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ABSTRACT
Background: Alcohol-induced hyperlipidemia is positively correlated 
with cardiovascular diseases. Several herbal extracts have been reported 
to protect the cardiac injury and suppress the hyperlipidemia. However, 
the effect of ginger extracts on alcohol-induced hyperlipidemia and 
associated myocardial damage remains unclear. Objective: This study 
investigated the cardio-protective properties of ginger ethanolic extract 
(Gt) against alcohol-induced myocardial damage, and further distinguished 
the association between hyperlipidemia and occurrence of myocardial 
damage in rats. Materials and Methods: Twenty four Wistar male albino 
rats (250 ± 20 g) were divided into four groups including, Normal control 
(NC) (0.9% NaCl), Ginger treated (Gt) (200 mg/Kg b.w.), Alcohol treated 
(At) (20% of 6g/kg b.w. alcohol), and Alcohol along with Ginger treatment 
(At+Gt). In this study, lipid profiles such as fatty acids, triglycerides, total 
cholesterol, phospholipids, low density lipoprotein and high density 
lipoproteins, and cardiac biomarkers,  including LDH, AST, CK-MB, cTn-T 
and cTn-I were examined in rats. Furthermore, histopathological studies 
were also conducted. Results: We found that alcohol-induced myocardial 
damage was associated with increased lipid profile except high density 
lipoprotein in alcohol treated (20%, 6g/kg b.w.) rats compared with 
control. Ginger treatment significantly reduced the alcohol-induced lipid 
profiles except high density lipoproteins. Furthermore, elevated cardiac 
biomarkers activity with alcohol intoxication was substantially suppressed 
by ginger treatment. In addition, ginger treatment for 7-weeks significantly 
minimized the alcohol-induced myocardial damage. Conclusion: Our 
results concluded that ginger could protect alcohol-induced myocardial 
damage by suppression of hyperlipidemia and cardiac biomarkers.
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SummARy
•  Ginger extract could alleviate the myocardial injury partially due to the 

suppression of circulating FFAs and TG levels.
•  Increased circulating cholesterol, LDL and phospholipids with alcohol intake 

were substantially suppressed by ginger treatment
•  Alcohol, induced  an  increase in cardiac damage biomarkers, CK-MB, cTn-T 

and cTn-I were remarkably suppressed by ginger treatment
•  Performed histopathological studies by transmission electron microscopy 

and light microscopy shows additional convincing evidence on ginger  

cardio-protective effects. The drastic changes were rehabilitated in cardiac 
tissue by ginger treatment may be it acts as a good antioxidant and 
possessing hypolipidemic activity.

•  Collectively, our findings confirm hypothesis that ginger has cardio protective 
potential through suppression of hyperlipidemia, preserving the tissue 
damage bio markers, cardiac biomarkers in plasma and preservation of 
histoarchitecture of myocytes.

