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Abstract The ameliorative effects of dietary natural

compounds have drawn increasing attention. Dietary

antioxidant is considered a common practice adopted in

traditional and alternative medicine. The current study was

considered to assess the ameliorative effect of grape seed

extract on dexamethasone-induced hepatotoxicity in rats.

Rats were injected with dexamethasone, (0.1 mg/kg; i.m.),

three times per week, for 30 days. The other groups; dex-

amethasone (0.1 mg/kg) and grape seed extract at a dose of

200 and 400 mg/kg were given orally to rats, respectively.

Dexamethasone treatment resulted in a significant eleva-

tion in liver function markers activities, lipid profile, and

hematological alterations; also, a remarkable increase in

hepatic lipid peroxidation marker whereas decreased

antioxidant activities in rats. However, administration of

grape seed extract resulted in a reversal of dexamethasone-

induced lipid peroxidation, antioxidant enzyme activities,

liver function markers and lipid profile, and hematological

alterations. Moreover, grape seed extract demonstrated

preventive action against dexamethasone-induced

histopathological changes in rat liver tissues. In conclusion,

grape seed extract exhibited a protective effect in rats

against oxidative stress, hyperlipidemia and hematological

alterations induced by dexamethasone.
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Introduction

The liver has an essential role in the metabolic pathways

including carbohydrate metabolism, lipid metabolism and

protein metabolism [1, 2]. Furthermore, the liver plays a

crucial role in the detoxification and biotransformation of

the metabolites and drugs; therefore, it is susceptible to the

toxicity of these agents [2]. The adverse effects of drugs on

liver, kidney, heart, lung, and brain tissue represents the

crucial cause of the non-approval and withdrawal of drugs

by the Food and Drug Administration [3].

Dexamethasone is a long-acting anti-inflammatory

synthetic steroid. The main problem of dexamethasone is

misuse through ingestion of overdose [4]. It was reported

that dexamethasone overdose-induced hyperglycemia,

hyperlipidemia, development of steatosis and fatty liver

[5, 6]. Free radicals under oxidative stress are known to

play an essential role in damage to the cell membrane

through reactive oxygen radicals. Oxidative stress is

defined as the unbalance between the intracellular forma-

tion of free radicals and cellular protection mechanisms. In

experimental studies, dexamethasone toxicity has been

shown to elevate malondialdehyde (MDA), an important

index of lipid peroxidation [7]. Drugs can induce hema-

tologic alterations, affecting levels of hemoglobin, leuco-

cyte, erythrocyte, and platelets [8]. Hematological markers
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are perspective to be influenced by any disease disorder

which disturbs the physiology of hematopoiesis [9].

The ameliorative effects of dietary natural compounds

have drawn increasing attention; a variety of dietary

antioxidant is often present in vegetables, seeds, and fruits.

Moreover; therapy of this dietary antioxidant is considered

a common practice adopted in traditional and alternative

medicine [10]. Fruits provide a valid tool for the health

benefits due to their powerful antioxidant content. Grape

seed extract (GSE) contains a number of polyphenols,

including procyanidins and proanthocyanidins, which are

powerful free radical scavengers [5]. Various pharmaco-

logical studies demonstrated the anti-inflammatory,

antioxidative, antitumor, antibacterial, and hepatoprotec-

tive properties of grape seed [11]. Aqueous extract of V.

vinifera was found to be a potent inhibitor of lipid peroxide

formation and scavenger of hydroxyl radicals’ in vitro [11].

Therefore, the aim of the current study was to elucidate

the side effects of dexamethasone on the liver tissue and to

assess the putative ameliorative effects of grape seed

extract on hematological, biochemical and histopathologi-

cal alterations induced by dexamethasone in albino rats.

Materials and Methods

Chemicals

Dexamethasone was purchased from EIPICO (10th of

Ramadan City, Egypt). Dexamethasone was diluted with

normal saline. The doses of the GSE used in this study are

200 mg, and 400 mg/kg BW and the dexamethasone

(0.1 mg/kg b.wt.) according to the suggested dosage [12],

All other chemicals were of analytical grade and obtained

from standard commercial suppliers.

