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ABSTRACT

Introduction: This study was conducted to determine immunological and meta-
bolic effects of different concentrations of ginger rhizome (Zingiber officinale Ros-
coe) in streptozotocin (STZ)-nicotinamide (NA) induced diabetic rats. Methods:
Forty-eight fasted male Sprague-Dawley rats were induced diabetes using a single
intraperitoneal injection of NA(110 mg/kg b.w.) and STZ (65 mg/kg b.w, 15 min
after NA). Diabetic rats orally received either different concentrations (250, 500
and 750 mg/kg body weight) of ginger rhizome suspension or glibenclamide (10
mg/kg body weight) for 6 weeks. Two control diabetic and normal groups were
gavaged with only distilled water as a vehicle. Results: The results indicated that
the lower concentrations of ginger modulated body weight, fasting blood glucose,
level of triglyceride and tumor necrosis factor-o. (TNF-a) (p<0.05). In contrast, gin-
ger could not enhance atherogenic indices due to a decline in the level of HDL-c.
Immunological features of ginger were evident by a significant lymphocyte pro-
liferation in all treated groups at stimulation by 5 ug/ml PHA (p<0.001). Level
of CD45ra+ (B cell marker) increased significantly in the lowest dose of ginger
(p<0.05, 58%), and 250 mg/kg body weight of ginger was found to be safe for not
altering the level of CD4+CD25+ marker (p>0.05). Conclusion: Ginger indicated
better impact on metabolic and immunologic parameters in lower doses of supple-
mentation compared with high doses of treatment.
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INTRODUCTION

Diabetes mellitus is a general term for het-
erogeneous disturbances of metabolism
with chronic hyperglycaemia which can
occur through impaired insulin secretion,
impaired insulin action or both. Diabetes is
classified mainly into two types (type 1 and
type 2), as well as other specific forms such
as gestational diabetes (Kerner & Briickel,
2014). The number of people with diabetes
is growing rapidly, particularly in devel-
oping countries. Similarly, the rise of type
2 diabetes in South Asia is estimated to be
more than 150% between 2000 and 2035
(Nanditha et al., 2016). A recent study in
Malaysia also revealed an overall diabetes
prevalence of 22.6% in this country which
reflected a twofold increase from the year
2006 (Wan Nazaimoon et al., 2013).

Type 2 diabetes is associated with
wide-ranging innate immune responses in-
cluding chronic inflammation and increas-
ing levels of blood cytokines which origi-
nate from development of islet dysfunction
(Butcher et al., 2014). Elevated levels of
inflammatory cytokines may lead to clini-
cal and biomedical features of metabolic
syndrome such as central obesity, hyper-
tension, dyslipidemia and atherosclerosis
(Reaven, 1988). Defect in insulin secretion
in diabetes may cause inappropriate im-
mune-responses and hence lymphocytes
inactivity (Stentz et al., 2004, Butcher et al.,
2014). On the other hand, a chronic rise in
inflammatory mediators can affect insulin-
sensitive tissues and blood vessel walls as
well as pancreatic p-cells (Donath et al.,
2003) which can worsen both inflammatory
and diabetic conditions. It has been found
that nutritional intervention can interfere
with the progress of these ailments via an-
ti-oxidative and anti-inflammatory mod-
erators of foods and plants. Accordingly,
the present study reports some nutritional
aspects of ginger rhizome to resuscitate the
immune system of streptozotocin-nicotin-
amide induced diabetic rats.

