Elkhishin & Awwad

109

A STUDY OF THE CARDIOVASCULAR TOXIC EFFECTS OF ZINGIBER
OFFICINALE (GINGER) IN ADULT MALE ALBINO RATS
AND ITS POSSIBLE MECHANISMS OF ACTION

BY
Iman A. Elkhishin and Ibrahim A. Awwad*
Departments of Forensic Medicine and Clinical Toxicology, Pharmacology*,
Faculty of Medicine, Zagazig University

ABSTRACT
Ginger is a world known food plant which is equally reputed for its medicinal properties. The aim of
the work is to study the acute and subacute cardiovascular toxicity of ginger in adult male albino rats and
its possible mechanisms of action. The in- vivo studies included eighty four adult male albino rats for the
acute and subacute toxicity experiments. The rats were divided into 7 groups each one consisted of 12
rats. All rats received ginger orally in saline. Each of the in- vivo studies included 2 control groups, the
negative and positive control rats. In the acute toxicity study, rats received ginger in a single dose of
2500 mg/ kg. In the subacute toxicity study group VI and VII received ginger in a daily dose of 50 mg/ kg
and 500 mg/ kg respectively for 28 days. After 24 hours of the acute toxicity and 28 days of the subacute
experiments six rats of each group were used for blood pressure and heart rate recording. The other 6
rats were used for histopathological study of the cardiac tissue. The in- vitro experiments included 6 rabbits each weighing 1.5- 2 kg. Ginger (5mg/ml) was incubated with the aortic spiral strip of each rabbit to
investigate the possible mechanisms of action of Ginger. It was concluded that; single dose of 2500 mg/
kg ginger can be a toxic by causing severe hypotension and bradycardia with induction of prenecrotic
changes in cardiac tissue. The administration of ginger in a dose of 50 mg/ kg for 28 days produced bradycaria with waviness in cardiac muscle fibers. Ginger in a dose of 500 mg/ kg produced both hypotension
and bradycardia with degenerative changes in cardiac myocyte tissue. The hypotensive and bradycardic
effects of ginger may be partially due to induction of vasodilatation by increasing nitric oxide release or
synthesis and partially due to a calcium channel blocking effect. Also, a cholino-mimetic effect could be
contributed in the cardiovascular effects of ginger. While the In-vitro results revealed that ginger is a
partial vasorelaxant as it produced a relaxant effect on rabbit's aortic strip procontracted with phenylephrine, while preincubation with L-nitroarginine methyl ester (L-NAME) significantly attenuated the
ginger-induced relaxation indicating that the vasodilator effect of ginger is partially mediated through nitric oxide synthesis or release from L-NAME.
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INTRODUCTlON
In recent years, there has been a substantial increase in the use of the so-called
complementary and alternative therapies
including herbs. Regarding the use of
herbs for health purposes, patients and
physicians usually lack accurate information about safety and efficacy of herbal
remedies (Bean, 2002). Ginger (rhizome of
Zingiber officinale) has been widely used
for centuries in gastrointestinal disorders,
particularly dyspepsia. Its calcium antagonist effect may explain its use in hyperactive states of gut- like colic and diarrhea
(Ghayur and Gilani, 2005a). Ginger can be
consumed as a fresh or dried root and is
often prepared in teas, soft drinks (including ales), and breads. No specific dosing
studies have been performed; however,
most clinical research has used between
250 mg and 1 g of the powdered root in
capsular form, taken one to four times daily. For pregnancy-induced nausea and
vomiting, most research studies used 250
mg four times daily. (Borrelli et al., 2005).
Ginger might be useful as a potential antitumour agent (Ahmed et al., 2000). Raw
ginger possesses hypoglycaemic, hypocholesterolaemic and hypolipidaemic potential. Additionally, it is effective in reversing the diabetic proteinuria observed