Preparation of Grape Seed Extract

Grapes (Vitis vinifera L) were obtained from local market

Hail City, KSA. The seeds were dried and powdered. The

grape seed powder was extracted according to the method

of Hasona et al. [5].

Experimental Animals

Adult male Wistar rats weighing between 120 and 130 g,

obtained from the animal house of the College of Phar-

macy, King Saud University (Riyadh, KSA) were used in

the current study. Rats were housed in well-aerated stan-

dard cages at a normal atmospheric temperature

(25 ± 2 �C) and normal 12 h light/dark cycle and were

kept under observation for 1 week for acclimatization.

They were supplied daily with standard pellet diet of

known composition and given access to water ad libitum.

All animal procedures and policies were approved by the

Animal Care and Institutional Ethics Committee, College

of medicine, Hail University, KSA.

Animal Grouping and Treatments

Thirty-two rats were used to study the protective effects of

grape seed extract against DEX-induced liver injury.

According to the study protocol, animals were divided into

four groups as follows:

• Group 1: Animals were given a subcutaneous injection

of normal saline three times per week for four

consecutive weeks.

• Group 2: Animals were given a subcutaneous injection

of 0.1 mg/kg/day dexamethasone [12] three times per

week for four consecutive weeks.

• Group 3: animals were given dexamethasone and also

received GSE (200 mg/kg BW) by oral gavage [5]

three times per week for four consecutive weeks.

• Group 4: animals were given dexamethasone and also

received GSE (400 mg/kg BW) by oral gavage [5]

three times per week for four consecutive weeks.

Rats were sacrificed by cervical decapitation under light

ether anesthesia [2]. Approximately 0.2 ml of the blood

was drawn into tubes containing anticoagulant (EDTA)

shaken and taken for hematological analysis. Remaining

blood samples were collected, left to coagulate and then

centrifuged at 3000 rpm for 15 min. The clear non-he-

molyzed serum was quickly removed and kept at - 20 �C
for analysis. The liver was quickly removed, rinsed with

ice-cold saline, washed, and kept frozen in liquid nitrogen.

Frozen samples (10% w/v) were homogenized in cold

phosphate-buffered saline (PBS) and the homogenates

were centrifuged at 3000 rpm for 10 min [5]. The clear

homogenates were collected and stored at - 80 �C for

subsequent assays.

Hematological Analysis

Hematological profile (Erythrocytes, white blood cells,

hemoglobin concentration, and platelets) were determined

by using automated (SYSMX.KX-21n) hematology

analyzer.

Biochemical Analysis

The activities of ALT, AST, and ALP were assayed

according to the enzymatic colorimetric methods of [13]

and [14] respectively. Serum levels of total cholesterol,

triglycerides and HDL-cholesterol were assayed following
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the methods of [15], [16] and [17], respectively. LDL-C

was calculated according to Friedewald et al. [18].

Oxidative Stress and Antioxidant Defenses Markers

Lipid peroxidation was assayed in liver homogenates by

measurement of malondialdehyde (MDA) levels according

to the method of Ohkawa et al. [19]. The activities of

superoxide dismutase (SOD), and catalase (CAT) were

measured according to the methods of [20] and [21]

respectively.

Histopathological Study

Liver samples from each group were fixed in 10% buffered

formalin after washing with cold normal saline for

histopathological studies. The liver was embedded in

paraffin; then sections were cut and stained with hema-

toxylin and eosin (H&E) according to the method of [22].

The stained slides were examined under light microscope.

Statistical Analysis

Data were done by one-way analysis of variance followed

by Duncan’s Multiple Range Test as a post hoc test at the

5% probability level. The SPSS version 23 was used to

analyze data. The significance level was regarded as

P\ 0.05. All data were presented as mean ± SE.

Results

Table 1 depicts the effect of DEX and GSE on liver

function parameters in dexamethasone-induced rats. Dex-

amethasone-induced rats exhibited significantly

(P\ 0.001) elevated liver enzymes (ALT, AST, and ALP)

activities. The treatment of the DEX-induced rats with

either 200 or 400 mg/kg grape seed extract significantly

(P\ 0.001) decreased liver function enzymes (ALT, AST,

and ALP) activities.