Abbreviations used: Gt: Ginger Ethanolic Extract; NC: Normal Control; At: 
Alcohol treated; MI: Myocardial Infarction
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INTRODUCTION
Myocardial infarction (MI) is an acute condition of necrosis of the 
myocardium that occurs as a result of sudden or persistent interruption 
of blood supply to the demand of myocardium.[1] Every year, worldwide 
more than 7 million people have been affected with MI.[2] However, the 
occurrence of myocardial damage is mainly due to hyperlipidemia, loss 
of plasma membrane integrity and membrane peroxidation.[3] Alcohol 
is one of the major risk factors for incidence of myocardial damage, and 
chronic alcohol consumption has been reported to have J or U shaped 
relationship with myocardial damage.[4]
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Excessive chronic alcohol consumption altered the lipid homeostasis, 
which could be caused to the development of cardiovascular 
disease.[5] Alcohol consumption is independently and directly associated 
with circulating oxidized LDL, which triggered the vascular inflammation 
and progress the atherosclerosis.[6] In addition, increased levels of LDL 
and decreased levels of HDL induced by chronic alcohol consumption, 
was mainly associated with myocardial damage.[7,8] Alcohol also accounts 
for an additional increase of serum triglycerides with inhibition of free 
fatty acid oxidation.[9]  It is well established that increased lipid profiles 
and uncontrolled reactive oxygen species (ROS) production certainly 
cause tissue damage and release the cytosolic enzymes into plasma, 
such as Aspartate aminotransferase (AST), lactate dehydrogenase 
(LDH) and Creatine kinase (CK) along with increased Cardiac marker 
cardiac troponin-T (cTn-T) levels.[10,11] Therefore, control of lipid profiles 
elevation by antilipidemic substances could be a possible strategy to 
manage the occurrence of myocardial damage.
Ginger (Zingiber officinalis Roscoe) belongs to the family of 
Zingiberaceae, and is cultivated in India and other parts of the World. 
From the ancient times, rhizomes of ginger have been consumed 
worldwide as a spice, flavouring agent and it is attributed with having 
many medicinal properties.[12] The functional ingredients of ginger have 
shown many pharmacological properties, including cardio-protective, 
hepato-protective, anti-inflammatory, antioxidant, and antilipidemic 
property.[13-15] Our previous studies confirm that ginger improved 
antioxidant status and attenuated oxidative damage against alcohol 
toxicity in liver and kidney of rats.[16,17] However, there are only limited 
studies to demonstrate the protective effects of ginger extract on cardiac 
biomarkers and cytosolic enzymes in rats exposed to alcohol toxicity. 
Therefore, we proposed this study to investigate the effect of ethanolic 
extracts of ginger on alcohol-induced myocardial damage related to 
changes in cardiac biomarkers and lipid profiles.

MATERIAL AND METHODS
Chemicals
CK-MB, cTn-T and cTn-I Elisa kits were purchased from Bio Check, 
U.S.A. All the remaining chemicals were Analar Grade (AR) and 
obtained from the following scientific companies: Sigma (St. Louis, MO, 
USA), Fisher (Pittsburgh, PA, USA), and Merck (Mumbai, India).

Preparation of ginger ethanol extract
Ginger (Zingiber officinale Roscoe) rhizome was purchased from 
the local market in Tirupati, A.P. India. Ginger (voucher specimen 
No.1556) was authenticated by the professional Botanist, Dr. Madhava 
Chetty, Department of Botany, Sri Venkateswara University, Tirupati. 
Four  kilograms of fresh ginger was cleaned, washed under running 
tap water, cut into small pieces, air dried and powdered. 200 g of this 
powder was macerated in 1000 ml of 99.9% ethanol for 48 hours at 
room temperature and then filtered. The filtrate was concentrated to 
dryness under reduced pressure in a rotary evaporator (Hahnshin, 
Model: HS-2005V, Korea).

Animals
Twenty-four Wister strain male albino rats, weighing 250 ± 20 g, were 
obtained from the Indian Institute of Science, Bengaluru, India. The 
animals were housed in plastic cages and kept in the laboratory under 
constant temperature (27 ± 2°C) with 12 hrs dark and 12 hrs light for 
throughout treatment period. The rats  received a standard pellet diet 
(Sai Durga feed, Bengaluru, India) and water ad libitum. The experiments 
were carried out in accordance with the guidelines and protocol approved 
by the Institutional Animal Ethics Committee as per resolution number 
(10 /i/a/CPCSEA/IAEC/SVU/KSR-GVS/dt 15/11/2010).

Experimental design
The rats were divided into four groups each of six rats and the treatment 
was given every day via an orogastric tube for seven weeks.
Group I: Normal Control (NC): rats received 0.9% saline and fed with 
normal diet.
Group II: Ginger treatment (Gt): rats received 200 mg/kg of ethanol extract 
of ginger, orally, for seven weeks treatment (Dose was selected by doing 
dosage studies with 50, 100, 150, 200, 250 mg/kg b.w of ginger extract). 200 
mg/kg b.w of ginger has been found more effective and safe dose.
Group III: Alcohol treatment (At): rats received 20% alcohol at the dose 
of 6g/kg, orally, for seven weeks. Dose was selected by conducting the 
dosage-dependent studies with 2, 3, 4 and 6 g/kg body weight of 20% 
alcohol to induce myocardial infarction in rats. Alcohol at 6g/kg dose 
was found to be effective to induce MI. The required dose of alcohol 
(20%) in grams was calculated according to its density, and mixed with 
double distilled water (v/v) to get 20% solution.
Group IV: Alcohol + Ginger treatment (At+Gt):  rats received alcohol 
and ginger, as described in group II, III for a period of seven weeks.
After completion of seven weeks treatment, the animals were sacrificed 
by cervical dislocation. Blood was collected from heart puncture and 
plasma was separated for cardiac biomarker estimation. Heart tissue was 
used for the histopathological studies and for biochemical assays.