in the diabetic rats (Al-Amin et al., 2006).
Many therapeutic indications in toxicology were reported for ginger in experimental animals and humans. It attenuated
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malathion induced lipid peroxidation and
oxidative stress in rats (Padma et al.,
2007). Oil from the rhizome of Zingiber officinale could be useful in preventing
chemically induced acute liver injury of
carbon tetrachloride (CCl4)) and acetaminophen-induced liver toxicities in rats (Yemitan and Izegbu, 2006). Ginger extract
and its constituent's gingerol, shogaol and
zingerone were tested for their effect on
salmonella typhimurium strains. Gingerol
and shogaol were mutagenic while ginger
and zingerone were not mutagenic (Nagahushan et al., 1987). In- utero exposure to
ginger tea results in increased early embryo loss with increased growth in surviving fetuses (Wilkinson, 2000). Others
concluded that when ginger was administered to pregnant rats during the period of
organogenesis, it caused neither maternal
nor developmental toxicity at daily doses
of up to 1000 mg/kg body weight (Weinder and Sigwart, 2001). Drug interaction
has been reported with ginger as it significantly decreased the oral bioavailability of
cyclosporine and this interaction occurred
at the absorption phase (Chiang et al.,
2006). The aim of this work is to study the
acute and subacute cardiovascular toxicity
of Zingebar officinale (ginger) in adult
male albino rats and the possible mechanisms of action.
MATERIAL AND METHODS
Drugs:
Ginger powder of dried roots of ZingiVol. XVII, No. 2, July 2009
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ber officinale (Mepaco Co., Egypt), urethane (ethyl carbamate) crystals (Prolabo,
Paris), L- nitro- arginine methyl ester hydrochloride (L-NAME), phenylephrine,
calcium chloride, potassium chloride (Sigma Co USA).
Animals
Eighty four adult male albino rats, each
weighing 180 - 200 gm. They were raised
under strict measures in cages made of
galvanized zinc plates and fed on basal
food containing all rat's requirements
(NRC, 1996), and 6 rabbits each weighing
1.5- 2kg. Both animals were obtained
from the Unite of Laboratory Animals,
Faculty of Veterinary Medicine, Zagazig
University.
In- vivo experiments :
The rats were classified into 7 groups
each consisted of 12 rats:
Acute toxicity experiment groups I, II
and III:
Group I: received ordinary food and
water only, used as a negative control
group.
Group II: received 2 ml saline (the vehicle of ginger), used as a positive control.
Group III: received 5 folds the high
dose i. e., 2500 mg/ kg (Thomson et al.,
2002).
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Subacute toxicity experiment groups
IV, V, VI and VII:
The subacute toxicity experiment extended for 28 days (Durham et al., 1982;
Shingatgeri et al., 2002).
Group IV: received ordinary food and
water only, used as a negative control
group.
Group V: received 1 ml saline daily
orally used as a positive control.
Group VI: received a low dose of ginger 50 mg/ kg daily orally in 1 ml of saline
(Thomson et al., 2002).
Group VII: received a high dose of ginger 500 mg/ kg daily orally in 1 ml of saline (Thomson et al., 2002).
Parameters measured :
Acute toxicity study:
After 24 hours of induction of ginger
toxicity 6 rats of each of the control groups
as well as of acutely ginger intoxicated
group were subjected to blood pressure
and ECG recording according to the method of (Burden et al., 1979). In this method
the rats were anaesthetized by i. p. injection of urethane (1.39 mg/kg) given as
25% freshly prepared solution (Ghosh,
1971). Arterial blood pressure was measured via an arterial cannula introduced
into one carotid artery and connected to
pressure transducer "PT 400" that was attached to FC 137 strain gauge coupler of
oscillograph 400 MD 4 C (Palmer Bioscience). Lead II ECG was recorded by using
an ECG limb cable that was attached to FC
Vol. XVII, No. 2, July 2009
