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Molecular and Immunohistochemical Validation of Panax ginseng Ameliorating 
Effects on The Pancreatic β-cell Activity and Its Implication on Some Metabolic 
Aspects in Alloxan- Induced Type 2 Diabetic Male Rats

The modulatory effects of Panax ginseng on the pancreatic β-cell activity, glucose metabolism and its hepato-
protective action in alloxan induced - type 2 diabetic male rats were studied for 2 months. We divided the rats 
randomly into six equal groups; control; diabetic (T2DM); ginseng, ginseng post T2DM induction; ginseng 
pre T2DM induction and ginseng pre and post T2DM induction. The serum level of glucose, total cholesterol 
(TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), very low-density lipoprotein (VLDL), 
triglycerides (TG), total protein, albumin, globulin, albumin- globulin ratio (A/G), total bilirubin, both direct 
and indirect bilirubins, gamma glutamyl transferase (GGT), alanine aminotransferase (ALT), aspartate amino-
transferase (AST), cytochrome P450 (CYP450) and the activity of hepatic glucose -6- phosphatase (G6Pase) 
and also, the activity of the antioxidant markers [glutathione peroxidase (Gpx), catalase (CAT), superoxide 
dismutase (SOD), in addition; the level of lipid peroxidation product; malondialdehyde (MDA)] in both the 
serum and the liver were measured. The histological structure of both the pancreas and the liver and the 
expressions of both insulin receptors (IR), adenosine monophosphate kinase (AMPK) and the percentage of 
the positive area of insulin secretion in the islets of Langerhans using immunohistochemistry technique were 
also estimated. The results revealed that the previously mentioned parameters were significantly improved 
after administration of Panax ginseng to diabetic rats. In conclusion Panax ginseng administration could be 
ameliorate and protect the male rats against type 2 DM and could be able to decrease the intensity of damage 
caused in the pancreas after alloxan injection.
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INTRODUCTION

The pancreas has both endocrine and exocrine functions and 
performs an important role in glucose metabolism and diges-
tion of food. The exocrine portion makes about 98% of the pan-
creatic tissue that is responsible for both digestive enzymes and 
pancreatic fluid production (Kallis and Westaby et al., 2014). The 
endocrine pancreas is responsible for regulation of glucose, nu-
trient homeostasis and metabolism. It is composed of the islets 
of Langerhans, most of the cellular mass are called beta (β)- cells 
that are found centrally in the islet and enclosed by alpha (α)-
cells, delta (δ)-cells, ε-cells and pancreatic polypeptide (PP) cells 
(Brass et al., 2010).

β-cells secrete insulin that control the levels of blood glucose. 
Mazza and Maffucci, (2014) reported that β-cell dysfunction or 
death plays the main role not only in type 1 diabetes mellitus 
(T1DM) but also in type 2 diabetes mellitus T2DM. T2DM (non-in-
sulin dependent DM) caused by loss of the β-cell mass and so, 
loss of its function (Li and Gong, 2015). 

Ragheb and Medhat (2011) reported that type2 DM is con-

sidered as a chronic disease which is characterized by insulin re-
sistance connected with obesity because of the liberation of free 
fatty acids and inflammatory cytokines from the adipose tissue. 
Moreover, T2DM is distinguished by decreased insulin sensitivity 
and impairment of β-cell function caused by acquired and genet-
ic factors (Mazza and Maffucci, 2014).

Alloxan leads to serious damage of β-cells, reduction of in-
sulin secretion and consequently leading to hyperglycemia so it 
can be used to induce diabetes mellitus on experimental animals 
(Soto et al., 2010). Hyperglycemia induced by alloxan injection 
can produce ROS (Gad and El- Maddawy, 2014). ROS play a cru-
cial effect in the induction and pathogenesis of diabetes (Soto et 
al., 2010). 

Oxidative stress (OS) is the exaggerated presence of oxidants 
related to antioxidants that act efficiently as oxidizing agents, 
which recognized as free radicals, involving reactive oxygen spe-
cies (ROS) and reactive nitrogen species (RNS) (Paiva et al., 2017). 
Buresh and Berg (2015) found that there is a group of enzymes 
which provoke ROS and RNS, such as, nitric oxide synthase, 
NADPH oxidase and myeloperoxidase. Superoxide dismutase, 
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glutathione peroxidase, glutathione reductase and catalase en-
zymes are involved in the process of cellular redox balance, that 
can transform superoxide radicals into peroxides and peroxides 
transformed into water and hydrogen; so, they can be used to 
evaluate oxidative stress (Silva et al., 2011). Zhang et al. (2020) 
reported that OS exerts a critical action in the progression of all 
cases of diabetes mellitus, especially T2DM. Also, OS plays a main 
function in the pathogenesis of diabetic complications.

T2DM is related to elevated OS resulting from various abnor-
malities involving hyperglycemia, dyslipidemia, and inflammation 
(Bukhari et al., 2015). Gerber and Rutter (2017) found that over-
stimulation of beta cells by free fatty acids (FFA) or chronic hyper-
glycemia impaired the secretion of insulin. Hyperglycemia and 
high FFA lead to massive aggregation of both reactive nitrogen 
species (RNS) and reactive oxygen species (ROS) that can impair 
β-cell function because of the decreased antioxidants [glutathi-
one peroxidase (Gpx), catalase (CAT) and superoxide dismutase 
(SOD)] expression in β-cells (Zhang et al., 2020). Diabetes in lab-
oratory animals was also induced by administration of alloxan 
through destruction of beta cells via production of free radicals 
mainly the superoxides (Gad and El-Maddawy, 2014).

Ginseng is the most recognized plant that widely used in tra-
ditional medicine, ginseng is a perennial herb (Araliaceae family), 
a species related to the Panax genus (Chen et al., 2019a). Panax 
is originated from the Greek word that means “all healing”. P. 
ginseng was used many years ago as an herbal medicine in China 
and it was found to have a lot of pharmacological roles, such as 
antidiabetic, anticancer, hepatoprotective, neuroprotective and 
anti-ageing effects (Li and Gong, 2015). Ginseng contains many 
components, involving ginsenosides, polysaccharides, polyacety-
lenes, phenolics, and alkaloids (Li and Gong, 2015). Ginsenosides 
that also known as (saponins), are the most bioactive constitu-
ent of ginseng that mainly responsible for its anti-diabetic effect. 
About two hundred types of ginsenosides produced from gin-
seng and its heat-processed products (Chen et al. 2019b). 

Fatmawati et al. (2014) proved that P. ginseng used in the 
prohibition and treatment of diabetes and prevents its expected 
complications (Lee and Rhee, 2017). Ginseng modifies the levels 
of blood glucose via enhancing β-cell action and improving insu-
lin sensitivity (Chen et al., 2019a).