Estimation of cardiac bio markers
Lactate dehydrogenase (LDH) levels were measured in plasma using the 
commercially available kit. Briefly, reaction mixture contained 2.90 ml of 
0.2 M tris buffer, 10 µl of plasma, 100 µl of 30 mM sodium pyruvate and 
100 µl of NADH. The rate of oxidation of NADH was measured at 340 
nm for 2 minutes in UV/VIS spectrophotometer.
Aspartate transaminase (AST) levels were measured in plasma by the 
commercial available kits. Briefly, the reaction mixture in a total volume 
of 2 ml contained 100 µmoles of phosphate buffer, 40 µmoles L- aspartic 
acid, 2 µmoles α-ketoglutarate and 0.3 ml plasma. After incubation for 
30 minutes at 37°C the reaction was arrested by adding 1ml of 0.00 
1N 2-4 dinitrophenyl hydrazine. After 20 minutes, the absorbance was 
measured at 545 nm in UV/VIS spectrophotometer.
Creatine kinase –MB (CK-MB) isoenzyme levels were measured in plasma 
using the commercial kit (Bio check Elisa kit, USA). The absorbance of the 
reaction mixture was measured at 340 nm for 3 minutes at 60s intervals. 
CK-MB levels are expressed as International Units per liter.
Cardiac troponin -T (cTn-T) and Cardiac troponin- I (cTn-I) levels in 
plasma were estimated using commercially available kit (Biocheck Elisa 
kit, U.S.A). The absorbance of the reaction mixture was measured at 
450nm in Bio-Rad iMark Microplate reader 10622, Japan. cTn-T and 
cTn-I levels were  expressed as nano gram per mille liter.

Estimation of plasma lipid profiles
Plasma free fatty acids (FFAs) levels were estimated by the method of Falholt 
et al.,[18] and triglycerides (TGs), total cholesterol (TC) levels were measured 
by using commercial available kits (Merck India Ltd). Phospholipids (PLs) 
were estimated by the method of Zilversmit and Davis[19] and high density 
lipoproteins (HDL) levels were estimated enzymatically by colorimetric 
kits (Merck India Ltd). Low density lipoproteins (LDL) were calculated as 
per the method of Friedewald et al.[20]

Histopathology
Light microscopic study
Cardiac tissues were fixed in 10% buffered formalin and embedded in 
paraffin. Serial sections (3 µm thick) were cut using microtome (Leica RM 
2125, Germany). Each section was stained with haematoxylin and eosin 
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(H and E). The sections were examined under a light microscope (Nikon, 
Tokyo, Japan). The pathologist performing histopathological evaluation 
was blinded to the treatment assignment of different study groups.

Transmission Electron Microscopic study
Hearts were cut into pieces and fixed in 0.1 mol/L sodium phosphate 
buffer containing 2.5% glutaraldehyde for 3 h at 4°C, then osmicated in 1% 
osmium tetroxide for 1 h at 4°C. After dehydration of  the tissues by using 
ethanol series, the samples were embedded in Epon 812 and sectioned 
using a Leica EM UC6 (Leica Coviema , Austria) ultra-microtome. 
Sections were viewed and photographed using a Hitachi 7650 TEM 
(Hitachi, Tokyo, Japan) at 80 kv.

Statistical analysis
Statistical analysis was performed by SPSS software version 16.0 (SPSS Inc,  
Chicago, IL, USA). Dennett’s multiple comparison post-hoc tests and 
one-way analysis of variance (ANOVA) were used to assess the significant 
differences. The data was represented as mean ± S.D. A value of P<0.05 
was considered significant.