Ginger (Zingiber officinale Roscoe) be-
longs to the family of Zingiberaceae. This
plant was first cultivated in South-east Asia,
and then made well-known as a general
spice and herb in other parts of the world.
Gingerols in fresh ginger and shogaols
in dry samples are homologous series of
phenols which cause the pungency of the
plant (Wohlmuth et al., 2005); these biologi-
cally active components make a significant
contribution towards medicinal applica-
tions of ginger (Sanwal et al., 2010). Some
health benefits of ginger and its constitu-
ents that include hypoglycemic, immuno-
modulatory, hypolipidemic, anti-cancer,
anti-inflammatory, anti-apoptotic and
anti-emetic actions have been recognized
(Ali et al., 2008). Ginger has been shown
to have a positive impact on diabetes mel-
litus by inhibitory action of key enzymes
controlling carbohydrate metabolism and
increased insulin release/sensitivity (Li et
al. 2012). Moreover, the cardiovascular, an-
tioxidant capacities of ginger in molecular
aspects and targets have been investigated
(Butt & Sultan, 2011). This study was sub-
sequently organised to address the gaps
in the literature of the immune-protective
role of the ginger rhizome including anti-
inflammatory action, lymphocyte prolif-
erative and immune-phenotyping effects
rather than its metabolic impact in a model
of diabetic rats.

METHODS

Materials

Streptozotocin and nicotinamide were pur-
chased from Merck Millipore (Germany)
while the biochemical measurement kits
were supplied by Roche (USA). The com-
mercial kits for performing sandwich En-
zyme Linked Immunosorbent Assay were
purchased from Scientifacts Sdn. Bhd in Ma-
laysia (eBioscience, Austria) (IL-6:BMS625
and TNF-o: BMS622). Spleen cells cultured
in media consisted of RPMI 1640 (Gibco
BRL, Invitrogen) supplemented with 10%
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foetal calf serum (Gibco BRL, Invitrogen).
Scintillation fluid, anti-bodies and cocktail
kits were purchased from Becton Dickin-
son, USA.

Preparation of ginger

Young fresh ginger rhizomes (Zingiber of-
ficinale Roscoe) were purchased from a
local market in Selangor, Malaysia. Au-
thentication was performed based on the
recommendation of Mosihuzzaman and
Choudhary (2008). An expert botanist from
Agriculture Park, Universiti Putra Malay-
sia authenticated the sample as a young
fresh ginger rhizome. A voucher specimen
was identified by the herbarium of Univer-
siti Putra Malaysia, Selangor, Malaysia (H.
Bentong 6030, KLU). The rhizomes were
freeze dried to constant weight prior to use
for animal treatment; the yield of ginger
following freeze-drying was 9.1 g of 100 g
sample. Freeze-dried gingers were milled
into powder in a mechanical grinder
(Retsch SM 200, Rostfrei, Hann, Germany).
Ginger powder suspension was prepared
using distilled water based on the proce-
dures of a previous study (Madkor, Man-
sour & Ramadan, 2011), and the experi-
mental rats were gavaged with filtrated
juice.

Animal groups and treatments

In this study, Sprague-Dawley rats were se-
lected to perform an in vivo study given the
simplicity of tests, physiological similarity
to humans, ethical aspects, easy handling
and lower costs compared to in vitro mod-
els. A total of 48 male adult rats weighing
180-200 g were obtained from Chenur Sup-
plier, Selangor, Malaysia. Rats were accli-
matised to laboratory conditions (25+3°C
temperature, 50-60% humidity, and a 12-
h light-dark cycle) for at least 7 days prior
to commencement of the experiment. Rats
were fed standard laboratory diet and giv-
en tap water. This study was approved by
the Animal Care and Use Committee of the
Faculty of Medicine and Health Sciences,

Universiti Putra Malaysia with the refer-
ence number being UPM/FPSK/PADS/
BR-UUH/00442.

The experimental rats were randomly
divided into 6 groups consisting of eight
rats each:
Group I (NC):  Normal control (ga-
vaged distilled water)
Diabetic control (ga-
vaged distilled water)
Group III (D250): Diabetic (250 mg/kg

b.w. ginger suspension
in distilled water)

Group IV (D500): Diabetic (500 mg/kg b.w.
ginger suspension in dis-
tilled water)

Group V (D750): Diabetic (750 mg/kg b.w.
ginger suspension in dis-

Group II (DC):

tilled water)

Group VI (DG): Diabetic (10 mg/kg b.w
glibenclamide in 15%
DMSO)

Diabetic rats were fasted overnight
and intraperitoneally injected with nico-
ninamide (110 mg/kg b.w. dissolved in
physiological saline), 15 min prior to intra-
peritoneal injection of STZ (65 mg/kg b.w.
dissolved freshly in prepared citrate buf-
fer 0.1 M, pH4.5) (Madkor et al., 2011). To
confirm diabetes induction in rats, glucose
level was checked after 72 h of injection us-
ing Accu-chek strips three times, and those
with fasting blood glucose of 11.1 mmol/L
and higher were considered diabetic and
uniformly included as diabetic rats in this
study(Liang, 2004).

