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In the present study, the hypoglycaemic potentials of ginger (Zingiber officinale) were studied in rats. An aqueous extract of raw ginger was administered daily (500 mg/kg, intraperitoneally) for a period of 7 weeks to streptozotocin (STZ)-induced diabetic rats. Fasting blood serum was analysed for blood glucose, cholesterol and triacylglycerol levels. The STZ-injected rats exhibited hyperglycaemia accompanied with weight loss,
indicating their diabetic condition. At a dose of 500 mg/kg, raw ginger was significantly effective in lowering serum glucose, cholesterol and triacylglycerol levels in the ginger-treated diabetic rats compared with the control diabetic rats. The ginger treatment also resulted in a significant
reduction in urine protein levels. In addition, the ginger-treated diabetic rats sustained their initial weights during the treatment period. Moreover,
ginger decreased both water intake and urine output in the STZ-induced diabetic rats. The present results indicate that raw ginger possesses hypoglycaemic, hypocholesterolaemic and hypolipidaemic potential. Additionally, raw ginger is effective in reversing the diabetic proteinuria observed
in the diabetic rats. Thus, ginger may be of great value in managing the effects of diabetic complications in human subjects.
Anti-diabetic properties: Diabetes: Ginger: Hypoglycaemic properties: Hypolipidaemic properties: Proteinuria

Before the discovery of insulin in the 1920s and the development of oral hypoglycaemic agents, diabetes mellitus was
treated mainly by a combination of fasting, diet control and
plant therapeutics (Bailey & Flatt, 1990). The efficacy of
plants in diabetes required confirmation and, therefore, the
WHO (World Health Organization, 1980) recommended
assessment of traditional plant treatments for diabetes mellitus. Currently, several hundred plants have been reported to
have beneficial effects in the treatment of diabetes (Bailey
& Day, 1989; Swanston-Flatt et al. 1991; Gray & Flatt,
1997, 1999; Hill & Peters, 2002; Kar et al. 2003; Srinvasan,
2005).
Ginger (Zingiber officinale) is a perennial plant with
narrow, bright green, grass-like leaves and yellowish green
flowers with purple markings. Ginger is cultivated in the tropics for its edible rhizome at approximately 10 months of age,
with the root stocks serving a variety of purposes, including
culinary and medicinal (Grant, 2000; Ursell, 2000; Portnoi
et al. 2003). The efficacy of ginger is purported to be a
result of its aromatic, carminative and absorbent properties
(Govindarajan, 1982a,b).
Ginger is a widely used spice and functional food. For
centuries ginger has been an important ingredient in Chinese,
Ayurvedic and Tibb-Unani herbal medicine. The medicinal
properties attributed to ginger include anti-arthritic
(Srivastava & Mustafa, 1989, 1992; Bliddal et al. 2000),
anti-migraine (Mustafa & Srivastava, 1990; Cady et al.
2005), anti-thrombotic (Bordia et al. 1997; Thomson et al.