RESULTS
Ginger extracts attenuate alcohol‑ induced LDH 
and AST enzyme activities
Both LDH and AST are widely considered as blood biomarkers 
of tissue injury. As shown in Figure 1 and 2, alcohol intoxication  
(6 g/kg) for 7 weeks, greatly (P<0.05) increased the release of LDH 
(198.98 ± 6.21 IU/L) and AST (220 ± 6.58 IU/L) levels into the blood 
stream. However, co-administration of ginger extract along with alcohol 
intake significantly suppressed the release of both LDH and AST into the 
blood.  The suppressed LDH (92 ± 4.81 IU/L) and AST (171 ± 6.10 IU/L) 
levels with ginger plus alcohol treatment were almost similar to normal 
control values in this study.

Ginger inhibits alcohol‑induced elevation of cardiac 
biomarkers
To evaluate whether chronic alcohol intake could produce myocardial 
infarction in rats, in this study, we assayed the concentrations of 

CK-MB in plasma, which is a primary biomarker of MI. The results 
showed that alcohol consumption significantly increased the plasma 
CK-MB (155 ± 6.14 IU/L) levels, which was about 5-fold higher than 
the saline treated rats. Interestingly, ginger treatment significantly (P< 
0.05) attenuated the alcohol-induced elevation of CK-MB (99 ± 6.6 
IU/L) [Figure 3].
Then, we examined the changes in key troponin family proteins, 
cTn-T and cTn-I that are highly specific for MI. The data was 
presented in Figure 4A and 4B. Similar to CK-MB response, we 
found several folds increase of cTn-T ( 2.212 ± 1.23 ng/ml) and cTn-I 
(3.735 ± 1.320 ng/ml) concentrations in the plasma of alcohol fed rats  
(P< 0.05). Nevertheless, this elevation was found to decrease  cTn-T 
(0.823 ± 0.142 ng/ml) and cTn-I (0.947 ± 0.203 ng/ml) in ginger 
treated alcoholic rats, which implies that the ginger protective effects 

Figure 1: Effect of Ginger on Lactate dehydrogenase (LDH) levels in 
alcohol induced myocardial infarction (MI) rats. All values are expressed 
as mean ± SD values with six replicates. aP<0.05 normal control compared 
with alcohol treated group alone, #P<0.05 alcohol treated group 
compared with ginger treated alcoholic group.

Figure 2: Effect of Ginger on Aspartate aminotransferase (AST) levels in 
alcohol induced myocardial infarction (MI) rats. All values are expressed 
as mean ± SD values with six replicates. aP<0.05 normal control compared 
with alcohol treated group alone, #P<0.05 alcohol treated group 
compared with ginger treated alcoholic group.

Figure 3: Effect of Ginger on Creatine kinase‑MB (CK‑MB) levels in alcohol 
induced myocardial infarction (MI) rats. All values are expressed as mean 
± SD values with six replicates. aP<0.05 normal control compared with 
alcohol treated group alone, #P<0.05 alcohol treated group compared 
with ginger treated alcoholic group.
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are observed against alcohol-induced rise in both cardiac biomarkers.
Despite, ginger alone treatment at given dose didn’t affect the cTn-T 
and cTn-I levels in the plasma.

Ginger treatment alleviates alcohol‑induced 
hyperlipidemia
Hyperlipidemia characterized by elevated levels of cholesterol and 
triglycerides is a hallmark of myocardial infarction. Therefore, we 
monitored the changes in lipid profiles in alcohol and ginger treated 
rats to emphasize the ginger protective role as cardio-protective 
substance. As presented in Table 1, the estimated FFA, TG, PL, TC and 
LDL concentrations were dramatically increased, while HDL levels 
were significantly decreased in the plasma of alcohol intoxicated rats 
(P< 0.05). However, all these adverse changes in lipid profiles were 
substantially attenuated with ginger extract administration for 7 weeks. 
The profound antilipidemic activity of ginger extract may contribute 
to ameliorating the alcohol-induced architectural damage of cardiac 
tissue of rats.