Following 6 weeks of treatment, con-
trol and treated rats were fasted overnight,
blood samples were collected via posteri-
or vena cava for biochemical tests. Blood
samples were collected in tubes containing
EDTA/sodium fluoride and lithium hepa-
rin for estimation of lipid profile and plas-
ma glucose. Cytokines were assessed by
the collection of serums in plain tubes. Ani-
mals were sacrificed by a high dose of chlo-
roform, and spleens were isolated based on
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a standard procedure presented by Millar
et al.(1993). They were transferred to differ-
ent petri dishes in 2 ml of RPMI media.

Biochemical analysis

Body weight of rats was assessed weekly
using digital analytical balance-Scaltec ®
SBA51 weighing scale. Blood glucose was
measured using commercial diagnostic kits
(Randox Laboratories Limited, UK) with
Selectra XL chemical analyser (Vital Scien-
tific, Netherlands) on days 0, 14, 21, 28 and
42 of the treatment, and the results were
expressed as mmol/L. Components of
lipid profiles consisting of total cholesterol
(TC), low-density lipoprotein cholesterol
(LDL-c), high-density lipoprotein choles-
terol (HDL-c) and triglycerides (TG) were
assessed based on the methods of Knight,
Anderson & Rawle (1972), McGowan et al.
(1983), Allain (1974), and Grove et al. (1979)
on the last day of the study. Results were
expressed as mmol/L and mg/L, respec-
tively. Calculation of atherogenic indices
followed that of Madkor et al. (2011):

Atherogenic index (1) = total cholesterol/
HDL-cholesterol,
Atherogenic index (2) = LDL-cholesterol/
HDL-cholesterol.

Interleukin-6 (IL-6), tumor mnecrosis
factor-a(TNF-a) and C-reactive protein
(CRP) were measured by sandwich en-
zyme linked immune-sorbent assay (Sand-
wich ELISA) using the methods of previ-
ous studies (Erhardt et al. 2004; Godoy et at.
1996; Hele et al. 1991).

Immunological tests

To perform proliferation assay, 1x10° sple-
nocytes from each individual rat were
placed in each well of 96-well plates. Cells
were stimulated with two common mito-
gens (PHA and LPS) respectively at two
concentrations (1 and 5 pg/ml) and left
to incubate for 72 h. Cultures were pulsed
with 0.5 puCi of 3H-thymidine at 24 h of in-
cubation and later harvested onto glass fil-
ter mats via a 96-well plate automated cell

harvester (Harvester Mach III M, TOM-
TEC). The filter mat was dried using an
oven (120°C) for 10 min before adding 5 ml
scintillation fluid. The filter mat was then
sealed and fitted into a scintillation cassette
for radioactive measurement using the
luminescent Microbeta counter (Wallac)
(John et al., 2011). Results were expressed
as counts per minute (CPM).

To determine the expression level of
cell surface markers of splenocytes, im-
mune-phenotyping assay was performed
using flow cytometery analysis (Krutzik
et al. 2005). From each rat, a total of 1x10°
cells were assessed for the expressions of
CD25-FITC, CD4-PE, CD3-APC, CD45RA-
FITC, and CD161a-PE. The percentage of
total T, B and NK cells was measured by
a commercially available TBNK cocktail.
LSR Fortessa II flow cytometer was used
to acquire the samples, and the data were
analysed using FACS Diva software. The
relevant isotype antibody controls were
used in parallel with all measurements to
set negative gating(International Confer-
ence on Harmonisation, 2006).