P. ginseng can up-regulate insulin receptor type A and glu-
cose transferase type 2 (GLUT2) in diabetic rats (Abdelazim et al., 
2019). Also, ginseng can improve the elevated glucose level in 
mice blood by stopping the absorption of glucose through the 
intestine and suppress the secretion of hepatic glucose-6-phos-
phatase (Yuan et al., 2012). Glucose-6-phosphatase (G6Pase) is 
very important for glucose homeostasis because it is one of the 
main hepatic enzymes concerned with glycogenolysis and glu-
coneogenesis. Ginsenosides can activate adenosine monophos-
phate protein kinase (AMPK) (Yuan et al., 2012). Na et al. (2018) 
demonstrated that there is an obvious relationship between 
AMPK action and DM incidence. AMPK activation can improve 
the glucose uptake by the cells through the inhibition of hepatic 
gluconeogenesis (Yuan et al., 2012).

Panax ginseng can protect against oxidative stress through 
free radical scavenging. Ginseng can scavenge hydroxyl radical 
and prevents the deterioration of unsaturated fatty acids pro-
duced by lipid peroxidation (Nam et al. 2018a). P. ginseng can 
suppress the peroxidation of lipids through scavenging of super-
oxides and hydroxyl radicals and metal chelation. The antioxidant 
effect of Panax ginseng is resulted from its flavonol glycosides 
content, that act as superoxide scavenger and then inhibiting hy-
droxyl radical lipid peroxidation in the cellular membranes (El kiki 
and Galal, 2018).

Immunohistochemistry (IHC) is a method used to identify 
tissue or cellular antigens depending on antigen-antibody inter-
actions, it can identify the site of antibody binding by labelling 
of the antibody. The methods used for immunohistochemical 
staining involving the enzyme-labeled (immunoperoxidase) and 
fluorophore-labeled (immunofluorescence) antibodies to recog-
nize proteins and other particles in the cells. Immunoperoxidase 
methods are used mainly to extract extra information which is 
not available by H & E staining technique, light microscope or by 
electron-microscope (Kabiraj et al., 2015).

The objective of this study was to determine the possible 
modulatory impact of Panax ginseng on the pancreatic β-cell 
activity and its hepatoprotective actions in type 2 diabetic rats 
induced by alloxan.

MATERIALS AND METHODS

Panax ginseng [Ginsana®, Egyptian International Pharmaceutical 
Industries Company, (EIPICO), Egypt]. It was prepared freshly by 
dissolving the content of the capsules in physiological saline (0.9 
% NaCl) until full solubility (Gad El-Karim et al., 2017).

Anhydrous Alloxan was purchased from Sigma-Aldrich Ltd., 
NewYork, USA, as pink odorless powder. It was prepared freshly 
by dissolving the powder in physiological saline (0.9 % NaCl) until 
full solubility was reached (Gad and El-Maddawy, 2014).

Experimental animals and protocol

Sixty apparently healthy 5 months old male albino rats weighing 
200.0±10.0 g were purchased from the Faculty of Agriculture, Al-
exandria University, Egypt. This study was conducted for 2 months 
at Physiology Department, Faculty of Veterinary Medicine, Alex-
andria University. Rats were acclimatized to laboratory conditions 
(equal light and dark hours, room temperature: 25.0±2.0ºC and 
natural humidity: 60±2%) for two weeks before the experimen-
tal procedures with free access to water and standard diet (23% 
crude protein, 5% crude fat, 3.35% crude fiber and energy 3000 
Kcal/ Kg) (Elfagr Company, Alexandria- Cairo Desert Road, Egypt). 
Rats were housed in wire cages with suitable dimensions (80 x 60 
x 40 cm) (10 rats / cage) and were treated and handled humanely 
in acquiescence with the guidelines of the animal care approved 
by the local Ethical Committee of Alexandria University. 

At first, we made a pilot test on 5 rats to ensure the effect of 
alloxan in induction of T2DM (the fasting glucose level was mea-
sured in the serum of each rat after 3 days of alloxan injection to 
confirm diabetes (it was higher than 200 mg/dl).

The rats were divided randomly into six equal groups (10 rats 
each); control group (G1): the rats in this group received daily 1 
ml saline / kg B.W. orally by gastric gavage for 2 months, diabetic 
(T2DM) group (G2): received a single dose of 140 mg alloxan /kg 
B.W. intraperitoneally (I/P) (Rahman et al., 2017), ginseng group 
(G3): received daily 200 mg P. ginseng /Kg B.W., orally by gastric 
gavage (Abdelazim et al., 2019) for 2 months, ginseng post T2DM 
induction group (G4): received daily 200 mg P. ginseng /Kg B.W., 
orally by gastric gavage for 2 months after I/P injection with one 
dose of 140 mg alloxan/kg B.W. ginseng pre T2DM induction 
group (G5): received daily 200 mg P. ginseng /Kg B.W., orally by 
gastric gavage for 2 months followed by I/P injection with one 
dose of 140 mg alloxan /kg B.W., ginseng pre and post T2DM 
induction group (G6): received daily 200 mg P. ginseng /Kg B.W. 
orally by gastric gavage for one month then received one dose of 
140 mg alloxan /kg B.W. I/P. followed by orally administration of 
P. ginseng with the same dose for another one month.
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N.B. All rats that were subjected to intraperitoneal injection of 
alloxan received overnight 5% glucose solution by gastric gavage 
to avoid death caused by transient hypoglycemia induced by al-
loxan injection (Gad and El-Maddawy, 2014).

Blood sampling

At the end of the experiment, individual 8 hrs fasting blood sam-
ples were collected from all rats in the experimental groups for 
serum rapid glucose estimation and the other blood samples 
were taken from the 12 hours fasted rats. All the samples were 
obtained from retro-orbital veins in clean and dry test tubes. 
Once the 12 hrs fasting blood samples obtained, serum was sep-
arated immediately and kept at -20ºC for subsequent determina-
tion of the other biochemical parameters.

Tissue sampling

All the rats were euthanized and eviscerated quickly after collec-
tion of all blood samples. The liver and the pancreas were rapidly 
removed, blotted dry and grossly examined. A part of the liver 
from each rat was stored frozen at –20oC until the time of ho-
mogenization for subsequent determination of the biochemical 
parameters. Another piece of the liver and the whole pancreas 
were kept in 10% neutral formalin for the histological study and 
the immunohistochemistry (IHC) analysis. Also, another part of 
each liver specimen was kept in mRNA Later solution and kept 
at –20oC till analyzed via real time PCR (rt PCR) technique for es-
timation of the genes expression of both adenosine monophos-
phate kinase (AMPK) and insulin receptors (IR).

