinal neovascularization.
Free Radic Biol Med 2007; 43:454-61.

4. Reaven, GM. Pathophysiology of insulin resistance
in human diseases. Physiol Rev 1995; 75:473-85.
5. Zavaroni I. Hyperinsulinaemia, obesity and syndrome X. J Int Med 1994; 235:51-6.

17. American Diabetes Association. Standards of
Medical Care for patients with diabetes Mellitus.
Diabetes Care 2002; 25:S33-S49.

6. D’Angelo L. A Double-Blind, Placebo-Controlled Study on the Eﬀect of Standardized Ginseng
Extract on Psychomotor Performance in Healthy
Volunteers. J Ethnopharmacol 1986; 16:15-22.

18. Bennett PM, Brown MJ. Diabetes mellitus, insulin,
oral antidiabetic agents, obesity. In: Clinical Pharmacology. 9th edition. New York: McGraw-Hill,
2004. pp. 679-98.

7. Zucchi OL, Moreira S, de Jesus EF, Neto HS, Salvador MJ. Characterization of hypoglycaemiant
plants by total reﬂection X-ray ﬂuorescence spectrometry. Boil Trace Elem Res 2005; 103:277-90.

19. Trinder P. Enzymatic determination of glucose
(single reagent). Ann Cli Biochem1969; 6:24.

8. Suzuki Y, Hikino H. Mechanism of Hypoglycemic
Activity of Panaxans A and B, Glycans of Panax
ginseng Roots: Eﬀects on the Key Enzymes of Glucose Metabolism in the Liver of Mice. Phytotherapy Res 1989; 3:15-19.

20. Luo JZ, Luo L. Ginseng on hyperglycaemia: Eﬀect
and Mechanisms. Evid Based Complement Alternat Med. 2008 Jan 3. [Epub ahead of print] pp.111.
21. Luo JZ, Luo L. American ginseng stimulates insulin production and prevents apoptosis through
regulation of uncoupling protein-2 in cultured
beta cells. Evid Based Complement Alternat Med
2006; 3:365-72.

9. Sotaniemi E. Ginseng therapy in Non-insulin Dependent Diabetic patients. Diabetes Care 1995;
18:1373-5.
10. Cho WC. Application of proteomics in Chinese
medicine research. Am J Chin Med. 2007; 35:91122.

22. Chan CB, MacDonald PE, Saleh MC, Johns DC,
Marban E, Wheeler MB . Over expression of uncoupling protein 2 inhibits glucose-stimulated
insulin secretion from rat islets. Diabetes 1999;
48:1482-6.

11. Wang CZ, Aung HH, Ni M, Wu JA, Tong R, Wicks
S, et al. Red American ginseng: ginsenoside constituents and antiproliferative activities of heatprocessed Panax quinquefolius roots. Planta Med.
2007;73:669-74.

23. Zhang CY, Baﬀy G, Perret P, Krauss S, Peroni O,
Grujic D, et al. Uncoupling protein 2 negatively
regulates insulin secretion and is a major link between obesity, beta cell dysfunction, and type 2
diabetes. Cell 2001; 105:745-55.

12. Yun, TK, Choi S. A Case-Control Study of Ginseng
Intake and Cancer’. Int J Epidemol 1990; 19:871-6.
13. Wargovich MJ. Colon cancer chemoprevention
with ginseng and other botanicals. J Korean Med
Sci Suppl 2001; 16: S81-6.

24. Park MW, Ha J, Chung SH. 20 (S)-ginsenoside
Rg3 enhances glucose-stimulated insulin secretion and activates AMPK. Biol Pharm Bull 2008;
31:748-51.

14. Wangnoo SK. Treatment of Type 2 diabetes with
Gliclazide Modiﬁed Release 60 mg in the Primary
Care Setting of India. Int J Diab Dev Ctries 2005;

25. Han GC, Ko SK, Sung JK, Chung SH. Compound

68

ST UDY O F THE EFFE C T OF PANA X GINSENG VER SUS GLIC L A Z IDE ON HYPERGLYC AE MI A-INDUC ED BY DE X A METH A SONE I N
E XPER IMENTAL ANI M AL S

K enhances insulin secretion with beneﬁcial metabolic eﬀects in db/db mice. J Agric Food Chem
2007; 55:10641-8.

E293-301.
29. Remedi MS, Nichols CG. Chronic antidiabetic
sulfonylurea in vivo: reversible eﬀects in mouse

26. Kim HY, Kim K. Protective eﬀect of ginseng on cytokine-induced apoptosis I pancreatic beta-cells. J
Agric Food Chem 2007; 55:2816-23.

pancreatic beta cells. PLoS Med 2008; 5:e206
30. Karu N, Reifen R, Kerem Z. Weight gain reduction
in mice fed Panax ginseng saponin, a pancreatic

27. Wangnoo SK. Treatment of Type 2 Diabetes with
Gliclazide Modiﬁed Release 60mg in the Primary
Care Setting of India . Int J Diab Dev Ctries 2005;
25:50-4.

lipase inhibitor. J Agric Food Chem 2007; 55:28248.
31. Bhattacharya SK, Madan M, Mahajan P, Paudel
KR, Rauniar GP, Das BP, et al. Relationship be-

28. Geng X, Li L, Bottino R, Balamurugan AN, Bertera S, Densmore E, Su A, Chang Y, et al. Antidiabetic sulfonylurea stimulates insulin secretion
independently of plasma membrane KATP channels. Am J Physiol Endocrinol Metab 2007; 293:

tween plasma leptin and plasma insulin levels in
type 2 diabetic patients before and after treatment with glibenclamide and glimepiride. Indian J
Physiol Pharmacol 2008; 52:43-52.

69