2002), anti-inflammatory (Thomson et al. 2002, Penna et al.
2003), hypolipidaemic (Bordia et al. 1997; Thomson et al.
2002; Bhandari et al. 2005), hypocholesterolaemic (Furhman
et al. 2000; Bhandari et al. 2005) and anti-nausea properties
(Ernst & Pittler, 2000; Portnoi et al. 2003).
Ginger is known to contain a number of potentially bioactive substances, mainly gingerols and their related dehydration products, the shogaols, as well as volatile oils
including sesquiterpenes, such as b-bisabolene and (-)-zingiberene, and monoterpenes, mainly geranial and neral (Chevallier, 1996; Ursell, 2000; McKenna et al. 2002). In particular,
gingerols have been shown to inhibit both prostaglandin and
leukotriene biosynthesis (Kiuchi et al. 1992) and angiogenesis
(Kim et al. 2005). In addition, several ginger components
exhibit serotonin receptor-blocking activity (Huang et al.
1991; Abdel-Aziz et al. 2005).
A few isolated studies about the hypoglycaemic properties
of ginger in animals have reported variable results. Sharma
& Shukla (1977) reported a small but significant blood glucose-lowering effect of ginger juice in diabetic and non-diabetic animals. Akhani et al. (2004) also observed that ginger
juice exhibits hypoglycaemic activity in both normal and
streptozotocin (STZ)-induced diabetic rats. Mascolo et al.
(1989) reported a significant hypoglycaemic activity in
normal rabbits at different times after a variety of administration schedules and doses. Weidner & Sigwart (2000)
reported that an ethanolic extract of ginger had no effect on
blood glucose levels in normal rats. In addition, Singhal &
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Joshi (1983) reported an elevation of blood sugar in normal
rats given a dietary dose of 30 % ginger powder. The variability of the results in these studies may be due to the use of
different ginger preparations.
The aim of the present study was to investigate the efficacy
of an aqueous extract of raw ginger in controlling serum sugar,
cholesterol and triacylglycerol levels in STZ-induced diabetic
rats treated daily intraperitoneally (IP) for a period of 7 weeks.
Since there have been variable reports about the use of different preparations of ginger, aqueous extracts of raw ginger
were used in the present study. The mode of administration
was chosen to be IP since we have previously reported similar
effects with IP and per-oral administration of ginger in normal
rats (Thomson et al. 2002) and IP administration was judged
to be less stressful for the animals. In addition, the chosen
dosage of 500 mg raw ginger extract/kg body weight was previously found to be effective and non-toxic in rats while a
dosage of 50 mg/kg gave variable results (Thomson et al.
2002; Alnaqeeb et al. 2003).
Materials and methods
Extract preparation
Aqueous ginger extract was prepared from locally available
ginger roots. The ginger roots were peeled on crushed ice,
and 50 g ginger were cut into small pieces and homogenised
in 75 ml cold, sterile 0·9 % NaCl in the presence of some
crushed ice. The homogenisation was carried out in a blender
at high speed using 2 min bursts for a total of 12 min. The
homogenised mixture was filtered three times through cheesecloth (very little material was retained on the cheesecloth).
The filtrate was centrifuged at 2000 relative centrifugal
force for 10 min and the clear supernatant fraction was made
up to 100 ml with normal saline. The concentration of this
ginger preparation was considered to be 500 mg/ml on the
basis of the weight of the starting material (50 g/100 ml).
The aqueous extract of ginger root was stored in small
samples at 2 208C until use. The stability of the preparation
during storage has been previously established in platelet
aggregation studies (M.Ali, unpublished results).
Treatment of diabetic rats
Male Sprague–Dawley rats weighing 250–280 g (parents purchased from B and K Universal Co., Hull, UK) and maintained on a normal diet and filtered tap water ad libitum
were used in the experiment. For baseline data, blood was
drawn from all animals by cardiac puncture under ether anaesthesia and allowed to clot. Immediately, the clotted blood was
centrifuged at 3500 rpm for 30 min. The serum was separated
and stored at 2 808C for later analysis.
The animals were randomly divided into a normal group
(eight rats) and an STZ-treated group (initially forty rats).
The STZ-treated rats were injected with 60 mg steptozotocin/kg body weight IP in a volume of 0·5 ml saline according
to the method of Axler (1982). After a period of 3 d, blood was
drawn from the STZ-treated animals and serum was prepared
and stored for later analysis as described earlier. Serum glucose levels were determined immediately and the STZ-treated
rats determined to be diabetic due to a high serum glucose
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level (. 3500 mg/l) were randomly divided into two groups
containing eight animals each: group 1, the control diabetic
group, was injected IP daily with saline for the treatment
period; group 2, the ginger-treated group, was injected IP
daily with 500 mg ginger extract/kg body weight. After
periods of 2, 5 and 7 weeks, blood was drawn from the rats
by cardiac puncture, and serum was prepared and stored for
later analysis as described earlier.
Rats were weighed before the start of the experiment and
then weekly during the experimental period. Animals were
monitored for general health during the treatment period.
Water intake over 24 h and 24 h urine output were measured
daily in each treatment group before STZ administration and
at 2, 5 and 7 weeks by housing the animals in metabolism
cages and collecting the urine. Urine samples were stored at
2808C for protein determination.
At the end of the experiment, the rats were killed under
sodium pentobarbitone anaesthesia according to the guidelines
for euthanasia in the Guide for the Care and Use of Laboratory Animals (National Research Council, 1996).
Assays
Serum glucose, cholesterol and triacylglycerol levels were
determined spectrophotometrically using kits supplied by
CARO Co. (Hamburg, Germany). Urine protein was determined by the Coomassie Blue dye-binding method of Bradford (1976).
Statistical analysis
The data are expressed as mean values with their standard
errors. Readings of the three different groups were compared
using one-way ANOVA analysis and readings between two
different groups were compared using the independent
sample test. Statistical analysis was performed using SPSS
(version 13; SPSS Inc., Chicago, IL, USA). A level for
P, 0·05 was considered to be significant.
Results
The effect of ginger on serum glucose, cholesterol and triacylglycerol levels was determined by comparison of normal, control diabetic, and ginger-treated diabetic rats. Serum glucose,
cholesterol and triacylglycerols were measured before and
during ginger treatment as shown in Figs. 1 to 3.
It is clear from the data in Fig. 1 that the serum glucose
levels of the control diabetic animals continued to increase
during the 7 weeks of the experiment compared with the
post-STZ injection level. In contrast, the ginger-treated diabetic rats exhibited significantly reduced glucose levels
during the treatment period when compared with the control
diabetic rats. After 7 weeks of treatment with ginger extract,
the serum glucose levels of the ginger-treated diabetic rats
were significantly reduced (52 % reduction; P, 0·05) in comparison with the control diabetic rats.
Fig. 2 shows that 1 week after STZ injection, the serum
cholesterol level of control diabetic rats increased significantly
above the normal level. After treatment, the serum cholesterol
levels of ginger-treated diabetic rats significantly decreased
(44 % reduction) in comparison with control diabetic rats.
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Fig. 1. Serum glucose levels in streptozotocin (STZ)-induced diabetic rats treated with aqueous extract of ginger. Glucose levels were measured in serum of normal rats (averaged over the experimental period; –V –), STZ-induced diabetic rats (control diabetic rats; A) and ginger-treated STZ-induced diabetic rats ( ).
Analysis was done post-STZ injection, and after 2, 5 and 7 weeks of treatment. Values are means, with their standard errors represented by vertical bars. * Mean
value was significantly increased compared with saline control (P, 0·05). † Mean value was significantly decreased compared with control diabetic rats (P, 0·05).
‡ Mean value was significantly decreased compared with ginger-treated diabetic rats after STZ injection (P, 0·05). § Mean value was significantly increased compared with post-STZ injection (P, 0·05).