Biochemical parameters

The serum was used for spectrophotometric determination of 
glucose (Trinder, 1959), TC (Richmond, 1973), HDL (Lopez-Virella, 
1977), both VLDL and LDL were calculated according to Fried-
wald, et al. (1972), TG (Tietz et al., 1959), in addition to total 
protein (Tietz, 1994), both albumin and globulin (Doumas et al., 
1971), bilirubin (Tietz, 1995), the activities of both ALT and AST 
(Reitman and Frankel, 1957) GGT (Szasz, 1976). The cytochrome 
p450 activity in the serum was estimated as described by Chan-
drani (2003) using Monobind ELISA kits (Lake Forest, CA 92630, 
USA) with a sensitivity of 0.17 ng/ml. G6Pase activity in the liver 
was colorimetrically estimated using spectrophotometer accord-
ing to Hass and Byrne (1960). All the kits purchased from Bio-Di-
agnostic Company, Egypt.

Lipid peroxidation and antioxidant markers

Malondialdehyde (MDA), glutathione peroxidase (Gpx), catalase 
(CAT) and superoxide dismutase (SOD) activity in both serum and 
the liver homogenate were measured colorimetrically according 
to the methods of Ohkawa et al. (1979), Paglia and Valentine 
(1967), Aebi (1984) and Nishikimi et al. (1972), respectively. All 
the kits purchased from Bio-Diagnostic Company, Egypt except 
the kit used for determination of SOD obtained from Sigma-Al-
drich Ltd., NewYork, USA.

Molecular determinations (SYBR green real time PCR analysis)

 Total RNA was extracted from the liver specimen, then kept in 
mRNA Later solution at –20ºC using RNeasy Mini Kit (Qiagen, 
gmbh, Germany) (Catalogue No.74104); following the instruc-
tions of manufacturer.

Primers for the experimental genes

 The primers were prepared as the following: AMPKα1:5’-ATC-
CGCAGAGAGATCCAGAA-3’ (McCrimmon et al., 2006), IR: 5’- CGT 
CAT CAA TGG GCA GTT- 3’ and 5’- GTG ACT TAC AGA TGG TTG 
GG- 3’ (Al-Sultany et al., 2018) and housekeeping gene ß-actin: 
5’-TCCTCCTGAGCGCAAGTACTCT-3’ and 5’ GCTCAGTAACAGTC-
CGCCTAGAA- 3’ (Banni et al., 2010).

Immunohistochemistry (IHC) analysis

 The percentage of the positive area of insulin secretion in the 
pancreatic beta cells was determined using Image Analysis Soft-
ware, NIH, USA following the method determined by Abdo et al. 
(2014).

Histological examination

 After fixation the remaining parts of the liver and the pancreat-
ic specimens in neutral buffered formalin (10%) for twenty four 
hours, tissue samples were processed via the common technique 
of paraffin embedding. From the processed paraffin blocks, 5 
μm thick pieces were taken, stained using hematoxylin and eosin 
(HE) (Bancroft and Layton, 2013) and examined using light mi-
croscope.

Analysis of the SYBR green real time (rt) -PCR

Amplification curves and cycle threshold values (Ct) were mea-
sured using the software of the strata gene MX3005P. To deter-
mine the alteration of the expression of each gene on the RNA 
of the various samples, the Ct of each specimen was measured 
relative to the control using the delta delta Ct “ΔΔCt” method 
stated by Yuan et al. (2006). 
Whereas ΔΔCt = ΔCt reference – ΔCt target ΔCt target = Ct con-
trol – Ct treatment and ΔCt reference = Ct control- Ct treatment. 

Statistical analysis

All values are explained as means ± with standard errors. Data 
collected were analyzed using Statistical Analysis System (SAS, 
2004) via one way analysis of variance (ANOVA, one way), the 
differences and the significance among different groups were as-
sessed by Duncan’s multiple rang test (Duncan, 1955).

RESULTS

Biochemical parameters

Serum glucose, proteins, bilirubin, and lipid profiles

As revealed in Table1, the levels of glucose, total cholesterol, LDL, 
VLDL and TG in the serum increased significantly (P < 0.05) in di-
abetic group (G2) relative to all other groups (G1, G3, G4, G5 and 
G6). Meanwhile, they decreased significantly (P < 0.05) in ginseng 
group (G3) compared to the control (G1) and the other treated 
groups (G4, G5 and G6); except, TG exhibited a non-significant 
(P < 0.05) variation in both ginseng group (G3) and the control 
group (G1). The levels of both glucose and total cholesterol in 
the serum were significantly (P < 0.05) lower in both ginseng 
pre T2DM induction group (G5) and ginseng pre and post T2DM 
induction group (G6) relative to ginseng post T2DM induction 
group (G4). But, the levels of LDL, VLDL and TG in the serum had 
non-significant (P < 0.05) variations between ginseng pre T2DM 
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induction group (G5) and ginseng pre and post T2DM induction 
group (G6). Also, the serum levels of both VLDL and TG exhibited 
a non-significant (P < 0.05) variation between the control (G1) 
and ginseng pre and post T2DM induction group (G6). 

The serum level of HDL (good cholesterol) increased signifi-
cantly (P < 0.05) in ginseng group (G3) relative to all other groups 
(G1, G2, G4, G5 and G6). As well as it increased significantly (P < 
0.05) in ginseng pre and post T2DM induction group (G6) com-
pared to ginseng post T2DM induction group (G4). But it had a 
non-significant (P < 0.05) variation between the control (G1) and 
ginseng post T2DM induction group (G4). Also, it had a non-sig-
nificant (P < 0.05) difference between diabetic group (G2) and 
ginseng post T2DM induction group (G4). In addition, it exhibited 
a non-significant (P < 0.05) variation between ginseng pre T2DM 
induction group (G5) and ginseng pre and post T2DM induction 
group (G6).

As noticed in Table 2, the serum level of total protein in-
creased significantly (P < 0.05) in the treated groups (G 3, G4 and 
G6) compared to the diabetic group (G2). As well as serum level 
of albumin increased significantly (P < 0.05) in the treated groups 
(G 3, G4 and G6) compared to the diabetic group (G2). But it 
exhibited non-significant (P < 0.05) variations among the treated 
groups (G 3, G4 and G6) and the control group (G1). Also, serum 
level of total protein exhibited a non-significant (P < 0.05) varia-
tion among the control (G1), ginseng post T2DM induction group 
(G4) and ginseng pre and post T2DM induction group (G6). As 
well as, it had a non-significant (P < 0.05) difference between 
ginseng group (G3) and ginseng post T2DM induction group (G4) 
and a non-significant (P < 0.05) difference between the diabetic 
group (G2) and ginseng pre T2DM induction group (G5).

