The Pharmaceutical and Chemical Journal, 2019, 6(1):37-45

Available online www.tpcj.org

"h-m g (T
’e :‘?’3)\\%%\ ISSN: 2349-7002

\i%\_‘}ﬁg' Research Article CODEN(USA): PCIJHBA

Investigations of the Possible Utility of Wheat Germ Oil versus Diclofenac Sodium Induced
Liver Toxicity in Rats

Ahmady Y Ahmed*, Amany M Gad, Ola M Abd El-Raouf

Department of Pharmacology, National Organization for Drug Control and Research, NODCAR, Giza, Egypt
*Corresponding author, e-mail: kamare_ahmady@yahoo.com

Abstract Diclofenac (DICLO) is a non-steroidal anti-inflammatory (NSAID) drug, used as an analgesic and
antipyretic agent. Hepatotoxicity is uncommon with NSAIDs but with diclofenac becomes lethal complication.
Wheat germ oil (WGO) is a potent antioxidant. Therefore, twenty four male rats were divided into four groups. First
group served as control, second group received WGO (270 mg/kg, p.o.). Third group received DICLO (100 mg/kg,
IM.), and fourth group received WGO followed by DICLO for 5 days. DICLO elicited a significant increase of liver
enzymes, malondialdehyde (MDA), nitric oxide (NO), tumor necrosis factor alpha (TNF- o), and Caspase-3 (Casp-
3) levels associated with a significant decline in glutathione reduced (GSH) content and Catalase activity, However,
co-administration of WGO with DICLO evoked decrease of liver enzymes, MDA, NO, TNF- a, and Casp-3 levels,
increased Catalase activity and GSH content. Eventually, we concluded that, WGO has ability to protect the liver
against DICLO hepatotoxicity.
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Introduction

One of the most important discoveries in field of medicine was synthesis of diclofenac (DICLO) which is a phenyl
acetic acid derivative and a potent widely prescribed non-steroidal anti-inflammatory painkiller for treatment of
human and animals. [1] It is used for management and symptomatic treatment of inflammation, fever associated
with diseases or injuries [2]. DICLO is used in rheumatoid arthritis, osteoarthritis, ankylosingspondylitis, ureteric
colic and surgical division controlling of dentistry, musculoskeletal, postoperative pain and acute attacks of gout [3-
6]. Also, it may be used for curing of fetal developmental problems and prevention of premature birth, [7]
antibacterial action through DNA synthesis inhibition [8] and produces its therapeutic effects through prostaglandin
synthesis inhibition. [9,10] But shows some strange and life threatening effects like peptic ulceration,
gastrointestinal bleeding, hepatotoxicity, renal papillary necrosis, renal failure, bone marrow toxicity and
retardation of spermatogenesis [11-13].

DICLO is biotransformed by liver microsomal enzymes into 4-hydroxy diclofenac and other hydroxylated form by
what is called glucoronidation and sulfation then excreted through urine and bile [14]. Its metabolites result in
synthesis of reactive oxygen species, mitochondrial impairment and NADPH oxidation inducing hepatotoxicity [15].
Liver is the most vital large internal organ in the body, it has a major role in the metabolism and detoxification of
xenobiotic [16]. Hepatic damage is related to deviation in these functions [17]. Due to absence of reliable
hepatoprotective drugs, herbs play important role in regulation of liver disorders [18]. In recent years, there is an
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increasing demand for extraction of antioxidants from natural sources resulting from the potential health hazards of
some synthetic antioxidant [19].

Wheat germ is the highest nutritional value of wheat kernel [20]. Wheat germ oil (WGO) is an excellent natural
antioxidant derived from wheat germ [21-23]. WGO is an excellent source of and vitamin E, the most powerful
natural antioxidant [24] and is also rich in polyunsaturated fatty acids, mainly a-linolenic, linoleic, and oleic acids
those may attenuate oxidative stress [25]. Furthermore, WGO is rich in functional phytochemicals, mainly
glutathione, flavonoids, sterols and octacosanols [20]. So that, WGO is very important for protection of different
body tissues, especially hepatocytes, against oxidative stress and inflammation [26]. Previously, WGO has been
attenuated the hepatotoxicity of doxorubicin and Cyclosporin-A [27,28]. Thus, it was very important to investigate
the protective activity of WGO against DICLO-induced hepatotoxicity in rats.

Material and Methods

Drugs and chemicals

Diclofenac sodium (Diclophen) ampoules (75 mg/3ml) was purchased from pharco pharmaceutical Co. (Alexandria
Egypt). WGO was purchased from Sigma-Aldrich (St. Louis, MO).