Table 2 summarizes the effect of dexamethasone and

GSE on serum lipid profile parameters in DEX-induced

rats. In the present study, dexamethasone-induced rats

exhibited marked (P\ 0.001) elevation in serum choles-

terol, triglycerides, and LDL-cholesterol level as compared

to that of normal rats. Both GSE doses administered after

DEX significantly (P\ 0.001) alleviated cholesterol,

triglycerides, and LDL-cholesterol levels. On the other

hand, dexamethasone induced rats showed a significant

(P\ 0.001) decline in serum HDL-cholesterol, an effect

that was significantly (P\ 0.001) reversed by GSE, as

depicted in Table 2.

With respect to oxidative stress as depicted in Table 3,

administration of dexamethasone significantly (P\ 0.001)

reduced antioxidant enzymes SOD and CAT and elevated

lipid peroxidation marker MDA level in liver homogenate

of DEX control animals. Treatment with low and high

doses of GSE (200 and 400 mg/kg BW) restored SOD and

CAT enzyme activities with a decline in MDA level when

compared with that of DEX control group animals. Treat-

ment with a high dose of GSE (400 mg/kg BW) seemed to

be more effective in ameliorating antioxidant enzymes.

Table 4 depicts the effect of dexamethasone and GSE on

hematological parameters in DEX-induced rats. The dex-

amethasone-treated rats exhibited a significant elevation in

hematological parameters compared to normal control rats.

The data showed that GSE treatment with either 200 or

400 mg/kg showed a significant improvement in RBC,

WBC, and PLT counts; also, Hb level reversed to near

normal level. The GSE extract alleviated the adverse

effects on WBC, Hb, RBC, and PLT counts caused by

dexamethasone.

Microscopic examination of liver sections showed nor-

mal hepatocyte without any pathological changes in normal

group (Fig. 1a). On the other hand, the liver sections of

DEX-induced rats’ revealed remarkable histopathological

alterations, and degenerative changes including cytoplas-

mic vacuolization of hepatocytes due to fatty change all

over the hepatocytes with leucocytic infiltration in the

portal area, as depicted in Fig. 1b and c. Treatment of the

DEX-induced rats with 200 mg/kg (Fig. 1d) and 400 mg/

kg (Fig. 1e) doses of GSE produced remarkable amelio-

ration the liver tissue architecture. Only slight small fatty

Table 1 Effect of GSE on liver

function parameters in DEX-

induced rats (n = 8)

(Mean ± Std. Error)

Parameters G1 G2 G3 G4 F-ratio P value

ALT (U/L) 65.63a ± 2.06 161.50c ± 4.84 115.38b ± 2.15 70.88a ± 3.25 187.05 P\ 0.001

AST (U/L) 47.00a ± 2.29 192.13d ± 3.69 139.88c ± 2.29 84.75b ± 2.81 504.49 P\ 0.001

ALP (U/L) 78.25a ± 3.45 336.00d ± 4.00 160.50c ± 2.76 121.13b ± 2.38 1241.77 P\ 0.001

The different letters indicate statistically different means according to Duncan multiple range test

ALT alanine transaminase, AST aspartate transaminase, ALP alkaline phosphatase, G1 normal control

group, G2 dexamethasone control group, G3 dexamethasone ? GSE (200 mg/kg BW), G4 dexametha-

sone ? GSE (400 mg/kg BW)
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vacuoles in hepatocytes of 200 mg/kg GSE supplemented

animals was observed (Fig. 1d).

Discussion

The current work deals with the effect of dexamethasone

administration on rat liver, as well as the putative ame-

liorative afforded by grape seed extract. In the current

investigation, DEX-induced hepatotoxicity is apparent by a

remarkable elevation in serum activities of ALT, AST, and

ALP. These findings are in agreement with our recent study

representative elevated liver marker enzymes in serum of

DEX-intoxicated rats [5]. The activities these enzymes are

sensitive indications of liver damage and directly related to

the degree of injury [2].