The serum globulin level increased significantly (P < 0.05) in 
the treated groups (G3 and G4) relative to the control (G1). On 
the other hand, it decreased significantly (P < 0.05) in ginseng pre 
and post T2DM induction group (G6) compared to ginseng post 
T2DM induction group (G4). But it exhibited a non-significant (P 
< 0.05) variation among the treated groups (G 3, G4 and G5). 
A/G increased significantly (P < 0.05 in the treated groups (G 3, 
G4 and G6) compared to the diabetic group (G2). But it exhibited 
a non-significant (P < 0.05) difference among the control (G1), 
ginseng group (G3) and ginseng pre and post T2DM induction 
group (G6). Also, it had a non-significant (P < 0.05) difference 
among ginseng group (G3), ginseng post T2DM induction group 
(G4) and ginseng pre and post T2DM induction group (G6). As 
well as, it had a non-significant (P < 0.05) variation between gin-
seng post T2DM induction group (G4) and ginseng pre T2DM 
induction group (G5). In addition, it exhibited a non-significant (P 
< 0.05) difference between the diabetic group (G2) and ginseng 
pre T2DM induction group (G5).

Data present in Table 2, showed that serum levels of total 
bilirubin, direct and indirect bilirubins increased significantly (P 
< 0.05) in diabetic group (G2) relative to the control (G1) and all 
the treated groups (G3, G4, G5 and G6). However, serum levels of 
both total and indirect bilirubins decreased significantly (P < 0.05) 
in ginseng group (G3) compared to both ginseng post T2DM in-
duction group (G4) and ginseng pre T2DM induction group (G5). 
Furthermore, serum level of direct bilirubin decreased significant-
ly (P < 0.05) in ginseng group (G3) relative to the other treated 
groups (G4, G5 and G6). But, it had a non-significant (P < 0.05) 
variation between the control (G1) and ginseng group (G3).

Serum levels of both total and indirect bilirubins exhibited 

Parameters 

Group Glucose (mg/dl) Total cholesterol 
(mg/dl) HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl) TG (mg/dl)

G1 (control) 89.00±1.30e 47.67±0.88e 19.00±0.58bc 22.17±0.98d 5.93±0.18d 29.67±0.88de

G2 (diabetic T2DM) 195.00±4.70a 111.67±1.45a 15.33±0.88d 75.00±5.20a 16.17±0.44a 82.33±1.45a

 G3 (ginseng) 77.60±2.01f 37.33±1.76f 28.00±1.53a 7.67±4.81e 4.67±0.33e 24.00±2.08e

G4 (ginseng post T2DM induction) 122.40±2.11b 86.00±2.31b 16.00±0.58cd 58.93±2.90b 9.53±0.47b 48.00±2.31b

G5 (ginseng pre T2DM induction) 110.00±1.76c 71.67±1.76c 18.67±0.88bc 44.87±1.27c 7.53±0.24c 38.67±0.88c

G6 (ginseng pre and post T2DM induction) 102.20±0.58d 59.00±2.08d 19.33±0.88b 35.20±1.42c 6.70±0.59cd 35.00±3.06cd

Parameters

Group
Total Protein Albumin Globulin

A/G ratio
Total bilirubin Direct bilirubin Indirect

Bilirubin

(g/dl) (g/dl) (g/dl) (mg/dl) (mg/dl) (mg/dl)

G1 (control) 7.67±0.12b 4.03±0.09a 3.50±0.06c 1.15±0.04a 0.16±0.02d 0.07±0.01bc 0.07±0.01d

G2 (diabetic T2DM) 6.63±0.15c 2.73±0.09b 3.83±0.09abc 0.71±0.02d 0.59±0.04a 0.15±0.02a 0.51±0.02a

G3 (ginseng) 8.13±0.09a 4.13±0.15a 3.90±0.17ab 1.07±0.08ab 0.14±0.02d 0.05±0.01c 0.09±0.01d

G4 (ginseng post T2DM induction) 7.87±0.03ab 3.77±0.15a 4.10±0.17a 0.92±0.07bc 0.26±0.02c 0.09±0.00b 0.17±0.02c

G5 (ginseng pre T2DM induction) 6.77±0.09c 2.93±0.09b 3.83±0.03abc 0.77±0.03cd 0.39±0.02b 0.14±0.01a 0.27±0.02b

G6 (ginseng pre and post T2DM induction) 7.57±0.12b 3.80±0.12a 3.63±0.09bc 1.05±0.05ab 0.20±0.01cd 0.10±0.00b 0.11±0.01d

Table 1. Effect of administration of Panax ginseng for 2 months on the serum level of glucose, total cholesterol, HDL, LDL, VLDL and TG in alloxan - induced 
type 2 diabetic male rats.

Means ± SE. Means within one column of different letters differ significantly at (P < 0.05). N=10. Panax ginseng was administered orally by gastric gavage for 2 months (200 mg /Kg 
B.W.). Each rat received one dose of alloxan (140 mg /kg B.W) intraperitoneally (I/P). HDL: high-density lipoprotein, LDL: low-density Lipoprotein, VLDL: very low-density Lipoprotein, 
TG: triglycerides.

Table 2. Effect of administration of Panax ginseng for 2 months on the serum level of total Protein, albumin, globulin, A/G ratio, total bilirubin, direct bilirubin and 
indirect bilirubin, in alloxan - induced type 2 diabetic male rats.

Means ± SE. Means within one column of different letters differ significantly at (P < 0.05). N=10. Panax ginseng was administered orally by gastric gavage for 2 months (200 mg /Kg B.W.). 
Each rat received one dose of alloxan (140 mg /kg B.W) intraperitoneally (I/P). A/G: Albumin/Globulin ratio.
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non-significant (P < 0.05) variations among control group (G1), 
ginseng group (G3) and ginseng pre and post T2DM induction 
group (G6). Also, the serum levels of both total and direct bili-
rubins exhibited a non-significant (P < 0.05) variation between 
ginseng post T2DM induction group (G4) and ginseng pre and 
post T2DM induction group (G6).

Serum and hepatic enzymes activity

As shown in Table 3, the diabetic group (G2) showed a significant 
(P < 0.05) elevation in serum activities of ALT, AST, GGT, CYP450 
and in hepatic activity of G6Pase compared to all other groups 
(G1, G3, G4, G5 and G6). However, enzyme activities decreased 
significantly (P < 0.05) in ginseng group (G3) relative to other 
treated groups (G4, G5 and G6).