Animals

Twenty four adult male albino rats, average body weight 200+ 20 gm were used for this experiment. Rats were
obtained from the breeding Colony of the National Organization for Drug Control and Research (NODCAR) (Giza,
Egypt). Rats were housed in stainless-steel cages and kept at standard hygienically environmental and nutritional
conditions throughout the experiment, allowed chow diet and water ad-libitum and rats were left for 7 days for
acclimatization before the beginning of the experiment. The investigation complies with the Guide to Care and Use
of experimental Animals. The standard guidelines of NODCAR were followed in handling the experimental animals
and this by conforming to the Guide for Care and Use of Laboratory Animals published by the U.S. National
Institutes of Health (NIH publication no. 85-23, revised 1996).

Experimental design

Twenty four adult albino rats divided into four equal groups; the first group served as control. The second group
received WGO (270 mg/kg b wt./day, p.o.) [26]. Third group received DICLO (100 mg/kg b wt./day, IM) [29] and
the fourth group received WGO followed by diclofenac for 5 days. Twenty-four hours after the last treatment,
animals were anesthetized, blood samples were prepared for sorting of serum for estimation of liver parameters,
Rats were sacrificed by cervical disclosure and liver was dissected, weighed and washed with ice-cold saline.
Specimens of each tissue was homogenized in phosphate buffered saline (pH=7.4) to get 10 % homogenate and the
obtained aliquots were stored at —80°C until used for biochemical analysis. In addition, a specimen of each liver
tissue was fixed in 10% formalin for histopathological examination.

Estimation of liver enzymes (ALT and AST) in serum
The separated serum was used for estimation of alanine aminotransferase (ALT), and aspartate aminotransferase
(AST) levels and determined colorimetrically using available commercial kits (Biodiagnostics, Cairo, Egypt).

Estimation of Albumin and total protein in serum
Stanbio Laboratory Kits (Boerne, TX, USA) were utilized for the determination of the serum albumin and the total
protein levels.

Estimation of oxidative stress markers
10% homogenate was used for the assessment of oxidative stress markers namely; Malondialdehyde (MDA),
reduced glutathione (GSH), nitric oxide (NO) levels and catalase (Cat) activity. All were estimated using a
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commercial kits (Biodiagnostic, Cairo, Egypt) in accordance with the manufacturer's instructions. The absorbance
was measured using a UV-VIS Spectrophotometer (Shimadzu, Tokyo, Japan).

Estimation of inflammatory marker in liver homogenate
Rat tumor necrosis factor alpha (TNF-a) concentration was measured according to the manufacturers’ instructions
using the rat ELISA kit obtained from RayBiotech® Co. Ltd. (RayBiotech, Inc., USA).

Estimation of apoptotic markers in liver homogenate

Caspase-3 activity was detected in the liver homogenates using ELISA kit (Cusabio Life Science, Inc., China). The
manufacturer's instructions were followed precisely and the developed color was measured spectrophotometrically
at 450 nm immediately.

Histopathological study

Autopsy samples were taken from the liver of rats in different groups and fixed in 10 % formal saline for twenty
hours. Washing with tap water then serial dilutions of alcohol (methyl, ethyl and absolute ethyl) were used for
dehydration. Specimens were cleared in xylene and embedded in paraffin at 56 degree in hot air oven for twenty
hours. Paraffin bees wax tissue blocks were prepared for sectioning at 4 microns thickness by sledge microtome.
The obtained tissue sections were collected on glass slides, deparaffinized and stained by hematoxylin & eosin stain
for examination under light electric microscope [30].

Statistical analysis
Data are expressed as Mean £ SEM. Graphs were prepared using GraphPad Prism and data was subjected to analysis
of variance (ANOVA) followed bythe Tukey post-hoc test. Values are considered statistically significant at P<0.05.

Results

Effect of daily administration of WGO on liver enzymes (ALT and AST) as well as Albumin and Total
protein

Diclofenac sodium injection induced marked hepatic damage proved by the significant elevations in serum ALT &
AST activities by 224% and 52%, respectively as compared to control group, while, co-treatment with WGO
abolished this elevation by 67% and 24%, respectively as compared to DICLO group. However, injection of
diclofenac sodium disrupted the synthetic functions of the liver, as evidenced by the significant reduction of serum
albumin and total protein levels by 31% and 35%, respectively as compared to control group. On the other hand,
WGO co-treatment counteracted this reduction Table (1).

Table 1: Effect of WGO on liver enzymes (ALT and AST) as well as Albumin and Total protein

Groups ALT AST Albumin  Total protein
(U/L) (U/L) (g/dI) (g/ dI)

Control 32.13+2.8 35.50+4.97 4.40+0.15 6.21+0.41

Wheat Germ Oil 33.06+2.9 45.00+0.40 3.60+0.06 5.74+0.11

(WGO)

Diclofenac (DICLO) 110.6+4.8° 54.50+0.50° 3.02+0.04* 3.40+0.10°

WGO +DICLO 35.78+1.7° 40.75+0.94° 4.06+0.22° 6.54+0.29"

Data represents mean of 6 rats + SEM.
®significant from control and DICLO, respectively. Statistical analysis was carried out by one-way ANOVA
followed by Tukeypost-hoc test. Values are considered statistically significant at P<0.05.

