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In this study, we investigated the protective effects of fermented ginseng (FG) on hyperglycemia induced by 
streptozotocin (STZ) in Sprague Dawley rats. FG was administered orally at dose of 250 (FGL) or 500 mg/kg 
(FGH) for 20 days starting one week before STZ injection. FG restored the plasma insulin levels by 266% and 
334% in FGL and FGH, respectively, and resulting in reduction of plasma glucose concentration. Histological 
observation indicated that STZ-induced destruction of pancreatic islets was protected by FG. Consistent with 
this observation, FG reduced protein and mRNA levels of inducible nitric oxide synthase (iNOS) and cyclooxy-
genase-2 (COX-2), as determined by Western blotting and RT-PCR, respectively. The molecular mechanism 
of FG’s inhibition of iNOS and COX-2 gene expressions appeared to involve the inhibition of nuclear factor-κB 
(NF-κB) activation via prevention of inhibitor κB (IκB) phosphorylation and degradation. The cytoprotective 
effects of FG were also mediated through suppression of extracelluar signal-regulated kinase (ERK) and c-JUN 
N-terminal kinase (JNK) pathways. Collectively, these results suggest that FG might be used to preserve func-
tional β-cell mass. Copyright © 2009 John Wiley & Sons, Ltd.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is an autoimmune 
disease that is characterized by specifi c destruction of 
β-cells in the islets of Langerhans (Atkinson and 
Maclaren, 1994). At an early stage of the disease, histo-
logical fi nding shows features of insulitis characterized 
by the infi ltration of immune cells, such as T lympho-
cytes, macrophages, and natural killer cells into pan-
creas islets (Kwon et al., 2006). It is generally thought 
that immune cells, cytokines, free radicals and produc-
tion of nitric oxide (NO) have an important role in the 
pathogenesis of disease (Amirshahrokhi et al., 2008). 
Streptozotocin (STZ) is one of the most widely used 
diabetogenic agent to induce insulitis in animal models 
(Szkudelski, 2001). In the STZ-induced hyperglycemic 
model, STZ can damage pancreatic islet β-cells by acti-
vating immune mechanisms and alkylating DNA (Kwon 
et al., 1994). Cumulative evidence suggests that oxygen 
free radicals or NO mediate deleterious effects of STZ 
on β-cell dysfunction and destruction (Kwon et al., 
2006).

Panax ginseng C.A Mayer has been widely used in 
traditional oriental herbal medicine in many countries 
and is considered a precious herb medicine (Kim et al., 

2003). The pharmacological properties of ginseng are 
mainly attributed to ginsenosides, the active compo-
nents found in the extracts of different species of ginseng 
(Nah et al., 2007). Up to now, ginsenosides Rb1, Rg1, 
Rg3, Rh2, Re and compound K have been documented 
in many studies and found the antidiabetic effects of 
ginsenosides (Han et al., 2007; Lee et al., 2007; Chang et 
al., 2008; Park et al., 2008; Zhang et al., 2008). To fi nd 
safer and more effective antidiabetic agents from 
ginseng radix, fermented ginseng (FG) was developed. 
Recently, FG has been reported to possess hypoglyce-
mic activity (Trinh et al., 2007; Kim et al., 2009a). 
However, virtually no reports have described FG pro-
tection against pancreas damage.

In the present study, FG was found to have a preven-
tive effect on STZ-induced pancreatic islets damage in 
Sprague Dawley rats. To elucidate the mechanism, we 
examined the effects of FG on the mitogen-activated 
protein kinase (MAPK) cascade in pancreatic islets: 
MAPK activation, IκBα phosphorylation and degrada-
tion, nuclear translocation of NF-κB, expressions of 
iNOS and COX-2. MAPKs play critical roles for the 
activation of NF-κB and subsequently, regulate COX-2 
as well as iNOS-NO expression. We demonstrate here 
that FG inhibits this cascade at the level of MAPK 
activation, suggesting a potential application for FG in 
the prevention of pancreatic islets damage.