Also, data present in Table 3, revealed that serum ALT and AST 
activities were decreased significantly (P< 0.05) in ginseng pre 
and post T2DM induction group (G6) compared to both ginseng 
post T2DM induction group (G4) and ginseng pre T2DM induc-
tion group (G5). Moreover, activities of both enzymes were sig-
nificantly (P< 0.05) lower in ginseng pre T2DM induction group 
(G5) compared to ginseng post T2DM induction group (G4). 
Moreover, serum GGT activity decreased significantly (P< 0.05) 
in both ginseng post T2DM induction group (G4) and ginseng 
pre and post T2DM induction group (G6) relative to ginseng pre 
T2DM induction group (G5). But, it exhibited a non-significant 
(P< 0.05) variation between ginseng post T2DM induction group 
(G4) and ginseng pre and post T2DM induction group (G6). 

Furthermore, the activities of both serum CYP450 and hepat-
ic G6Pase decreased significantly (P< 0.05) in both ginseng pre 
T2DM induction group (G5) and ginseng pre and post T2DM in-
duction group (G6) compared to ginseng post T2DM induction 
group (G4). But, they exhibited non-significant (P< 0.05) varia-
tions between ginseng pre T2DM induction group (G5) and gin-

seng pre and post T2DM induction group (G6) (Table3).

Lipid peroxidation and antioxidant markers

Serum glutathione peroxidase (GPx), catalase (CAT) and superox-
ide dismutase (SOD) activities and malondialdehyde (MDA) level

The obtained data in Table 4, revealed that serum level of MDA 
increased significantly (P < 0.05) in the diabetic group (G2) rel-
ative to all other groups (G1, G3, G4, G5 and G6). However, it 
decreased significantly (P < 0.05) in ginseng group (G3) relative 
to other treated groups (G4, G5 and G6). Moreover, it decreased 
significantly (P < 0.05) in ginseng pre and post T2DM induction 
group (G6) compared to both ginseng post T2DM induction 
group (G4) and ginseng pre T2DM induction group (G5). Fur-
thermore, MDA level decreased significantly (P < 0.05) in ginseng 
pre T2DM induction group (G5) compared to ginseng post T2DM 
induction group (G4). But it exhibited a non-significant (P < 0.05) 
variation between the control (G1) and ginseng group (G3).

Also, data present in Table 4, showed that serum activities of 
Gpx, CAT and SOD increased significantly (P < 0.05) in ginseng 
group (G3) compared to all other groups (G1, G2, G4, G5 and 
G6). Moreover, serum activities of both Gpx and CAT were sig-
nificantly (P < 0.05) higher in both ginseng pre T2DM induction 
group (G5) and ginseng pre and post T2DM induction group (G6) 
compared to ginseng post T2DM induction group (G4). But, they 
exhibited non-significant (P < 0.05) variations between pre T2DM 
induction group (G5) and ginseng pre and post T2DM induction 
group (G6).

Serum SOD activity increased significantly (P < 0.05) in gin-
seng pre and post T2DM induction group (G6) relative to both 
ginseng post T2DM induction group (G4) and ginseng pre T2DM 
induction group (G5).

Meanwhile, the activity of Gpx, CAT and SOD was significantly 

Table 3. Effect of administration of Panax ginseng for 2 months on the serum activity of ALT, AST, GGT, CYP450 and the liver G6Pase in alloxan - induced type 
2 diabetic male rats.

Parameters

Group ALT (IU/L) AST (IU/L) GGT (IU/L) CYP450 (ng/ml) G6Pase (nmol/min/ml)

G1 (control) 33.20±2.58e 62.20±3.84e 3.73±0.27d 2.27±0.34d 2.54±0.22d

G2 (diabetic) T2DM 66.80±1.02a 152.60±2.11a 10.43±0.52a 16.04±1.38a 10.62±0.74a

 G3 (ginseng) 30.60±0.68e 65.40±1.40e 3.90±0.17d 2.50±0.26d 2.68±0.39d

G4 (ginseng post T2DM induction) 61.60±2.01b 107.20±1.16b 5.80±0.17c 7.76±0.39b 6.68±0.42b

G5 (ginseng pre T2DM induction) 46.80±1.07c 94.00±0.45c 6.67±0.24b 5.64±0.15c 4.88±0.33c

G6 (ginseng pre and post T2DM induction) 40.80±0.37d 74.40±1.36d 5.07±0.09c 4.56±0.05c 4.00±0.07c

Means ± SE. Means within one column of different letters differ significantly at (P < 0.05). N=10. Panax ginseng was administered orally by gastric gavage for 2 months (200 mg /Kg 
B.W.). Each rat received one dose of alloxan (140 mg /kg B.W) intraperitoneally (I/P). ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma glutamyl transferase. 
CYP450: cytochrome p450, G6Pase: Glucose-6-phosphatase.

Table 4. Effect of administration of Panax ginseng for 2 months on the serum activity of MDA, Gpx, CAT and SOD in alloxan - induced type 2 diabetic male rats

Parameters

Group MDA (nmol/ml) Gpx (U/L) CAT serum (U/L) SOD serum (U/ml)

G1 (control) 3.28±0.29e 60.80±0.58b 42.80±1.39b 59.60±0.93b

G2 (diabetic T2DM) 18.06±0.48a 19.40±1.63e 13.80±0.97e 20.00±0.71e

 G3 (ginseng) 3.74±0.13e 65.60±1.86a 47.20±0.86a 72.20±1.11a

G4 (ginseng post T2DM induction) 14.18±0.24b 31.00±0.71d 26.00±1.76d 34.60±0.93d

G5 (ginseng pre T2DM induction) 11.16±0.36c 41.20±1.02c 32.80±0.86c 36.40±0.51d

 G6 (ginseng pre and post T2DM induction) 8.50±0.54d 43.60±0.51c 36.00±1.30c 45.00±0.84c

Means ± SE. Means within one column of different letters differ significantly at (P < 0.05). N=10. Panax ginseng was administered orally by gastric gavage for 2 months (200 mg /Kg 
B.W.). Each rat received one dose of alloxan (140 mg /kg B.W) intraperitoneally (I/P). MDA: Malondialdehyde. Gpx: Glutathione peroxidase. CAT: Catalase. SOD: Superoxide dismutase.
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(P < 0.05) lower in the serum of the diabetic group (G2) relative to 
the control group (G1) and all other groups (G3, G4, G5 and G6). 

Hepatic glutathione peroxidase (GPx), catalase (CAT) and su-
peroxide dismutase (SOD) activities, and malondialdehyde (MDA) 
level.

Data present in Table 5, revealed that hepatic MDA level in-
creased significantly (P < 0.05) in the diabetic group (G2) relative 
to all other groups (G1, G3, G4, G5 and G6). Also, it increased 
significantly (P < 0.05) in the treated groups (G4, G5 and G6) 
compared to the control group (G1). However, it decreased sig-
nificantly (P < 0.05) in ginseng group (G3) relative to the other 
treated groups (G4, G5 and G6). Moreover, hepatic MDA level 
decreased significantly (P < 0.05) in ginseng pre and post T2DM 
induction group (G6) compared to both ginseng post T2DM in-
duction group (G4) and ginseng pre T2DM induction group (G5). 
Furthermore, it decreased significantly (P < 0.05) in ginseng pre 
T2DM induction group (G5) compared to ginseng post T2DM in-
duction group (G4). But it showed a non-significant (P < 0.05) 
variation between the control (G1) and ginseng group (G3).