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123 strain gauge of oscillograph. HR/ min
was calculated by counting the number of
heart cycle (n) per fixed distance of chart
paper (e. g. 5 cm) with speed of 50 mm/
sec then multiply it by 300/ 5 (Gay, 1965).
The other 6 rats were sacrificed and samples from the heart were taken for histopathological study (Horobin and Bancroft,
1998).
Subacute toxicity study:
After 28 days, 6 rats of each of the negative and positive control groups as well as
of low and high therapeutic doses ginger
treatment groups were subjected to blood
pressure and heart rate recording as previously mentioned in the acute toxicity
study. The other 6 rats were sacrificed and
samples from the heart were taken for histopathological study (Horobin and Bancroft, 1998).
In-vitro experiments
Isolated rabbit's aortic spiral strips:
Rabbits were sacrificed by cutting the
throat. The thoracic aorta was dissected
from the surrounding tissues and cut spirally to produce a continuous strip. A strip
of 3 cm length was connected by a thread
from below to a fine glass tube through
which pure oxygen is passed and from
above to a side way writing lever which
recorded the contractions of the aortic
strip on slowly moving smoked drum
(Furchgott, 1960). The tissue was bathed in
Kreb's solution with the following compoMansoura J. Forensic Med. Clin. Toxicol.
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sition (mM: Nacl 119, Kcl 4.7, Cacl2 2.5,
MgSO4 1.2, NaHCO3 25, KH2PO2 1.2, glucose 5.5) maintained at 37oC. The preparation was allowed to stabilize for one hour
before beginning the study. The aortic
strips were pro- contracted with phenylephrine at a concentration of 10 µg/ ml
and when the contraction reached its maximal level (plateau), ginger was added at a
concentration of 5 mg/ ml and its relaxant
effect was recorded (Ghosh, 1971). The
ginger- induced relaxation (after phenylephrine- induced contraction) was assessed in absence and presence of nitric
oxide (NO) synthase inhibitor (L- nitro- arginine methyl ester- L-NAME) at a concentration of 100 µM (Colas et al., 2000).
A separate series of experiments
were conducted to test the possible Cachannel blocking effect of ginger. After
equilibrium with normal Kreb's solution,
the aortic strip was incubated for 30 minutes in high K+ (60 mM) (for induction of
de polarization), Ca2+ free medium, then
the contractile response to Cacl2 (1mM)
was recorded for 15 minutes in absence
and presence of ginger (5 mg/ml) incubated for 30 minutes (Colas et al., 2000).
The collected data of systolic and diastolic blood pressures, heart rate and the
results of the in- vitro study were subjected to statistical analysis using the paired- t
test of the SPSS statistical package (version
17) (Sheridan, 2009).
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RESULTS
Acute toxicity study:
Blood pressure and heart rate
There were no significant difference between the positive and negative control
groups, (P> 0.05) (table 1) (figure 3), so the
negative control was used for comparison
with ginger treated group.
There were significant difference between the ginger treated group and the
negative control group regarding arterial
blood pressure and heart rate (P< 0.0001)
(table 1) (figure 3).
Histopathological results
Transverse sections of the left ventricle
of the heart of the control rats showed
acidophilic cytoplasm and centrally located nuclei with capillaries in between.
Transverse section of the left ventricle of
ginger treated rats in a single dose of 2500
mg/ kg body weight showed hyaline
changes in some areas of cardiac myocytes
with other areas showed faint dissolved
nucleus of a prenecrotic stage (figure 1).
Subacute toxicity study :
It was noticed that ginger administration was not associated with any
mortalities and abnormalities in general
conditions, behavior, growth, and food
and water consumption except for that
the rats were calmer than their control
rats.
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Blood pressure and heart rate