The hepatotoxicity induced by DEX was further con-

firmed by the remarkable histopathological alterations and

degenerative changes including cytoplasmic vacuolization

of hepatocytes due to fatty change all over the hepatocytes

with leucocytic infiltration in the portal area. Our results in

the line of those of Safaei et al. [23] who showed that

DEX-induced inflammatory cells infiltration, severe hepa-

tocyte degeneration, and necrosis.

Administration of the DEX-induced rats with either dose

of GSE significantly ameliorated serum activities of liver

enzymes in a dose-dependent manner, indicating the ben-

eficial role of GSE to counteract the DEX-induced liver

injury. Moreover, GSE markedly alleviated the liver tissue

Table 2 Effect of GSE on lipid profile in DEX-induced rats (n = 8) (Mean ± Std. Error)

Parameters G1 G2 G3 G4 F-ratio P value

Cholesterol (mmol/l) 2.33 ± 0.17a 4.69 ± 0.21d 3.68 ± 0.14c 3.13 ± 0.10b 39.10 P\ 0.001

Triglycerides (mmol/l) 0.50 ± 0.04a 1.05 ± 0.03c 0.61 ± 0.03b 0.56 ± 0.03ab 61.52 P\ 0.001

HDL-cholesterol (mmol/l) 1.05 ± 0.04b 0.85 ± 0.03a 0.96 ± 0.03b 1.02 ± 0.03b 7.38 P\ 0.001

LDL-cholesterol (mmol/l) 1.05 ± 0.11a 3.36 ± 0.22d 2.45 ± 0.15c 1.85 ± 0.11b 39.59 P\ 0.001

The different letters indicate statistically different means according to Duncan multiple range test

HDL high-density lipoprotein, LDL low-density lipoprotein, G1 normal control group, G2 dexamethasone control group, G3 dexametha-

sone ? GSE (200 mg/kg BW), G4 dexamethasone ? GSE (400 mg/kg BW)

Table 3 Effect of GSE on antioxidant parameters in DEX-induced rats (n = 8) (Mean ± Std. Error)

Parameters G1 G2 G3 G4 F-ratio P-value

CAT (lmol H2O2/min/mg Protein) 146.56 ± 3.15d 56.72 ± 2.86a 89.83 ± 2.16b 107.05 ± 3.10c 172.55 P\ 0.001

SOD (U/g tissue) 22.09 ± 0.93d 10.44 ± 0.42a 12.97 ± 0.58b 16.76 ± 0.82c 49.96 P\ 0.001

MDA (nmol/100 mg) 18.33 ± 0.72a 50.33 ± 1.12d 33 ± 1.13c 27.81 ± 1.06b 172.60 P\ 0.001

The different letters indicate statistically different means according to Duncan multiple range test

CAT catalase, SOD superoxide dismutase, MDA Malondialdehyde, G1 normal control group, G2 dexamethasone control group, G3 dexam-

ethasone ? GSE (200 mg/kg BW), G4 dexamethasone ? GSE (400 mg/kg BW)

Table 4 Effect of GSE on hematological parameters in DEX-induced rats (n = 8) (Mean ± Std. Error)

Parameters G1 G2 G3 G4 F-ratio P-value

RBC (9 106/ll) 7.70 ± 0.22a 8.91 ± 0.28b 8.12 ± 0.11a 7.99 ± 0.22a 5.72 P\ 0.01

Hb (g/dL) 14.35 ± 0.16a 15.98 ± 0.40c 15.19 ± 0.19b 14.30 ± 0.12a 10.82 P\ 0.001

WBC (103/lL) 8.80 ± 0.60a 10.93 ± 0.44b 9.99 ± 0.10a 9.50 ± 0.26a 5.18 P\ 0.01

PLT (103/lL) 614.88 ± 15.81a 842.00 ± 35.45c 731.13 ± 22.25b 654.63 ± 15.22a 17.90 P\ 0.001

Data are expressed as mean ± SE; the different letters indicate statistically different means according to Duncan multiple range test

RBC red blood cell, Hb hemoglobin, WBC white blood cell, PLT platelets, G1 normal control group, G2 dexamethasone control group, G3

dexamethasone ? GSE (200 mg/kg BW), G4 dexamethasone ? GSE (400 mg/kg BW)
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architecture, where it was able to get back the normal liver

histology. Only slight cytoplasmic vacuolization was

observed. Consistent with our results, Zou et al. [24] found

that GSE decreased serum transaminases in CCl4-induced

hepatotoxicity in mice.