Also, Table 5, showed that hepatic activities of Gpx, CAT and 
SOD decreased significantly (P < 0.05) in the diabetic group (G2) 
relative to all other groups (G1, G3, G4, G5 and G6). Meanwhile, 
they increased significantly (P < 0.05) in ginseng group (G3) rel-
ative to other treated groups (G4, G5 and G6). Moreover, they 
increased significantly (P < 0.05) in ginseng pre and post T2DM 
induction group (G6) relative to both ginseng post T2DM induc-
tion group (G4) and ginseng pre T2DM induction group (G5). Fur-
thermore, their activities were increased significantly (P < 0.05) in 
ginseng pre T2DM induction group (G5) compared to ginseng 
post T2DM induction group (G4). The hepatic activity of both CAT 
and SOD was significantly (P < 0.05) higher in ginseng group (G3) 
relative to control group (G1). 

Real time PCR analysis

Data present in Figure 1, revealed that expressions of both hepat-
ic AMPK and IR genes were significantly (P < 0.05) higher in gin-
seng group (G3) relative to control group (G1) and other treated 
groups (G4, G5 and G6). Moreover, all other treated groups (G4, 
G5 and G6) showed higher expressions of both hepatic AMPK 
and IR genes compared to control group (G1). Also, ginseng pre 
T2DM induction group (G5) revealed a significant (P < 0.05) ele-
vation in the expression of hepatic IR gene compared to ginseng 
post T2DM induction group (G4). However, both hepatic AMPK 
and IR gene expressions decreased significantly (P < 0.05) in the 
diabetic group (G2) relative to all other groups (G1, G3, G4, G5 
and G6). 

Immunohistochemistry of the pancreas (IHC) (insulin antibody im-
munostaining)

As illustrated in Figure 2, ginseng group (G3) revealed a signif-
icant (P < 0.05) increase in the percentage of positive area of 
insulin secretion in the pancreatic beta cells relative to the other 
treated groups (G 4, G5 and G6). However, the diabetic group 
(G2) revealed a significant (P < 0.05) decrease in the percentage 
of positive area relative to the control (G1) and the other treated 
groups (G3, G4, G5 and G6). Moreover, the percentage was de-
creased significantly (P < 0.05) in ginseng post T2DM induction 
group (G4) compared to ginseng pre T2DM induction group (G5) 
and ginseng pre and post T2DM induction group (G6). Also, it 
decreased significantly (P < 0.05) in ginseng pre T2DM induction 
group (G5) compared to ginseng pre and post T2DM induction 
group (G6). But it had a non-significant (P < 0.05) variation be-
tween the control (G1) and ginseng group (G3).

The Pancreas of both control group (G1) and ginseng group 
(G3) showed marked immunostaining of the insulin antibody 
within the β-cells, as shown in Figs. 3A & C, respectively. Mean-
while, the pancreas of diabetic group (G2) showed marked de-
crease of the expression of the insulin antibody within the β- cells 
(Fig. 3B). Conversely, the pancreas of both ginseng post T2DM 
induction group (G4) and ginseng pre T2DM induction group 
(G5) exhibited moderate increase of the insulin antibody expres-

Table 5. Effect of administration of Panax ginseng for 2 months on the hepatic activity of MDA, GPx, CAT and SOD in alloxan - induced type 2 diabetic male rats.

 Parameters

Group MDA (nmol/g) Gpx (U /g) CAT (U / g) SOD (U/g)

G1 (control) 18.38±0.80e 238.60±0.51a 218.00±2.47b 307.40±1.03b

G2 (diabetic) T2DM 102.88±0.76a 108.80±0.58f 75.40±1.86f 131.00±3.67f

 G3 (ginseng) 20.40±0.93e 231.00±0.63b 245.40±3.08a 377.60±1.25a

G4 (ginseng post T2DM induction) 72.80±1.88b 159.40±0.87e 139.20±1.59e 180.00±0.71e

G5 (ginseng pre T2DM induction) 57.20±2.63c 217.20±0.86d 169.20±2.42d 223.80±0.58d

G6 (ginseng pre and post T2DM induction) 42.80±0.97d 220.40±0.81c 190.20±6.37c 233.40±1.44c

Means ± SE. Means within one column of different letters differ significantly at (P < 0.05). N=10. Panax ginseng was administered orally by gastric gavage for 2 months (200 mg /Kg 
B.W.). Each rat received one dose of alloxan (140 mg /kg B.W) intraperitoneally (I/P). MDA: Malondialdehyde. Gpx: Glutathione peroxidase. CAT: Catalase. SOD: Superoxide dismutase.

Fig. 1. Effect of administration of Panax ginseng for 2 months on the hepatic adenosine 
mono phosphate kinase (AMPK) and insulin receptors genes expression in alloxan - induced 
type 2 diabetic male rats. G1 (control), G2 (diabetic) T2DM, G3 (ginseng), G4 (ginseng 
post T2DM induction), G5 (ginseng pre T2DM induction), G6 (ginseng pre and post T2DM 
induction).
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sion within the β-cells (Figs. 3D & E, respectively). Moreover, the 
pancreas of ginseng pre and post T2DM induction group (G6) 
showing marked increase of the insulin antibody expression with-
in the β- cells (Fig. 3F).

Histological examination

Histological examination of the pancreas

Effect of administration of Panax ginseng for 2 months on the di-
ameter of the endocrine portion of the pancreas in alloxan - in-
duced type 2 diabetic male rats

Data illustrated in Figure 4, revealed that the diameter of the en-
docrine portion of the pancreas decreased significantly (P < 0.05) 
in diabetic group (G2) relative to all other groups (G 1, G3, G4, G5 
and G6). However, it was significantly (P < 0.05) higher in ginseng 
group (G3) compared to other treated groups (G4, G5 and G6). 
Moreover, it was significantly (P < 0.05) higher in ginseng pre 
and post T2DM induction group (G6) relative to both ginseng 
post T2DM induction group (G4) and ginseng pre T2DM induc-
tion group (G5). Furthermore, it increased significantly (P < 0.05) 
in ginseng pre T2DM induction group (G5) compared to ginseng 
post T2DM induction group (G4). 