Blood cholesterol (mg/l)

The blood cholesterol reduction elicited by raw ginger was
sustained throughout the course of treatment. Similarly,
Fig. 3 shows a significant reduction in serum triacylglycerol
levels during the 7 weeks of treatment (41 % reduction). In
contrast, the serum cholesterol and triacylglycerol levels
remained elevated in the control diabetic group throughout
the experimental period.
The normal rats gained weight significantly during the
experimental period, while in comparison the control diabetic
animals showed a significant decrease in body weight compared with the normal rats (Fig. 4). In contrast, the ginger-treated diabetic rats exhibited a levelling of their weights during
the treatment period; that is, these animals initially lost
weight but their weights stabilised after 2 weeks of ginger
treatment and remained approximately the same (about 90 %
of the starting weight) during the last 5 weeks of treatment.
In contrast, the control diabetic rats decreased their weights
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significantly in comparison with both the normal rats and
the ginger-treated diabetic rats at week 7 of the experimental
period.
Urine protein levels of ginger-treated rats were significantly
reduced compared with control diabetic animals (Fig. 5). At 1
week after STZ injection, there was an increase in the urine
protein level compared with the normal level (almost doubled;
P, 0·05) and the urine protein levels remained elevated in the
control diabetic rats during the 7 weeks of the present study.
However, during the ginger treatment, the urine protein level
decreased significantly in comparison with the control diabetic
level, such that after 2, 5 and 7 weeks of ginger treatment, a
remarkable decrease (39, 60 and 60 % decrease, respectively)
in urine protein level was observed (P, 0·05). It is noteworthy
that after 5 and 7 weeks of ginger treatment, the urine protein
levels of the ginger-treated diabetic rats were approximately
equal to the level in the normal rats.
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Fig. 2. Serum cholesterol levels in streptozotocin (STZ)-induced diabetic rats treated with aqueous extracts of ginger. Cholesterol levels were measured in serum of
normal rats (averaged over the experimental period; –V –), STZ-induced diabetic rats (control diabetic rats; A) and ginger-treated STZ-induced diabetic rats ( ).
Analysis was done post-STZ injection, and after 2, 5 and 7 weeks of treatment. Values are means, with their standard errors represented by vertical bars. * Mean
value was significantly increased compared with normal (P, 0·05). † Mean value was significantly decreased compared with diabetic control rats (P, 0·05).
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Fig. 3. Serum triacylglycerol levels in streptozotocin (STZ)-induced diabetic rats treated with aqueous extracts of ginger. Triacylglycerol levels were measured in
serum of normal rats (averaged over the experimental period; – V–), STZ-induced diabetic rats (control diabetic rats; A) and ginger-treated STZ-induced diabetic
rats ( ). Analysis was done post-STZ injection, and after 2, 5 and 7 weeks of treatment. Values are means, with their standard errors represented by vertical
bars. * Mean value was significantly increased compared with saline control (P, 0·05). † Mean value was significantly decreased compared with diabetic control
rats (P, 0·05).