Alcohol‑induced myocardial injury was attenuated 
by ginger treatment
Since ginger treatment reported to suppress the biomarkers of MI and 
attenuated the hyperlipidemia against alcohol intoxication, we extended 
our studies to evaluate the role of ginger extract on the alcohol-induced 
myocardial injury in rats. The Transmission electron microscopic and 
light microscopic studies [Figure 5C and 6A] clearly demonstrated that 
alcohol-induced formation of thrombosis in coronary vessels, necrosis 
of cardiac cells, haemorrhages and collapsed myocardial fibbers. This 
cardio-protective property of ginger was evidenced by a lessening of 
architectural damage, recovery of the nucleus, regeneration of myofibrils, 
and recovery of the intercalating disk [Figure 5D and 6B]. We further 
found that scattered nucleus with alcohol intoxication, which is a key 
step in the progression of MI was found to be normal in ginger combined 
alcoholic rats.

Figure 4: A: Effect of Ginger on cardiac troponin‑T (cTn‑T) levels in alcohol induced myocardial infarction (MI) rats. All values are expressed as mean ± SD values 
with six replicates. aP<0.05 normal control compared with alcohol treated group alone, #P<0.05 alcohol treated group compared with ginger treated alcoholic 
group. B: Effect of Ginger on cardiac troponin‑I (cTn‑I) levels in alcohol induced myocardial infarction (MI) rats. All values are expressed as mean ± SD values 
with six replicates. aP<0.05 normal control compared with alcohol treated group alone, #P<0.05 alcohol treated group compared with ginger treated alcoholic 
group.

Figure 5: A: Light microscopic of normal control (NC) rats heart showing: 
1. Normal Myofibril 2. Normal intercalated disks 3. Normal Nucleus  
B: Ginger treatment (Gt) 1. Mild degeneration of intercalated disks 2. Mild 
changes of myofibril structure C: Alcohol treatment (At) 1. Hemorrhages 
2. Necrotic changes 3. Collapsed Myocardial Fibers D: Alcohol + Ginger 
treated (At+Gt) 1. Recovery of Intercalate disc 2. Regeneration of nucleus 
3. Recovery of myofibril structure.

Figure 6: A: Electron microscopic of alcohol treatment (At) rats heart 
showing 1. Thrombosis formation in coronary vessel 2. Coronary vessel 3. 
Necrosis of cardiac cells B: Alcohol +Ginger treated (At+Gt) 1. Recovery of 
nucleus 2. Regenaration of myofibril structure.
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amount of cholesterol released into plasma may associate with increased 
cholesterol biosynthesis, decreasing cholesterol ester hydrolysis and 
reducing cholesterol efflux accompanied to free radicals over production 
in stress condition.[31] Accumulation of ester cholesterol occurs when 
the rate of esterification increases by cholesterol ester synthetase in 
myocardial membrane damage.[32] In addition to this, impaired LDL and 
HDL ratio also found to be correlated with the development of MI.[33,34] 
On the other hand, ROS plays a main role in  promoting oxidation of 
low density lipoproteins.[35] Oxidation of LDL in the presence of low 
levels of HDL mainly contribute to induce  myocardial damage.[23] In 
view of these reports, maintaining of high levels of HDL cholesterol and/
or prevention of LDL oxidation could be the main strategies to restrict 
the progression of myocardial damage. Therefore, ginger-mediated 
reduction of total cholesterol, LDL and phospholipids, and concurrent 
increase of HDL concentrations in alcohol-fed rats implies that ginger 
could primarily contribute to lowering the hyperlipidemia. We assume 
that this phenomenon, which was observed from our study may lead 
to ameliorate the alcohol-induced myocardial infarction. A study by 
Fuhrman and colleagues (2000) demonstrated that dietary intake of 
ginger is capable of reducing the development of atherosclerosis by 
decreasing the plasma LDL and cholesterol in apolipoprotein E-deficient 
mice. This study further indicated that ginger extract consumption 
reduces the cellular uptake of oxidized LDL, possibly due to steric 
modification of plasmalipoprotein receptors.[36] Besides, ginger ethanolic 
extract is shown to reduce the hyperlipidemia, which may be due to the 
increased activity of cholesterol-7-alpha hydroxylase that initiate the 
conversion of cholesterol to bile acids.[37]