Effect of administration of Panax ginseng for 2 months on the pan-
creatic histology in alloxan - induced type 2 diabetic male rats

The pancreas of both control group (G1) and ginseng group (G3) 
showed normal endocrine structure (Figs. 5A and C, respectively). 
Meanwhile, the pancreas of diabetic group (G2) showed atrophy 
of the β- cells (Fig. 5B). Conversely, both ginseng post T2DM in-
duction group (G4) and ginseng pre T2DM induction group (G5) 
revealed mild degenerative changes within the β cells (Figs. 5D 
and E, respectively). On the other hand, ginseng pre and post 
T2DM induction group (G6) showed only mild vacuolation of the 
β- cells (Fig. 5F). 

Effects of administration of Panax ginseng for 2 months on the 
hepatic histology in alloxan - induced type 2 diabetic male rats

The liver of both control group (G1) and ginseng group (G3) 
showed normal hepatic cells around the central vein in the form 
of cords (Figs. 6A and C, respectively). Meanwhile, the liver of dia-
betic group (G2) revealed features of marked diffuse cytoplasmic 
vacuolation mostly of fatty and hydropic degenerative changes 
and few lymphocytic infiltrations (Fig. 6B). However, the liver of 
both ginseng post T2DM induction group (G4) and ginseng pre 
T2DM induction group (G5) showed marked decrease of the vac-
uolar degenerative changes within the periportal area (Figs. 6D 
and E, respectively). Meanwhile, the liver of ginseng pre and post 
T2DM induction group (G6) exhibited marked decrease in the he-
patic vacuolation (Fig. 6F).

DISCUSSION

Pancreatic beta cell secretes insulin and control the level of plas-
ma glucose. It was reported that β-cell dysfunction or death plays 
the main role not only in type 1 diabetes but also in type 2 diabe-
tes (Mazza and Maffucci, 2014). T2DM, also known as non-insulin 
dependent diabetes mellitus, that attributed to loss the mass of 
β-cell and so, loss of its function (Li and Gong, 2015). 

Fig. 2. Effect of administration of Panax ginseng for 2 months on the percentage of positive 
area of the insulin secretion in the beta cells (insulin antibody immunostaining) in alloxan 
- induced type 2 diabetic male rats. G1 (control), G2 (diabetic) T2DM, G3 (ginseng), G4 
(ginseng post T2DM induction), G5 (ginseng pre T2DM induction), G6 (ginseng pre and 
post T2DM induction).

Fig. 3. Photomicrograph of rat pancreas. A) Control group (G1), showing marked immunos-
taining of the insulin antibody within the β- cells (arrow). B) Diabetic group (G2), showing 
very little expression of the insulin antibody within the β- cells (arrow indicates remnant of 
positive cells). C) Ginseng group (G3), showing marked expression of the insulin antibody 
within the β- cells (arrow). D) Ginseng post T2DM induction group (G4), showing moderate 
expression of the insulin antibody within the β- cells (arrow). E) Ginseng pre T2DM induc-
tion group (G5), showing an obvious expression of the insulin antibody within the β- cells 
(arrow). F) Ginseng pre and post T2DM induction group (G6), showing marked expression 
of the insulin antibody within the β-cells (arrow), X200.
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The findings of the present study showed that treatment of 
the alloxan- induced type 2 diabetic male rats with P. ginseng 
for 2 months caused a significant decrease in the serum fasting 

glucose level and the other biochemical parameters, involving 
total cholesterol, LDL, VLDL, TG and increases the level of good 
cholesterol (HDL); these data agreed with the results of Kim et 
al. (2017) who found that ginseng decreased the level of blood 
glucose, cholesterol, LDL and total triglycerides; and agreed with 
the results of Abdelazim et al. (2019) who proved that ginseng 
can increase serum levelof HDL and reduce serum levels of total 
cholesterol (TC), TG and LDL. 

The modulatory effect of P. ginseng on serum glucose level 
could be attributed to its main component ginsenoside, which 
modifies the levels of blood glucose via enhancing β-cell action 
and improving insulin sensitivity (Chen et al., 2019a). The lower-
ing effect of P. ginseng on the serum cholesterol level may be at-
tributed to its component ginsenoside mainly Rg1; which affects 
lipid metabolism and decreases TC level (Bai et al., 2018).

Moreover, treatment of the diabetic male rats with P. ginseng 
caused a significant increase in insulin secretion evident by in-
creasing the percentage of the positive area of insulin secretion 
and increasing the immunostaining of the insulin antibody with-
in the β-cells using immunohistochemistry technique, this data 
agreed with the results of Wu et al. (2007) who proved that gin-
seng increased the cells of insulin production and improved pan-
creatic islet functions.

In the present study, treatment of diabetic male rats with P. 
ginseng for two months resulted in a significant elevation in the 
serum levels of total Protein, albumin, A/G ratio and decrease in 

Fig. 4. Effect of administration of Panax ginseng for 2 months on the diameter of the endo-
crine portion of the pancreas (islets of Langerhans) in alloxan - induced type 2 diabetic male 
rats. G1 (control), G2 (diabetic) T2DM, G3 (ginseng), G4 (ginseng post T2DM induction), 
G5 (ginseng pre T2DM induction), G6 (ginseng pre and post T2DM induction).

Fig. 5. Photomicrograph of rat pancreas. A) Control group (G1), showing normal endocrine 
structure (arrow indicates normal β- cells). B) Diabetic group (G2), showing atrophy in 
all the islets of Langerhans (arrow). C) Ginseng group (G3), showing normal endocrine 
structure (arrow). D) Ginseng post T2DM induction group (G4), showing mild degenerative 
changes within the β cells (arrow). E) Ginseng pre T2DM induction group (G5), showing 
mild degeneration of the pancreatic β- cells (arrow). F) Ginseng pre and post T2DM induc-
tion group (G6), showing mild vacuolation of the β- cells (arrow), H&E, X200.

Fig. 6.  Photomicrograph of rat liver. A) Control group (G1), showing normal hepatic cells 
around the central vein in the form of cords (arrow). B) Diabetic group (G2), showing 
marked diffuse cytoplasmic vacuolation mostly of fatty and hydropic degenerative changes 
(arrow) and few lymphocytic infiltrations (arrowhead). C) Ginseng group (G3), showing 
normal hepatocytes around the central vein in the form of cords with mild and granular 
cytoplasmic changes (arrow). D) Ginseng post T2DM induction group (G4), showing some 
hepatic cells with vacuolar degenerative changes (arrows). E) Ginseng pre T2DM induction 
group (G5), showing some hepatic cells with vacuolar degenerative changes at the peripher-
al area (arrows). F) Ginseng pre and post T2DM induction group (G6), showing apparently 
normal architecture with very little hepatic vacuolation. H&E, X200.
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total, direct and indirect bilirubins levels, these findings agreed 
with the data of Shin et al. (2006) who found that Panax gin-
seng significantly (P < 0.05) enhanced the levels of TP in forced 
immobile mice. Also, these data agreed with the data of Nam 
et al. (2018b) who found that oral administration of ultrasonica-
tion-processed ginseng berry extract decreased the serum levels 
of bilirubin. Measurement of the protein levels in the blood is 
considered an important indicator for the nutritional status, liver 
disease and kidney disease and can indicated that P. ginseng act 
as a good preserver for the energy source. Serum albumin level is 
a good index for estimation of the liver function as it produced by 
liver (Shin et al., 2006). Bilirubin is a toxic endogenous material, 
which is the end result of hemoglobin breakdown and acts as a 
diagnostic index of the hepatic and the blood disorders (Fevery, 
2008).