MATERIALS AND METHODS

Plant material. FG was kindly supplied by the Central 
Research Center, Ilhwa Pharmaceutical Co. (Guri-Si, 
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Korea). Briefl y, the dried ginseng (1 kg) was extracted 
from 5 L of ethanol and concentrated with a speedvac. 
The dry ginseng extract was incubated with an enzyme 
solution containing 1.5% β-galactosidase (Sigma-
Aldrich, St Louis, MO, USA) at 50 °C for 72 h and 
adjusted the chilled solution with citric acid to pH 5.6, 
and fi nally incubated the solution with cellulose (Sigma-
Aldrich, St Louis, MO, USA) for 48 h at 37 °C until diol 
ginsenosides such as Rb1, Rc, Rb2, and Rd were changed 
to compound K. The chemical structure of compound 
K is depicted in Fig. 1.

Animal. Six-week-old male Sprague Dawley rats 
(310–350 g) were purchased from ORIENT BIO (Seoul, 
Korea). All animals were acclimatized to the laboratory 
environment for 2 weeks before the experiment. Rats 
were allowed free access to drinking water and food 
under constant room temperature (22 ± 2 °C) and 
humidity (50 ± 10%) conditions with an automatic 12-h 
light/dark cycle. Experimental protocols were approved 
by the Institutional Animal Ethics Committee of the 
Kyung Hee University. Rats were randomly divided 
into 4 groups: normal control group (NC); streptozoto-
cin–induced diabetic group (STZ); fermented ginseng 
250 mg/kg group (FGL); and fermented ginseng 500 mg/
kg group (FGH). A single dose of 65 mg/kg STZ pre-
pared in citrate buffer (0.1 M, pH 4.0) was injected 
intraperitoneally to induce diabetes. Diabetes was con-
fi rmed after 48 h of STZ injection, and the rats showing 
plasma glucose levels of more than 250 mg/dl were 
selected and used for the present study. In the treatment 
groups, rats were orally administered once a day for 
20 days starting one week before STZ injection.

Determination of serum parameters. After 20 days of 
treatment, blood samples were collected through tail 
vein; plasma glucose and insulin levels were measured. 
Plasma glucose and insulin concentrations were deter-
mined using enzymatic GOD-PAP (glucose oxidase 
peroxidase) diagnostic kit (Asan Pharmaceutical Co., 
Seoul, Korea) and a mouse insulin enzyme immunoas-
say kit (Shibayagi Co., Gunma, Japan), respectively.

Histological analysis. The pancreas tissue was removed 
and fi xed in 10% neutral buffered formalin, embedded 
in paraffi n and sectioned with 5 μm thickness (Leica, 
Wetzlar, Germany), and then stained with hematoxyl-
in-eosin for microscopic assessment (Olympus, Tokyo, 
Japan).

Western blot analysis. After sacrifi ce, the pancreases 
were immediately removed and instantly soaked in 
liquid nitrogen and stored at −70 °C. Protein extracts 
were prepared using a protein extraction kit (Intron 
Biotechnology Inc., Seoul, Korea). Lysates (40 μg) 
were electroblotted onto a nitrocellulose membrane 
following separation on a 8% SDS-polyacrylamide gel 
electrophoresis. Blotted membranes were incubated 
for 1 h with blocking solution (tris-bufferd saline/Tween 
20, TBST) containing 5% skim milk (w/v) at room 
temperature, followed by incubation overnight at 4 °C 
with 1 : 2,000 diluted iNOS, COX-2, ERK, p-ERK, 
JNK, p-JNK, IκBα, p-IκBα, β-actin primary antibodies 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). 
Membranes were washed 4 times with 0.1% TBST and 
incubated with 1 : 3,000 diluted horseradish peroxidase-
conjugated goat anti-rabbit or donkey anti-rabbit IgG 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) sec-
ondary antibody for 1 h at room temperature. Mem-
branes were washed 4 times in TBST and then developed 
by ECL (Amersham, Uppsala, Sweden).