There were no significant differences
between the positive and negative control
groups regarding blood pressure and
heart rate (P> 0.05) (table 2) (figure 3), so
the negative control was used for comparison with ginger treated groups.
Comparison between the negative control group and group VI (received low
dose of ginger 50 mg/ kg) revealed no significant difference regarding systolic and
diastolic blood pressures (P>0.05) and significant difference regarding the heart rate
(P< 0.01) (table 2), (figure 3).
Comparison between the negative control group and group VII (received high
dose of ginger 500 mg/ kg) revealed significant difference between the two
groups regarding all the measured parameters (P <0.01- 0.0001) (table 2), (figure 3).
Comparison between group VI and
group VII revealed significant difference
between the two groups regarding all the
measured parameters (P <0.01- 0.0001) (table 3), (figure 3).
Histopathologic results
Longitudinal section of the left ventricle
of the positive and negative control rats
showed cardiac muscle fibers with acidophilic cytoplasm and centrally located nuclei with delicate connective tissue separating the cardiac myocyte fibers and
Vol. XVII, No. 2, July 2009
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capillaries in between. Longitudinal section of the left ventricle of rats treated
with ginger in a dose of 50 mg/ kg revealed waviness of myocardial fibers at
the border of some fibers.
Longitudinal section of the left ventricle
of ginger treated rats in a dose of 500 mg/
kg for 28 days showed cloudy swelling
and granular cytoplasm, no capillaries
were detected due to swelling of cells (figure 2).
In- vitro study (on isolated rabbit aortic strips) :
Ginger at a concentration of 5 mg/ ml
produced a relaxant effect on rabbit's aortic strip pro- contracted with phenylephrine by 23 + 0.52% of the maximal contraction. Pre-incubation with L-NAME
significantly attenuated the ginger- induced relaxation to be 9 + 0.49% of the
maximum contraction induced by phenylephrine (P< 0.0001) (table 4), (figure 4).
Pre- incubation with ginger significantly reduced the calcium chloride induced
contraction of highly- depolarized aortic
strip (by potassium) from 40.2 + 0.73 mm
height to 33.38 + 0.7 mm with 18. 43% reduction rate (P< 0.0001) (table 5) (figure 5).
DISCUSSION
In the present study ginger in a single
dose of 2500 mg/kg body weight proMansoura J. Forensic Med. Clin. Toxicol.
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duced significant drop in both systolic and
diastolic blood pressures and decrease in
the heart rate when compared with their
negative control rats. Ginger is a medicinal plant that has been widely used in
Chinese, in treatment of hypertension (Ali
et al., 2008). In a study of acute toxicity
performed on hydro-alcoholic extract of
ginger rhizome in mice, it was found that
the drug was nontoxic up to a dose of 1500
mg/kg body weight (Jagetia et al., 2004).
In the heart rate context, remarkable bradycardia was found after oral administration of the ginger component, 6-shogaol in
a dose of 70 mg/kg in mice (Suekawa et
al., 1984). In the present acute toxicity
study, the single dose of ginger produced
hyaline changes in some areas of cardiac
myocytes with other areas showed faint
dissolved nuclei of a prenecrotic stage. It
was reported that myocyte necrosis can result from ischemia that is followed by reperfusion (Schoen, 1999). After hypotension a post ischemic / reperfusion and reoxygenation state occur resulting in the
production of Xanthene oxidase and O2
that generate superoxide radicals which
result in extensive tissue damage (McCord
and Roy, 1982).
In the present subacute toxicity study,
ginger administration was not associated
with any mortalities and abnormalities in
general conditions, behavior, growth, and
food and water consumption except for
that the rats were calmer than their control
Vol. XVII, No. 2, July 2009