DEX-administration provoked a significant elevation in

serum levels of total cholesterol, triglycerides and LDL-c-

holesterol and adecline inHDL-cholesterol,which indicated a

dexamethasone impact on lipid profile. Our findings are in

agreement with [25] who showed that dexamethasone

administration induced a remarkable alteration in lipid profile.

DEX-administration is known to cause an elevation in

the secretion of VLDL by the liver and stimulate VLDL

formation by the intestine, so an imbalance in lipid meta-

bolism occurred due to the low level of hepatic lipoprotein

lipase inhibit removal of VLDL leading to elevation of

triglyceride level [25].

In the current finding, administration of the DEX-in-

duced rats with either dose of GSE has significantly nor-

malized the serum level of cholesterol, triglyceride, and

LDL-cholesterol and a remarkable increase in the level of

HDL-cholesterol in a dose-dependent manner, indicating

the ameliorative effect of GSE against hyperlipidemia

induced by dexamethasone. Antihyperlipidemic effect of

GSE due to an active ingredient, like polyphenol which

inhibits absorption of triglyceride from the intestine, by

inhibition of pancreatic lipase and stimulates lipoprotein

lipase activity.

Regarding the oxidative stress, DEX-administration

induced oxidative stress as indicated by the elevated hep-

atic lipid peroxidation marker MDA and a concomitant

decline in activities of hepatic antioxidant enzymes SOD

and CAT. Our findings were in agreement with the findings

of [5] who stated that Oxidative stress is a major cause of

dexamethasone-induced liver injury due to the extreme

production of free radicals.

Supplementation with either dose of GSE potentially

reduces lipid peroxidation (MDA) and tends to bring the

activities of the antioxidant enzymes (SOD, CAT) to the

normal level. These findings were consistent with [26]. The

antioxidant properties of GSE attributed to the catechin and

epicatechinwhich are themajor phenolic compounds inGSE

[27], where catechin inhibits the oxidation of plasma lipids

and, epicatechins are able to scavenge hydroxyl radicals,

peroxyl radicals, and superoxide anion radicals.

Regarding, hematologic markers which can be used as

valuable tools in evaluating physiological changes and

good indicators of deleterious effects of drugs. DEX-ad-

ministration induced leukocytosis and a remarkable

increase in hemoglobin and red cell content. Our results are

consistent with those of others [28] who state that gluco-

corticoid administration results in increased

Fig. 1 Effect of GSE on histological changes in liver of DEX-

induced rats. Photomicrographs of H&E-stained liver sections of

normal rats (a), DEX-induced rats revealing leucocyte infiltration,

congestion, hepatic fatty vacuoles and cytoplasmic vacuolization of

hepatocytes (b, c), DEX-induced rats treated with 200 mg/kg GSE,

showing slight small fatty vacuoles (d), DEX-induced rats treated

with 400 mg/kg GSE (e). (The original magnification was 920)
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polymorphonuclear leukocytes in the blood due to an

increased rate of the entrance from marrow and a decreased

rate of removal from the vascular compartment.

Administration of the DEX-induced rats with either dose

of GSE significantly improved the hematological parame-

ters compared with rats treated with dexamethasone alone.

Our results in the line of those of Abdou and Wahby [29]

who demonstrated that GSE administration improves the

hematological alteration induced by Triton.

Overall, DEX-induced hepatotoxic, hyperlipidemic and

hematological alterations effects which were evidenced by

elevation in the activities of liver enzymes and lipid profile in

serum and decreases in antioxidant activities in liver

homogenate in addition to liver histological perturbances.

However, the GSE seemed to be more effective in amelio-

rating oxidative stress, hyperlipidemia and hematological

alterations induced by dexamethasone. Further studies are

needed to shed light on the molecular mechanisms that

explain effects of GSE on gene expression in hepatotoxicity.
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