In the analysis of the data on urine output, it was found that
the effect of ginger on diabetic rats was to significantly
decrease their urine output during the treatment period
(Fig. 6). In addition, the ginger-treated diabetic animals significantly decreased their water intake compared with the control diabetic rats, such that at weeks 5 and 7 of ginger
treatment, water intake was significantly decreased compared
with the post-STZ level (Fig. 7). However, both the urine
output and water intake levels remained several-fold higher
than normal levels in the ginger-treated diabetic rats.
Discussion
Diabetes mellitus is a chronic disorder caused by partial or
complete insulin deficiency which produces inadequate
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Fig. 4. Weights of normal and streptozotocin (STZ)-induced diabetic rats over
the ginger treatment period. Weights were measured in normal rats (-†-),
STZ-induced diabetic rats (control diabetic rats; -V-) and ginger-treated STZinduced diabetic rats (—). The animals were weighed before STZ injection
(pre-STZ), 1 week after STZ injection (post-STZ), and then weekly during the
treatment period of 7 weeks. Weights are plotted as percentiles with the
starting weights all standardised to 100 %. Values are means, with their standard errors represented by vertical bars. * Mean value was significantly
decreased compared with normal at week 7 (P, 0·05). † Mean value was
significantly different between control diabetic and ginger-treated diabetic
rats (P, 0·05).

blood glucose control and leads to acute and chronic complications (White & Baxter, 1994). Overt symptoms of diabetes
mellitus include hyperglycaemia, increased water intake and
polyuria (White & Baxter, 1994). Chronic complications can
involve the kidneys (nephropathy), eyes, nervous system and
cardiovascular system (Koda-Kimble & Carlisle, 1995). In
fact, diabetes is the number one cause of chronic kidney disease in the USA (Chua & Bakris, 2004)
Diabetic nephropathy occurs when proteins deposit in the
glomerulus (Clark & Lee, 1995). Thickening of the glomerular
capillary basement membrane narrows the lumen of the capillaries impeding blood flow and subsequently reducing the filtering surface of the glomerulus (Koda-Kimble & Carlisle,
1995). The principal indicator of diabetic nephropathy is proteinuria (Nathan, 1993).
Therefore, the present study was undertaken to evaluate the
anti-diabetic properties of an aqueous extract of ginger in
STZ-induced diabetic rats. STZ diabetic rats showed significant increase in serum glucose, cholesterol and triacylglycerol
levels. The present results clearly show that an aqueous extract
of raw ginger effectively lowers serum glucose, cholesterol
and triacylglycerol levels in diabetic rats. However, it should
be noted that serum glucose levels in ginger-treated diabetic
rats did not reach normal levels at the dosage used in the present study. A similar result was reported by Akhani et al.
(2004) in their study on the effects of ginger juice in STZinduced diabetic rats.
In addition, the present results also demonstrate that the raw
ginger extract completely eliminated the proteinura that is
caused by diabetic nephropathy (Fig. 5). The decrease in protein in the urine of raw ginger-treated diabetic rats was
accompanied by a decrease in the water intake and urine
output by the diabetic rats. Thus, the present results suggest
that treatment with ginger helped to alleviate the nephropathy
resulting from STZ-induction of diabetes. However, these
water intake results are in contrast to the study of Akhani
et al. (2004) that reported no change in diabetic polydypsia
in STZ-induced diabetic rats treated with ginger.
Previous studies of the hypoglycaemic properties of ginger
in human subjects and animals have produced variable results.
The administration of an ethanolic extract of ginger (100 or
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Fig. 5. Urine protein levels in streptozotocin (STZ)-induced diabetic rats treated with aqueous extracts of ginger. Protein levels were measured in urine of normal
rats (averaged over the experimental period; – V–), STZ-induced diabetic rats (control diabetic rats; A) and ginger-treated STZ-induced diabetic rats ( ). Analysis
was done post-STZ injection, and after 2, 5 and 7 weeks of treatment. Values are means, with their standard errors represented by vertical bars. * Mean value
was significantly increased compared with normal (P, 0·005). † Mean value was significantly decreased compared with control diabetic rats (P, 0·05).