RNA preparation and Reserve Transcription-Poly-
merase Chain Reaction (RT-PCR). Total mRNA was 
isolated from rat pancreas using an Easy-Blue kit 
(Intron Biotechnology Inc., Seoul, Korea) according to 
the manufacturer’s instruction. From each sample, total 
RNA (10 μg) was reverse transcribed into cDNA using 
Moloney murine leukemia virus transcriptase and Oligo 
(dT) 15 primers (Promega, Madison, WI, USA) as 
primers. The cDNA fragment was amplifi ed by PCR 
using the following specifi c primers: iNOS mRNA 
(F): 5′-ATGGCTTGCCCCTGGAAFT-3′; (R): 
5′-GTACTTGGGATGCTCCATGGTCA-3′; COX-2 
mRNA (F): 5′-ATGCTCTTCCGAGCTGTGCT-3′; 
(R): 5′-TTACAGCTCAGTTGAACGCCTTTT-3′; 
CPN mRNA (F): 5′-ATGGTCAACCCACCGTG-3′; 
(R): 5′-TTAGAGTTGTCCACAGTTCGGAGA-3′. 
PCR was initiated a thermal cycle programmed at 95 °C 
for 5 min, 95 °C for 30 sec, 57 °C for 30 sec, 72 °C for 30 
sec, and amplifi ed for 30 cycles. The RT-PCR products 
were electrophoresed on 1% agarose gels and visual-
ized by 0.5 ug/ml ethidium bromide staining and scan-
ning densitometry was performed with I-MAX Gel 
Image analysis system (Core-Bio, Seoul, Korea). CPN 
was amplifi ed as a control gene.

Nuclear extraction and Electrophoretic Mobility Shift 
Assay (EMSA). Nuclear extract was prepared using a 
nuclear extraction kit (Fermentas Inc., Glen Burnie, 
MD, USA). IκBα and p-IκBα in the cytoplasmic frac-
tion were analyzed via western blotting. Nuclear extract 
(10 μg) was mixed with double-stranded NF-κB oligo-
nucleotide 5′-AGTTGAGGGGACTTTCCCAG-GC3′ 
end-labeled by [γ-32P] dATP (underlying indicates α κB 
consensus sequence or a binding site for NF-κB/cRel 
homodimeric and heterodimeric complex). The binding 
reactions were performed at 37°C for 30 min in 30 μl of 
reaction buffer containing 10 mM Tris–HCl, pH 7.5, 
100 mM NaCl, 1 mM EDTA, 4% glycerol, 1 μg of poly 
(dI-dC) and 1 mM DTT. The specifi city of binding was 
examined by competition with the 80-fold unlabeled 
oligonucleotide. DNA/nuclear protein complexes were 
separated from the unbound DNA probe on native 5% 
polyacrylamide gels at 100 V in 0.5 × TBE (5 mM Tris, 
1 mM borate, 5 mM EDTA) buffer. The gels were 

Figure 1. Chemical structure of compound K.
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vacuum dried for 1 h at 80°C and exposed to X-ray fi lm 
at −70°C for 24 h.

Statistical analysis. Results were expressed as mean ± 
SEM and differences between groups were analyzed 
using Student’s t-test. Statistical signifi cance was consid-
ered at p < 0.05.

RESULTS

Effect of FG on plasma glucose and insulin levels

Twenty days after STZ injection, plasma glucose levels 
were elevated (340.2 ± 21.1 mg/dl) as compared to the 
control rats (175.1 ± 7.8 mg/dl). There was a marked 
decline in the insulin levels of STZ-treated rats com-
pared to age matched control rats (Fig. 2B). Chronic 
treatment of FG dose dependently preserved the plasma 
insulin levels. Consequently, plasma glucose levels in 
FG-treated groups were reduced by 24.5% and 20.7% 
in FGL and FGH, respectively, compared to the STZ 
control group (Fig. 2A).

FG protects pancreatic islets

To evaluate the protective effect of FG on STZ-induced 
pancreatic islets damage, histological examination was 

performed. The STZ group rats exhibited defi nitive 
β-cell loss and degeneration of islet, whereas rats treated 
with FG preserved islet architecture (Fig. 3). This obser-
vation demonstrated that STZ-induced destruction of 
β-cell and the degree of infl ammation were ameliorated 
by FG in pancreas.

Effects of FG on expressions of iNOS, COX-2 protein 
and mRNA

Effects of FG on the expressions of iNOS and COX-2 
protein and mRNAs were determined by western blot 
analysis and RT-PCR, respectively. As shown in Fig. 3, 
iNOS and COX-2 protein and mRNA expressions were 
markedly increased in rat pancreas treated with STZ 
alone, whereas rats treated with FG showed suppressed 
expressions of the protein and mRNA levels of iNOS 
and COX-2 (Figs 4A and 4B). This result indicates that 
the protective effect of FG against STZ-induced pan-
creas damage is due to the suppression of iNOS and 
COX-2 gene expressions.