Elkhishin & Awwad

rats. This was consistent with Rong et al.
(2009) who administered ginger powder
by oral gavage in doses of 500, 1000 and
2000 mg/ kg for 35 days and reported
nearly the same results.
In the present study administration of
ginger in a dose of 50 mg/ kg for 28 days
produced no significant change in both
systolic and diastolic blood pressures
while it produced a significant decrease in
heart rate when compared with the negative control rats. In a dose of 500 mg/ kg
for 28 days, ginger produced a significant
drop in systolic and diastolic blood pressures and heart rate when compared with
the negative control rats. The dose of 50
mg/ kg produced waviness of some myocardial fibers at their border in the cardiac
tissue while 500 mg/ kg produced cloudy
swelling and granular cytoplasm, with
disappearance of capillaries due to swelling of cells. These findings are parallel to
that found by Schoen, (1999) who reported
a waviness of myocardial fibers at the border in cases of myocardial ischemia.
Furthermore ginger is recommended by
the traditional healers in South Asia for
treatment of cases of cardio-myopathy,
high blood pressure, palpitations and to
improve the circulation for its use as a
vasodilator (Kapoor, 1990; Duke, 2002).
Pharmacological studies were performed on (6)-gingerol and (6)-shogaol
Mansoura J. Forensic Med. Clin. Toxicol.
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which are the pungent constituents of ginger (Zingiber Officinale Roscoe). In the
cardiovascular system, both constituents
produced depressor response at doses of
70 mg/ kg on the blood pressure of rats
(Suekawa et al., 1984).
In hypertensive animals, ginger has a
generally dose-dependent hypotensive effect, in addition ginger caused vasodilatation in rats and rabbits following induced
vasoconstriction, and exhibited calcium
channel-blocking activity similar to verapamil (Ghayur and Gilani, 2005b). The only
human trial to address hypertension,
found a synergistic effect between ginger
and nifedipine (Young et al., 2006).
The in-vitro experiments revealed that
ginger is a partial vaso- relaxant in a concentration of 5 mg/ ml as it produced a relaxant effect on rabbit's aortic strip procontracted with phenylephrine. While preincubation with L-NAME significantly attenuated the ginger- induced relaxation
indicating that the vasodilator effect of
ginger is partially mediated through nitric
oxide synthesis or release. L- nitro- arginine methyl ester (L- NAME) is a nitric oxide synthase inhibitor (Colas et al., 2000).
These results are consistent with those of
Ghayur et al., (2005) who reported that
ginger induced a dose-dependent (3-10
mg/kg) fall in the arterial blood pressure
(BP) of anaesthetized rats which was partially blocked by atropine (1 mg/ kg).
Vol. XVII, No. 2, July 2009
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Cholinergic compounds are known to
cause a fall in BP by activation of muscarinic receptors located on the endothelium of blood vessels and the cholinergic receptor mediated vasodilatation is due to
release of NO from the endothelium
(Furchgott and Zawadski, 1980) and consequent increase of cGMP contents in the
vascular smooth muscles in response to
activation of guanylyl cyclase (Andreopoulos and Papapetropoulos, 2000). The
bradycardic effect of ginger may be partially due to the antimuscarenic effect of
ginger as evidenced by (Gilani and Cobbin, 1986) who found that ginger produced a partial blockade with atropine
which is a competitive muscarenic antagonist.
This study revealed that Pre- incubation
of the rabbit's aortic strip with ginger significantly reduced the calcium chloride induced contraction of highly- depolarized
aortic strip. This demonstrated that ginger
has a calcium channel blocking effect as
revealed by (Ghayur and Giliani, 2006).
These results are parallel to those of (Bolton, 1979; Mecca and Love, 1992) who reported that a vasodilator component mediated by the aqueous ginger extract was
due to calcium channel blockade, as it relaxed the high K+ - induced contractions
specifically as well as shifted the Ca2+
dose-response curves to the right as reported by (Godfraind et al., 1986; Karaki et
al., 1997).
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CONCLUSION
A single dose of ginger in a dose 5
times the high dose (2500 mg/ kg) can be
toxic by causing severe hypotension and
bradycardia with induction of hyaline
changes and fainting of some nuclei in cardiac myocyte fibers of a pre- necrotic
stage. Administration of ginger to rats for
28 days in the low dose (50 mg/ kg) produced bradycardia with waviness of some
cardiac muscle fibers. Ginger in a high
dose (500 mg/ kg) for 28 days, produced
both hypotension and bradycardia with
degenerative changes in cardiac myocyte
fibers. The hypotensive and bradycardic
effects of ginger may partially, be due to
induction of vasodilatation by increasing
nitric oxide release or synthesis and partially due to a calcium channel blocking effect. Also, a cholinomimetic effect could be
contributed in the cardiovascular effects of
ginger.
RECOMMENDATIONS
As ginger is a hypotensive and bradycardic medication at high doses, it must be
used with caution in normal non- hypertensive persons. Further studies must be
carried out to detect other effects of different doses of ginger on other systems in the
body. Further studies on humans must be
carried out to detect how it can be effective in the treatment of cases of hypertension and tachycardia.
Vol. XVII, No. 2, July 2009
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Table (1): Statistical comparison between the means of systolic blood pressure (SBP),
diastolic blood pressure (DBP) and heart rate (HR) of positive and
negative control rats and ginger treated rats received 2500 mg/ kg BW,"
An acute toxicity study".
Parameter

SBP mmHg

DBP mmHg

HR beat/ minute

Mean ± SD
(n= 6)
+ve control
114.35± 4.05
Paired-t 1.57
P >0.05
73.88± 2.82
Paired-t 1.57
P>0.05
293.37± 2.5
Paired-t 0.7
P>0.05

-ve control
115.2± 3.04

73.62± 3.01

293.83± 2.81

Mean ± SD
(n= 6)
Ginger
75.55± 1.31
29.14*
P<0.0001
44.9± 1.69
37.46*
P<0.0001
192.73± 1.1
81.72*
P<0.0001

Table(2): Statistical comparison between the means of systolic blood pressure (SBP),
diastolic blood pressure (DBP) and heart rate (HR) of positive and negative
control rats, the low dose (50 mg/ kg) of ginger treated rats and the high
dose (500 mg/kg) of ginger treated rats, " a subacute toxicity study for
28 days".
Parameter