Statistical analysis

Data were analysed by one-way ANOVA
followed by Post Hoc LSD test using SPSS-
20.0 and expressed as the mean values +
S.E.M for 8 rats in each group. The relation-
ship between different variables was first
analysed using Pearson product moment
correlation, and following the identifica-
tion of a relationship, multiple regression
analysis was used to quantify the impact of
measured variables on the dependent tar-
get variable. The values were considered
statistically significant when p<0.05.

RESULTS

Following induction of diabetes (in base-
line tests), there were no significant differ-
ences in metabolic factors and inflamma-
tory cytokines among healthy and diabetic
control rats except for fasting blood glu-
cose. Throughout the experiment, the body
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weight of rats in treatment groups showed
rising trends, but still no significant chang-
es were observed compared with the base-
line test. However, comparing the final
body weight of treatment groups with the
diabetic control group indicated a signifi-
cant decrease in the groups of D500, D750
and glibenclamide (p<0.01). D250 had
higher body weight than the diabetic con-
trol group on day 42 of treatment (p>0.05)
(Table 1). Meanwhile, fasting blood glu-
cose of ginger-treated rats did not signifi-
cantly change compared with the baseline;
however, comparing final fasting blood
glucose of treated rats with the diabetic
control rats showed a significant decline in
D250 (p<0.001), D500 (p<0.05) and gliben-
clamide (p<0.001). Feeding a high dose of
ginger (750 mg/kg b.w) showed no benefit
on elevated fasting blood glucose (Table 1).
Regarding changes in lipid profile, gin-
ger could regulate elevated triglyceride in
D250 (p<0.001), but no significant altera-
tions were found in other groups. Surpris-
ingly, ginger treatment did not have any
positive effect on the levels of HDL-c; rath-
er, it even caused a significant decrease in
D500 (p<0.01). Therefore, administration of
ginger rhizome seems to increase athero-
genic indices dose-dependently. Among
pro-inflammatory cytokine, both ginger
and glibenclamide were powerful inhibi-
tors of elevated level of TNF-o(p<0.05).
Neither ginger nor glibenclamide seems
to have any regulatory effects on levels of
CRP and IL-6 (Table 2).

Proliferation of splenocyte

Results of the proliferation assay are pre-
sented in Figure 1. In an experiment with
1 pg/ml of mitogen, T cells from diabetic
control rats were significantly rejected to
activate in response to both PHA and LPS
when compared with normal rats (p<0.05).
However, PHA stimulation induced a
significant proliferation with 250 and 500
mg/kg b.w. of ginger (p<0.001). Although,
LPS did not induce considerable prolifera-

tion among the test groups, except for a
significant rise at D250 (p<0.001). Admin-
istration of glibenclamide did not signifi-
cantly change lymphocyte proliferation
compared with the diabetic control group
(Figure 1a).

In relation to the stimulation of spleen
cell with 5 pg/ml of mitogens (Figure 1b),
once the level of mitogens increased, dia-
betic rats displayed greater proliferation
to both LPS and PHA resulting in no sig-
nificant differences between normal and
diabetic control rats. Among treatment
groups, only PHA stimulation induced a
significant proliferation in all groups in-
cluding glibenclamide (p<0.001). In this
assay, since all groups were stimulated
by LPS, no significant differences were
observed among the treated groups when
compared with the diabetic control group.

Flow cytometer analysis

The effects of ginger treatment on lym-
phocyte sub-population in diabetic rats
were analysed by flow cytometry and the
results are presented in Table 3. Compar-
ing data from normal and diabetic control
groups did not represent any significant
differences. Nonetheless, ginger in doses
of 500 and 750 mg/kg significantly gov-
erned the percentage of regulatory T cells
(27.3% and 26.2% respectively, p<0.05)
compared with the diabetic control group,
while glibenclamide did not alter the per-
centage of CD4+CD25+ cells. The percent-
age of B cells, presented by the marker of
CD45ra+ , was significantly improved in
the D250 group (p<0.05). Although, B cells
of the other treatment groups increased
compared with the diabetic control group,
the rise was not statistically significant
(p>0.05).