Effect of FG on NF-κB activation

Because NF-κB is implicated in the transcriptional reg-
ulation of iNOS and COX-2 expressions, EMSA was 
performed to examine whether FG infl uences NF-κB 
activation. As shown in Fig. 4A, nuclear extract from 

Figure 2. Effects of FG on plasma glucose (A) and insulin (B) 
levels in STZ-induced diabetic rats. Values represent the mean 
± SE (n = 6). *p<0.05, **p<0.01 vs. STZ; ##p<0.01 vs. NC.

Figure 3. Histological profi les for pancreatic islets in normal rats 
(NC), diabetic rats (STZ), FG 250 mg/kgtreated rats (FGL) and FG 
500 mg/kg-treated rats (FGH). Relatively well documented pan-
creatic islets and tightly arranged islet cells were observed in 
normal rats. Severe necrosis and mild atrophy of islets were 
found in diabetic rats, which were improved after treatment 
with FG. Stained sections showing islet morphology in sections 
stained with H&E,  ×400.
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STZ-injected rat pancreas showed an increase in NF-κB 
DNA binding activity, and this NF-κB DNA binding 
was markedly suppressed in FG-treated rats. Next, to 
determine whether FG’s inhibition of nuclear transloca-
tion of NF-κB is due to an effect on IκBα degradation, 
the cytoplasmic levels of IκBα were determined by 
western blot analysis. The result showed that STZ-
induced IκBα degradation was signifi cantly prevented 
by FG in a dose-dependent manner (Fig. 4B). Because 
NF-κB is activated by IκBα degradation after phosh-
porylation of IκBα at the serine residues (May and 
Ghosh, 1998), FG also inhibited the STZ-induced phos-
phorylation of IκBα protein expression (Fig. 5B).

Effect of FG on ERK1/2 and JNK phosphorylation

MAPKs are known to be play important roles in the 
activation of NF-κB (Minden et al., 1994; van den 
Berghe et al., 1998). To investigate whether the inhi-
bition of NF-kB activation by FG is mediated by 
MAPKs pathway, we examined the effects of FG on 
the STZ-induced phosphorylations of ERK1/2 and 
JNK in rat pancreas by western blot analysis. As 
shown in Fig. 6, FG suppressed the STZ-induced acti-
vations of ERK and JNK in dose-dependent manners. 
The results suggest that FG’s inhibition of NF-κB 
activation is due to inhibitions of ERK and JNK 
phosphorylation.

DISCUSSION

Ginseng is widely used in oriental medicine to treat 
various diseases. The pharmacological effects of ginseng 
are mostly attributed to ginsenoside and many studies 
documented the antidiabetic activity of ginsenoside. 
(Vuksan and Sievenpiper, 2005; Han et al., 2006; 2007; 
Shang et al., 2007; Park et al., 2008). Compound K (CK), 
an intestinal metabolite of panaxadiol ginsenosides, is 
considered the main active constituent in FG. Recently, 
our laboratory reported that CK signifi cantly decreased 

Figure 4. Effects of FG on iNOS and COX-2 protein (A) and 
mRNA (B) expression in rat pancreas. A single dose of 65 mg/
kg STZ prepared in citrate buffer (0.1 M, pH 4.0) was injected 
intraperitioneally to induce diabetes. Diabetes was confi rmed 
after 48 h of STZ injection, and the rats showing plasma glucose 
levels more than 250 mg/dl were selected and used for the 
present study. In the treatment groups, rats were orally admin-
istered once a day for 20 days starting one week before STZ 
injection. After treatment with STZ for two weeks, iNOS and 
COX-2 protein (A) and mRNA (B) expressions in rat pancreas 
were measured by Western blot and RT-PCR as described in 
Materials and Methods.

Figure 5. Effects of FG on translocation of NF-κB from cytosol 
to the nucleus (A) and IκBα degradation (B) in pancreas. At the 
end of treatment of FG, DNA binding of NF-κB was analyzed by 
EMSA, and IκBα degradation in cytosol was determined by 
Western blot as described in Materials and Methods. 