The cytosolic enzymes, LDH and AST emerge mostly from all tissues, 
including liver, kidney and heart; and enormously released into the 
circulation of blood followed by tissue injury. In the present study, both 
LDH and AST concentrations were significantly increased upon alcohol 
intoxication. Elevated cytosolic enzymes reveal the ability of alcohol to 
interact with membrane proteins, which then lead to the modification 
of cell membrane integrity thereby release into circulation.[38] Increased 
myocardial damage in alcohol intoxicated rats seemed to be the elevation 
of serum LDH and AST concentration.[10] Consistent with its anti-
hyperlipidemic activity, ginger combination treatment suppressed the 
release of both LDH and AST. It is well documented that alcohol-induced 
excessive ROS eventually attack the cell membrane and destructively 
damage cellular architecture.[39] In this scenario, the potential antioxidant 
property of ginger may eliminate the excessive ROS, thereby prevent the 
tissue damage. Although we didn’t measure antioxidant biomarkers in 
this particular study, our previous studies convinced the tissue protective 
effects of ginger through its antioxidant activity.[14,17] Previous studies 
support our findings that tissue protective efficacies of ginger could be 
reasoned by reducing the circulating LDH and AST levels in rodents under 
oxidative stress conditions.[40]

Another important finding of this study is that alcohol-induced the 
increase in cardiac damage biomarkers CK-MB, cTn-T and cTn-I, and 
was remarkably suppressed by ginger treatment. Elevated levels of 

DISCUSSION
Alterations in lipid metabolism and cell membrane integrity are the major 
concerns in the occurrence of alcohol-induced cardiac tissue injury or 
myocardial infarction. Statistical data showed that myocardial damage 
is increasingly contributing to alcohol related mortality. In this study, 
we demonstrated that treatment of ginger extracts to alcohol fed rats 
remarkably alleviated the progression of chronic alcohol-induced cardiac 
injury. This was evidenced by a lessening of myocardial architectural 
damage, including recovery of the nucleus, regeneration of myofibrils, 
and recovery of intercalating disk in ginger treated alcoholic rats. The 
cardio-protective effects of ginger were associated with attenuation of 
hyperlipidemia, suppression of tissue injury markers release (LDH and 
AST), and inhibition of myocardial damage biomarkers against alcohol-
induced elevation. All these tissue protective signs could contribute to 
attenuate the incidence of myocardial damage in alcohol fed rats.
It is well-known that dyslipidaemia is one of the major risk factors in the 
development of cardiovascular disease.[21] Previous studies demonstrated 
that chronic alcohol consumption could increase the lipolytic activity 
and elevate FFAs concentration in the plasma. The increased FFAs with 
alcohol intake may increase the circulating TG concentrations, which 
may be due to enhanced phosphatide phosphohydrolase activity.[22] Both 
elevated FFAs and TG concentrations in rats have been shown to produce 
myocardial infarction under isoproterenol-induced toxic conditions.[23] 
Similar consequences were found in our study that uncontrolled FFAs 
and TG levels with alcohol intoxication was followed by an elevation 
of cardiac biomarkers and myocardial injury. Interestingly ginger 
treatment (200 mg/kg b.w.) for 7 consecutive weeks along with alcohol 
feeding substantially decreased the FFAs and TG concentrations. This 
data implies that ginger extract could alleviate the myocardial injury 
partially due to the suppression of circulating FFAs and TG levels. 
Irrespective of its cardio-protective properties, ginger extract has 
been reported to decrease FFAs and TG levels in rats with metabolic 
syndrome and diabetes.[24] Thus, the ginger extract consumption could 
result in accumulation of active ingredients within the cells, as well as 
in the cell plasma membrane receptorsmay reduce the plasma TG by 
increasing pancreatic lipase and amylase,[25] which inhibit lipid hydrolyse 
in intestinal tract,[26] reducing lipid peroxidase.[27]