Relationship between different

variables of metabolic indexes

and immunological factors

The relationship of various factors of meta-
bolic indexes and immunological factors
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Figure 1. Assessment of Splenocytes Proliferation using 1 (a) and 5ug/ml (b) PHA and LPS.
Notes: N: normal; D: diabetic; C:control; G: glibenclamide.
Splenocytes were cultured for 48 h using 1pg/ml of PHA and LPS. The results are expressed as means with
their standard errors. * p<0.05, *p<0.01, < p<0.001 were significantly different from the diabetic control group.

Table 3. Flowcytometry analysis of lymphocyte subsets in rats™ splenocytes

NC DC D250 D500 D750 Glibenclamide
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Regulatory T cells
(CD4+CD25+) 477 0.2 618 053 573 076 7.87a 0.62 7.80a 043 556 0.46
Helper T Cell
(CD3+CD4+)

20.14 3.2 2315 1.8 1726 121 2642 233 2870 442 28.64 248
B cell
(CD45r+)

136 1.8 12.82 1.9 30.67° 259 1843 129 16.84 1.6 21.76 1.8
T cell
(CD3+)

50.84 6.9 49.18 4.07 1390 1.14 2025 1.94 1516 1.60 17.74 1.25
Natural killer cell
(CD161%+)

18.62 1.2 208 4.2 2033 292 16.77 246 1684 262 2232 223

Notes: Rats™ splenocytes were isolated and immune-phenotyped to determine the various lymphocyte subsets using
flow cytometry. Values are presented as means with their standard errors. Mean values were significantly different
from the diabetic control group: * p<0.05.
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on day 42 of the study showed that the
fasting blood glucose of the rats had sig-
nificant positive association with level of
CD4+CD25+(r=0.45, p<0.01). The regres-
sion results suggest that approximately
18% of total variation in CD4+CD25+ can
be explained by a change in blood glucose
level. Proliferation of lymphocytes were in-
creased following body weight gain in the
sense of un-stimulation and PHA-stimula-
tion (5 ng/ml); on the other hand, lympho-
cytes with no stimulation and PHA stimu-
lation (1 ng/ml) were inversely correlated
with blood glucose changes (p<0.01).

DISCUSSION

In this study, streptozotocin-nicotinamide
induced diabetic rats were used as an ex-
perimental model of diabetes. As proposed
by Masiello et al. (1998) earlier, this model
is characterised by almost a 40% reduction
in B-cell mass, which resulted in moderate
and stable hyperglycaemia, glucose in-
tolerance, altered but significant glucose-
stimulated insulin secretion and shared
a number of features with human type 2
diabetes mellitus. Injection of nicotinamide
and streptozotocin produced changes in
fasting blood glucose, lipid profile and
imbalances in the immune system. Ginger
supplementation in lower concentrations
improved body weight, fasting blood glu-
cose, LDL-c and triglyceride. Such effects
were accompanied by a reduction in the
level of TNF-a. On the contrary, ginger
supplementation did not change levels of
CRP and IL-6. Furthermore, ginger unde-
sirably decreased levels of HDL-c and ele-
vated levels of atherogenic indices. In rela-
tion to immunological changes, ginger was
capable of enhancing the lost activation of
splenocytes to mitogens which occurred
due to diabetes. Moreover, low concentra-
tion of ginger increased the percentages
of B cells (CD45ra+). The highest intake of
ginger was attributed to increasing levels
of regulatory T cells. Glibenclamide, simi-
lar to low doses of ginger, regulated TNF-

o and improved lipid profile, but showed
no significant alteration in immunological
tests. Rather, it led to an enhancement of
splenocytes proliferation in response to
high concentrations of PHA. Overall, the
immunological effects of glibenclamide
have not been fully addressed in previous
studies, necessitating more research on the
effects of this common anti-diabetic drug
on the immune system.