300 mg/kg) to normal rabbits showed potential hypoglycaemic
activity (51 % decrease in serum glucose) 2 h after administration (Mascolo et al. 1989). In contrast, in another study,
non-diabetic patients with coronary artery disease showed no
decrease in their blood lipid or sugar levels when treated
with a daily dose of 4 g powdered ginger for a period of 3
months (Bordia et al. 1997). Akhani et al. (2004) have
reported that ginger juice exhibits hypoglycaemic activity in
both normal and STZ-induced diabetic rats. Clearly, the
results in the present study confirm the observations of
Akhani et al. (2004) pertaining to glucose control. No previous studies have reported changes in kidney function as a
result of ginger administration.
The major pungent component of ginger is gingerol, a mixture of homologues with 10, 12 and 14 carbons in the side
chain designated (6)- (8)- and (10)-gingerols (Mustafa et al.
1994). Gingerols can be converted to shogoals and zingerone

by dehydration and retro-aldol reaction, respectively. Zingerone and shogaol are found in small amounts in fresh ginger
(Govindarajan, 1982a,b). These ginger components have
been shown to have a variety of pharmacological effects,
including anti-inflammatory, anti-emetic, cardiotonic and gastroprotective properties (Mustafa et al. 1994).
Several reports have detailed serotonin receptor-blocking
activity of ginger and its components (Huang et al. 1991;
Akhani et al. 2004; Abdel-Aziz et al. 2005). Since 5-hydroxytryptamine has been reported to induce hyperglycaemia in rats
(Yamada et al. 1999), Akhani et al. (2004) investigated the
effect of ginger juice on serotonin-induced hyperglycaemia
and hypoinsulinaemia in normoglycaemic rats and reported
that ginger juice inhibited this inductive effect. In addition,
Akhani et al. (2004) reported that ginger juice partially
alleviated the hypoinsulinaemia observed in STZinduced diabetic rats.
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Fig. 6. Urine output in streptozotocin (STZ)-induced diabetic rats treated with aqueous extracts of ginger. Urine output was measured in rats post-STZ injection,
and after 2, 5 and 7 weeks of ginger treatment of STZ-induced diabetic rats ( ). Normal urine output levels were averaged over the experimental period (– V– ).
Urine output levels in control diabetic rats were averaged over the experimental period (A). Values are means, with their standard errors represented by vertical
bars. * Mean value was significantly increased compared with normal (P, 0·05). † Mean value was significantly decreased compared with control diabetic rats
(P, 0·05).
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Fig. 7. Water intake in streptozotocin (STZ)-induced diabetic rats treated with aqueous extracts of ginger. Water intake was measured in rats post-STZ injection
and after 2, 5 and 7 weeks of ginger treatment of STZ-induced diabetic rats ( ). Normal water intake levels were averaged over the experimental period ( –V– ).
Water intake levels in control diabetic rats were averaged over the experimental period (A). Values are means, with their standard errors represented by vertical
bars. * Mean value was significantly increased compared with normal (P, 0·05). † Mean value was significantly decreased compared with control diabetic rats
(P, 0·05). ‡ Mean value was significantly decreased compared with post-STZ level (P, 0·05).

There have been no reports on the effects of any of the
known ginger components on hyperglycaemia. Therefore,
further work should be undertaken to evaluate the potential
anti-diabetic properties of pure ginger components and possibly determine the mechanism of these anti-diabetic effects
of ginger, in particular the renal effects.
In the present study, using a diabetic rat model, we have
shown that an aqueous extract of raw ginger has potential hypoglycaemic properties. This hypoglycaemic action of ginger may
be due to effects involving serotonin receptors, an increase in
pancreatic secretion of insulin from b cells or release of bound
insulin. Further work is needed to investigate how ginger
lowers glucose levels in diabetic rats. In addition, the results
also demonstrate that raw ginger can potentially reverse the
nephropathy in STZ-induced diabetic rats. Since urinary albumin levels are a selective marker of glomerular injury and elevated levels of urinary albumin are a harbinger of progressive
nephropathy (Viberti et al. 1982), future studies should focus
on the effects of ginger administration on urinary albumin
levels. It should be noted that we have previously reported that
the doses of ginger used in the present study are not toxic in
rats (Alnaqeeb et al. 2003). Therefore, it can be concluded
from these studies that raw ginger has significant potential in
the treatment of diabetes. Further study is underway to investigate the active component(s) of ginger responsible for the
observed beneficial effects in the diabetic condition.
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