Further, the results from our study convinced that increased circulating 
cholesterol, LDL and phospholipids with alcohol intake were substantially 
suppressed by ginger treatment. Increased phospholipids in plasma imply 
the peroxidation of unsaturated membrane lipids in bio-membranes and 
tissues causing leakage of lipids into circulation. This phenomena have 
been reported in the previous studies, which demonstrated that incidence 
of myocardial damage was associated with increase of phospholipids in 
plasma.[28] In addition to that, increased phospholipids induce free fatty 
acids in plasma due to escalation of phospholipase A2 activity in cardiac 
tissue.[29,30] In our results, similar consequences were observed in alcohol 
fed rats. Previous studies indicated that elevated cholesterol and LDL 
levels were accompanied by increased cardiac tissue damage in rats. High 

Table 1: Effect of Ginger on lipid profiles in alcohol induced myocardial infarction rats. All values are expressed as mean ± SD values with six replicates. aP<0.05 
normal control compared with alcohol treated group alone, #P<0.05 alcohol treated group compared with ginger treated alcoholic group. 

Groups NC Gt  At At + Gt
FFAs mg/dl 51.81 ±3.04 52.47 ±4.24 94.45  ± 5.48a 54.67 ± 4.06#

TG mg/dl 41.83  ± 5.05 41.38 ±4.17 97.20 ± 6.08a 46.17 ± 4.98#

PL mg/dl 76.80  ± 3.08 79.35 ±4.33 108.94 ±3.17a 81.61 ± 4.13#

TC mg/dl 70.94 ±4.12 69.24 ±5.13 108.86 ±5.45a 74.45 ±6.13#

HDL mg/dl 43.13± 2.36 44.51±2.08 24.62± 3.06a 40.33 ± 1.94#

LDL mg/dl 21.48 ± 2.11 20.73  ±1.91 59.11 ±2.37a 26.77 ± 1.98#
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CK-MB, cTn-T and cTn-I could be due to the increased generation of 
free radicals during alcohol metabolism. Those highly unstable alcohol 
metabolites and free radicals may increase the calcium mediated 
proteases activity that could damage the cellular proteins and release 
cytosolic enzymes into the serum.[41,42] The reports are available on the 
6-Gingerol antioxidant activity which proven that potentially ameliorate 
the cardiac damage via reducing the free radical mediated lipid 
peroxidation and release of cytosolic enzymes from cardiac tissue.[43,44]  
Another major previous evidence supported to our study on ginger 
cardio protective activity is that ginger showed cardiac protection in 
isoproterenol induced myocardial infarction through attenuation of the 
release of cardiac biomarkers in serum.[15] Therefore, ginger retarded the 
cardiac biomarkers levels in plasma under ethanol intoxication, which 
may be in consequence of ginger protection against lipid peroxidative 
stabilization of cardiac membranes, and prevent leakage of cardiac 
cytosolic enzymes via their hypolipidemic and antioxidant activity.[45]

To provide additional convincing evidence on ginger cardio-protective 
effects, we performed histopathological studies by using transmission 
electron microscopy and light microscopy. First we identified the 
alcohol-induced myocardial damage as images illustrated with collapsed 
myocardial fibers, thrombosis in coronary vessels, haemorrhages, and 
cardiac cell necrosis. These pathological signs confirmed the successful 
development of myocardial damage rat model at the given dose of alcohol. 
Alcohol-induced myocardial damage in this study, at least in part, is due 
to the accumulation of free fatty acids, elevation of triglycerides, and 
malfunction of lipid profiles. Our findings were supported by previous 
studies, who reported strong positive correlation between myocardial 
damage and hyperlipidaemia.[33] These drastic changes were rehabilitated 
in cardiac tissue by ginger treatment, may be, by acting as a good 
antioxidant and/orhypolipidemic substance.
Collectively, our findings confirm hypothesis that ginger has 
cardioprotective potential. Ginger treatment reduced the myocardial 
damage likely due to the detoxification  of alcohol through  suppression 
of hyperlipidemia, preserving  the tissue damage bio markers LDH, AST 
and cardiac biomarkers CK-MB, cTn-I and cTn-T  levels  in plasma. 
Preservation of histoarchitecture of myocytes by ginger treatment 
reconfirms these effects. Complementary studies are needed to explore 
other possible mechanisms by which ginger acts on the myocardial 
damage to beneficially affect cardiovascular system.
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