The results of changes in the body
weight were related to the food intake of
the experimental rats. In the current work,
ginger-treated groups consumed less pel-
lets than the diabetic control group which
represented an enhancement of the sati-
ety feeling of ginger rhizome (Mansour
et al., 2012). The dry ginger is believed to
increase thermogenic effects of food, an
effective factor in weight management (EI-
dershaw et al., 1992). Regulatory effects of
lower concentrations of ginger in fasting
blood glucose are consistent with previ-
ous studies (Abdulrazaq et al. 2012 in ref
list; Al-Amin et al., 2006; Madkor et al. 2011;
Nirmala ef al., 2012). But, for the first time,
the current study did not find ginger to be
efficient at a high dose of 750 mg/kg. In this
regard, previous studies on toxicity effects
of ginger reveal that the toxic effect of gin-
ger only appeared at high doses (2000 mg/
kg and above) with signs of mortalities and
abnormalities under general conditions
(Rong et al., 2009). The ineffectiveness of
high concentrations of ginger may relate to
the presence of aldose reductase inhibitors
in its volatile part (Giannoukakis, 2006)
rather than its toxic effect. A subsequent
test on the triglyceride level similarly in-
dicated the benefit of ginger at the lowest
dose. The data on lipid profile revealed no
benefits of ginger consumption on HDL-c
that is consistent with the findings of Mad-
kor et al.(2011). Hence, the alteration of ath-
erogenic indexes is mostly relevant to the
decrease in HDL-c among treated groups.
Earlier work demonstrated the anti-inflam-
matory effect of ginger by the presence of
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6-gingerol and 6-shogaol (Ojewole, 2006);
likewise, this study also indicated the abil-
ity of ginger to modulate elevated levels
of TNF-a. Reportedly, 6-gingerol inhibits
COX-2 expression and acts by blocking the
activation of p38 MAPK and NF-xB (Kim
et al., 2005); meanwhile, 6-shogaol inhibits
the TNFa-mediated down-regulation of
adiponectin expression via PPARy trans-
activation (Isa et al., 2008).

Oral administration of ginger was ca-
pable of promoting reduced lymphocyte
proliferation due to diabetes. Markedly,
ginger showed the best enhancement effect
in the lower doses of supplementation even
in low concentrations of mitogen. Previous-
ly, Zhou, Deng & Xie (2006) investigated
the effects of the volatile oil of ginger and
showed it inhibited T lymphocyte prolifer-
ation (p<0.01) and decreased the number of
total T lymphocytes in mice. The inconsis-
tency of the findings of the two studies can
be explained by the lack of any gingerol and
shogaol compounds in the oil of ginger. As
mentioned earlier, ginger at high doses of
intake suppresses immune responses via
increasing levels of CD4+CD25+ regula-
tory T cell, and the correlation test from
our results suggest a suppressing capacity
of CD4+CD25+regulatory T cells on B cell
activation. The involved mechanism and
probably B cell death following increasing
CD4+CD25+ regulatory T cell are mediat-
ed by a granzyme-dependent and partially
perforin-dependent pathway(Zhao et al.,
2006). Perforin/granzyme-induced apop-
tosis is the main pathway used by cytotoxic
lymphocytes to eliminate virus-infected or
transformed cells (Trapani & Smyth 2002).
The benefits of a low dose of ginger were
clearly evident in B cell changes; level of
CD45ra+ increased by 58% with 250 mg/
kg of ginger.

CONCLUSION

Overall, the results presented here show
that oral administration of low concentra-
tions of crude extract of ginger possess sig-

nificant hypoglycemic effects. It could ef-
fectively modulate induced inflammation,
and had the ability to enhance immune
response by improving the level of B cells
and not increasing regulatory T cells. The
immunological effects of ginger rhizome
and efficiency of a low dosage of ginger in
this study serve as a promising guideline
on the treatment of diabetes and its asso-
ciated complications. However, further
studies may be needed to determine the
cut-off dosage point for ginger efficacy in
hyperglycemia and related immunologic
conditions.
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