Mean ± SD
(n= 6)
+ ve control
-ve control

SBP mmHg

109.62± 2.96

DBP mmHg

HR beat/
minute

109.6± 2.83

110.82± 2.49

Mean ± SD
(n= 6)
-ve control Ginger 500
mg/ kg
109.6± 2.83 103.43± 0.95

Paired- t 0.11
P>0.05
73.9± 1.81
75.1± 2.17

Paired- t 0.89
P>0.05
73.58± 2.58

4.28*
P<0.01
75.1± 2.17 62.23± 0.72

Paired- t 1.87
P>0.05
293.87± 2.18 294.3± 3.07

Paired- t 1.1
P>0.05
273.93± 8.81

12.58*
P<0.0001
294.3± 3.07 255.73± 1.6

Paired- t 0.3
P>0.05

Paired- t 5.05*
P<0.01
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(n= 6)
Ginger 50 mg/ kg

24.23*
P<0.0001
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Table (3): Statistical comparison between the means of systolic blood pressure (SBP),
diastolic blood pressure (DBP) and heart rate (HR) of the low therapeutic
dose of ginger treated rats and the high therapeutic dose of ginger treated
rats, "a subacute toxicity study for 28 days".
Mean ± SD
(n= 6)

Parameter
Ginger 50 mg/ kg
110.82± 2.49

SBP mmHg

Ginger 500 mg/ kg
103.43± 0.95
Paired-t 7.34*
P<0.001

73.58± 2.58

DBP mmHg

62.23± 0.72
Paired-t 11.93*
P<0.0001

273.93± 8.81

HR beat/ minute

255.73± 1.6
5.19* Paired-t
P<0.01

Table (4): The relaxant effect of ginger 5 mg/ ml on isolated rabbit aortic strip procontracted with phenylephrine (10 µg/ ml) in absence and presence of LNAME (100 µM).
Percent of reduction in phenylephrine induced maximal contraction
n= 6
Ginger
In absence of L-NAME
In presence of L-NAME
5 mg/ ml
Mean ± SD
Mean ± SD
23 ± 0.52%
9 ± 0.49%
Paired- t: 53.8*
P: < 0.0001

Table (5): Effect of ginger 5 mg/ ml on calcium chloride (1mM) induced contraction
of highly- depolarized rabbit aortic strip produced by 60 mM of K+.

Ginger
5 mg/ ml

Height of contraction induced by calcium chloride
n= 6
In absence of ginger
In presence of ginger
Mean ± SD (mm)
Mean ± SD (mm)
40.2 ± 0.73
33.38 ± 0.7
Paired- t: 14.37*
Significance: < 0.0001
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Fig. (1) : Two photomicrographs (PMs). PM- A transverse section of the left ventricle of a control rat showing cardiac muscle fibers with acidophilic cytoplasm and centrally located
nuclei (a) with capillaries in between (c). PM- B, transverse section of the left ventricle
of ginger treated rats in a single dose of 2500 mg/ kg showed hyaline change (h) in
some areas. Some areas of the cardiac myocytes showed faint dissolved nucleus of a
prenecrotic stage (n).
(H & E X 400)

Fig. (2) : Three photomicrographs (PMs). PM- A, longitudinal section of the left ventricle of a
negative control rat showing cardiac muscle fibers with acidophilic cytoplasm and centrally located nuclei (a) and capillaries in between (c). PM- B, longitudinal section of
the left ventricle of a rat received ginger in a dose of 50 mg/ kg for 28 days showing
centrally located nuclei (a) and waviness of some myocardial fibers at their border (w).
PM- C, of a ginger treated rat in a dose of 500 mg/ kg for 28 days showed cloudy
swelling and granular cytoplasm (g), no capillaries detected due to swelling of cells.
(H & E X 400)
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Fig. (3) : Effect of Ginger on the arterial blood pressure and heart rate of rats; an acute toxicity
study (A) and subacute toxicity study (B).

Fig. (4) : The relaxant effect of ginger on isolated rabbit's aortic spiral strips procontracted with
phenylephrine in absence and in presence of L-NAME.

Fig. (5) : Effect of ginger on calcium chloride- induced contractions of highly depolarized rabbit's aortic spiral strips produced by K+.
Mansoura J. Forensic Med. Clin. Toxicol.
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