Serum ALT, AST and GGT activities are considered as the ma-
jor indicators of the organ dysfunction, the makers of both cellu-
lar damage and loss integritiy of the hepatic cellular membrane. 
Increases in the levels of the above-mentioned enzymes in dia-
betic rats may be due to oxidative stress evoked by hyperlipid-
emia (Uluisik and Keskin, 2016).

 Treatment of diabetic male rats with P. ginseng for 2 months 
caused a significant (P < 0.05) improvement of type 2 diabetes. 
The hepatic improvement is evident by a significant reduction 
in serum levels of ALT, AST and GGT; these data agreed with the 
data of Uluisik and Keskin (2016) who found that red Korean 
ginseng significantly decreased serum activities of ALT, AST and 
GGT. Also, the obtained data agreed with the results of Kalkan 
et al. (2012) who found that P. ginseng significantly decreased 
serum ALT, AST and GGT activities. P. ginseng had a hepatopro-
tective effect which is mediated by its anti-apoptotic actions, the 
inhibition of inflammation and the suppression of c-Jun N-termi-
nal protein kinase (JNK) activity (Bai et al., 2018). 

Moreover, serum cytochrome P450 activity in the serum de-
creased significantly (P < 0.05) in the treated groups relative to 
the diabetic one; this data agreed with the data of Lu et al. (2005) 
who proved that treatment with ginseng extract reduced cyto-
chrome P450 content by 33% and they also found that I/P admin-
istration of ginseng Rb1 (GRb1) to rats resulted in reducing the 
liver cytochrome P-450 (CYP450) and the activity of Nicotinamide 
adenine dinucleotide phosphate (NADPH)-cytochrome P-450 re-
ductase compared to control rats. 

Furthermore, hepatic G6Pase activity decreased significant-
ly in treated groups compared to diabetic group; this finding 
agreed with the data of Jeon et al. (2013) who found that fer-
mented ginseng extract (FGE) significantly (P < 0.05) decreased 
the expression of glucose-6-phosphotase (G6Pase) in hepatic 
tissues of db/db mice. G6Pase plays a crucial effect in glucose 
homeostasis as it is the major enzyme of both gluconeogenesis 
and glycogenolysis (Jeon et al., 2013). 

In addition, the hepatoprotective role of P. ginseng is obvi-
ously noticed as an improvement in the impaired hepatic his-
tology, this effect agreed with the results of Kitts and Hu (2000) 
who proved that ginsenosides have a hepatoprotective effect via 
destroying reactive oxygen species and lipid peroxyl radicals.

Oxidative stress (OS) is the exaggerated presence of oxidants 
related to antioxidants that act efficiently as oxidizing agents, 
which recognized as free radicals, involving reactive oxygen spe-
cies (ROS) and reactive nitrogen species (RNS) (Paiva et al., 2017). 
Buresh and Berg (2015) found that there is a group of enzymes 
which provoke ROS and RNS, such as, nitric oxide synthase, 
NADPH oxidase and myeloperoxidase. Superoxide dismutase, 
glutathione peroxidase, glutathione reductase and catalase en-
zymes are involved in the process of cellular redox balance, that 
can transform superoxide radicals into peroxides and peroxides 
transformed into water and hydrogen; so, they can be used to 
evaluate oxidative stress (Silva et al., 2011). Zhang et al. (2020) 
reported that OS exerts a critical action in the progression of all 
cases of diabetes mellitus, especially T2DM. Also, OS plays a main 
function in the pathogenesis of diabetic complications.

Treatment of diabetic male rats with P. ginseng for two months 

resulted in amelioration of the oxidative stress cleared by a signif-
icant increase in serum and hepatic activity of Gpx, CAT and SOD 
and decrease in MDA level, these data come in the same line with 
those of Anand et al. (2019). The present findings may be due 
to the free radical scavenging action of P. ginseng, it scavenges 
the hydroxyl radicals and save the unsaturated fatty acids from 
deterioration produced by lipid peroxidation (Nam et al. 2018a).

Treatment of the diabetic male rats with P. ginseng for 2 
months significantly (P < 0.05) improved both AMKP and IR ex-
pression in the liver, these results agreed with the findings of 
Abdelazim et al. (2019) who found that AMPK gene expression 
level elevated in all rats treated with ginseng; also they found 
that ginseng significantly enhanced the expression of insulin re-
ceptors A (IRA) in diabetic rats treated with ginseng. Moreover, 
the obtained data agreed with the findings of Kho et al. (2016) 
who proved that ginseng up regulated the insulin receptors in 
the muscles of rat models of metabolic syndrome. 

AMPK is considered as an important metabolic sensor which 
regulates the cellular energy homeostasis, it present in all eukary-
otes as heterotrimeric complexes which consists of three major 
subunits; catalytic α, regulatory β and γ ( Jeong et al., 2014). AMPK 
can activate the catabolic process, such as glucose and fatty ac-
ids uptake and metabolism via both glycolysis and mitochondrial 
oxidation. As well as, AMPK can inhibit anabolic process, such as 
the hepatic manufacturing of glucose, glycogen and lipids. Ac-
tivation of AMPK enhanced the insulin and Glucose transporter 
4 (GLUT4) translocation in the muscles (Kim et al., 2013). By in-
hibiting hepatic gluconeogenesis and enhancing glucose uptake 
by muscles and metabolism. So, there is an obvious relationship 
between AMPK action and DM incidence (Na et al., 2018).

CONCLUSION

This study pointed to the capability of P. ginseng to ameliorate 
and protect male rats against DM type 2 through reduction the 
serum glucose, cholesterol and bilirubin levels, increasing the in-
sulin and total proteins secretion, suppression of the oxidative 
stress, improving the hepatic enzymes level, modulation of both 
the AMPK and the insulin receptor expressions in the liver. Final-
ly, we can conclude that the best group in achieving the aims of 
the study was the ginseng pre and post T2DM induction. So, it is 
recommended to use P. ginseng as a dietary supplement to avoid 
T2DM incidence to ameliorate the general health status and re-
lieve some of its metabolic complications.
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