Figure 6. Effects of FG on phosphorylations of MAPKs in rat 
pancreas. At the end of treatment of FG, p-ERK, ERK, p-JNK, 
JNK protein expressions in rat pancreas were measured by 
Western blot as described in Materials and Methods.
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the fasting blood glucose levels in C57BL/KSJ db/db 
mice through insulin secretion and improved insulin 
resistance (Han et al., 2007). In addition, CK was shown 
to activate AMPK and affect lipid metabolism in insu-
lin-resistant human HepG2 cells (Kim et al., 2009b). We 
also reported that FG showed hypoglycemic activity in 
C57BL/KSJ db/db mice through AMPK activation 
(Kim et al., 2009a). Park et al. (2005) showed the effects 
of ginsenoside Rb1 and CK on NO and prostaglandin 
E2 synthesis and CK was shown to reduce the expres-
sion levels of iNOS and COX-2 in RAW 264.7 cells. 
However, there were no reports documenting the 
protection activity of FG against STZ-induced islets 
damage.

In the STZ-induced hyperglycemic rats, diabetes 
arises from the irreversible destruction of pancreatic 
β-cells due to free radicals and NO, resulting in degran-
ulation and reduction of insulin secretion (Nathan, 
1992). In the present study, pretreatment with FG sig-
nifi cantly reduced STZ-induced high blood glucose 
levels, and markedly elevated plasma insulin levels in a 
dose-dependent manner (Fig. 1). Subsequently, histo-
logical analysis of pancreatic tissue showed that the 
islets of STZ-injected control group revealed degenera-
tive and necrotic changes, and islets shrinkage. However, 
FG was prevented from destroying islets caused by STZ 
(Fig. 2). These results showed that STZ-induced pan-
creatic β-cell damage was ameliorated by FG, conserved 
of insulin contents, and consequently lowered plasma 
glucose levels.

Infl ammation is associated with a large number of 
mediators such as iNOS and COX-2 (O’Neill, 2006), 
which are regulated by NF-κB transcription factor 
(Baeuerle and Baltimore, 1996). To explore the action 
mechanisms of FG, we examined the expression levels 
of iNOS and COX-2 protein and mRNA. We found that 
FG inhibits iNOS and COX-2 protein expressions in 
STZ-induced rat pancreas, and it probably acts at the 
transcriptional level, as evidenced by reductions in their 
mRNA levels (Fig. 3). NF- κB is known to play a critical 
role in the regulation of cell survival genes, and coordi-
nates the expressions of pro-infl ammatory enzymes and 
cytokines (Karin, 1999). In non-stimulated cells, NF-κB 

is present in the cytosol as a homodimer or heterodimer, 
and in particular is linked to the inhibitory proteins, 
such as IκB (Baeuerle and Baltimore, 1996; Zhou et al., 
2008). The activation of NF-κB results in the phosphor-
ylation, ubiquitination, and proteasome-mediated 
degradation of IκB proteins, followed by the nuclear 
translocation and DNA binding of NF-κB (Chun et al., 
2003). As shown in Fig. 4, FG inhibited the nuclear 
translocation of the p65 protein and activation of 
NF-κB. Additionally, western blot showed that FG pre-
vented the degradation and resynthesis of IκBα protein. 
These results revealed that pretreatment with FG inhi-
bits the STZ-induced expressions of iNOS and COX-2 
through inactivation of NF-κB resulting in reduction 
of IκBα degradation and phosphorylation in rat 
pancreas.

One of the most extensively investigated intracellular 
signaling cascades involved in pro-infl ammatory 
responses is the MAPK pathway. MAPK is known to 
regulate NF-κB activation by multiple mechanisms 
(Garrington and Johnson, 1998; van den Berghe et al., 
1998). Accumulating evidence indicates that NF-κB 
activation is modulated by ERK1/2 and JNK (Chun 
et al., 2003; Zhou et al., 2008). To further investigate the 
mechanisms of FG, effects on phosphorylations of ERK 
and JNK were examined. As shown in Fig. 5, FG dose-
dependently inhibited the phosphorylations of ERK 
and JNK in pancreas. These results suggested that FG’s 
inhibition of NF-κB activation might be due to inhibi-
tion of ERK and JNK phosphorylations.

In summary, our results suggest that FG prevented 
STZ-induced pancreas β-cell damage through the sup-
pression of iNOS and COX-2 expression via downregu-
lation of the MAPK signal pathway and inactivation of 
NF-κB, indicating that FG may have a benefi cial effect 
when used to prevent the progress of Type 1 diabetes.
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