Effect of daily administration of WGO on oxidative stress parameters
Diclofenac sodium injection induced a significant decrease in GSH content (51%) and catalase activity 43%,
respectively, associated with a significant elevation of MDA 462% and nitrite/nitrate (NOXx) levels 345%,
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respectively, as compared to control group. Treatment of animals with WGO concomitantly with Diclofenac sodium
afforded a significant protection against DICLO intoxication as it could restore the normal GSH level and catalase
activity. Besides, it reduced MDA level and returned NOX level to nearly normal values (Figure 1a-1D).
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Figure 1A-1D: Effect of daily administration of WGO on oxidative stress parameters
Data represents mean of 6 rats + S.E.M. ® Significant from control and DICLO, respectively. Statistical analysis
was carried out by one-way ANOVA followed by Tukeypost-hoc test. Values are considered statistically significant
at P<0.05.

Effect of daily administration of WGO on hepatic tumor necrosis factor alpha (TNF-a)

Administration of diclofenac sodium (100 mg/kg, .M for) significantly increased TNF-a level by (226%) as
compared to control group. However, administration of WGO concomitantly with DICLO significantly decreased
TNF-a level by (65%) as compared to DICLO group (Figure 2).
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Figure 2: Effect of daily administration of WGO on hepatic tumor necrosis factor alpha (TNF-a)

Effect of daily administration of WGO on hepatic caspase -3 (Casp-3)

Administration of diclofenac sodium (100 mg/kg, 1.M) significantly increased caspase-3 level by 282% as compared
to control group. However, administration of WGO concomitantly with DICLO significantly decreased caspase-3
level by (51%) as compared to DICLO group (Figure 3).
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Figure 3: Effect of daily administration of WGO on hepatic caspase-3 (Casp-3)
Data represents mean of 6 rats + S.E.M. ® Significant from control and DICLO, respectively. Statistical analysis
was carried out by one-way ANOVA followed by Tukeypost-hoc test. Values are considered statistically significant
at P<0.05.

Histopathological Examination by H&E

Liver sections of rat from control group showed normal histological structure of hepatic lobule and no pathological
changes, liver of rats from WGO group elicited typical histological structure of hepatic lobule, while liver sections
of rats treated with DICLO evoked cytoplasmic vacuolization of hepatocytes and fibroplasia in the portal triad as
well as the liver pieces of rats treated with WGO and DICLO illustrated slight degeneration of some hepatocytes (H
& E X 400) (Figure 4).
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Figure 4: Representative photomicrographs of liver sections stained with H&E (X400)
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Discussion

Liver is the main machine of diclofenac biotransformation. Metabolites of diclofenac are excreted in the bile (35%)
[30], therefore, it is hepatotoxicant [31]. 40 hydroxy 3 diclofenac, 50 hydroxy 4 diclofenac and 50 hydroxy 6
diclofenacare the main diclofenac metabolites responsible for hepatotoxicity [32]. Previous studies evoked that
diclofenac produces reactive oxygen species (ROS) in the liver resulting in oxidative stress followed by cell damage
[33]. Diclofenac causes cellular damages including hepatic degenerative changes [34,35]. Significant alterations in
the biochemical parameters used as indicators for toxicity. In this investigation, administration of diclofenac sodium
induced a significant increase in ALT, AST, MDA,NO, and Caspase-expression associated with a significant
decrease in total protein and albumin, furthermore, a decline of GSH and Catalase contents, these results were
confirmed by histopathological picture and in line with the research of [36-46] who reported that, elevations of
ALT, AST and ALT/AST as well as inhibition of aloumin and total protein are coincide with severity of
hepatocellular damages due to aminotransferases are intracellular enzymes so, hepatocellular rupture results in
escaping of these enzymes into the circulation which agreed with the results of our study. The increase in MDA may
result from lipid peroxidation induced by diclofenac such as result reported by [44] who showed that Cyclosporins-
A lead to changes in the permeability of cell membrane. Also, [41] showed that, diclofenac sodium induced a
significant reduction in reduced glutathione (GSH) levels and increase in malondialdehyde (MDA) content in liver
homogenates similar to our findings. Hepatic damage has been elicited to be associated with induction of the pro-
oxidant enzyme iNOS [47] producing NO. Our histopathological observations resemble to those studied by [41,47]
who evoked alterations in the hepatic histological picture.

Herbal extractions are being increasingly used to overcome a variety of liver diseases [49]. Wheat germ oil has the
ability for reducing oxidative stress and improves metabolism of lipid.[50] Moreover, administration of WGO lead
to a rapid increase in vitamin E content in the liver and results in strong antioxidant protection to hepatic tissues
[51,52, 21]. may be due to WGO is the richest natural dietary source of a-Tocopherol which is a potent oxidant
collector preventing the aggregation of ROS in biological membranes of cell. Also, the biological activity of natural
a-Tocopherol is more potent than synthetic one [53]. In present investigation wheat germ oil decreased AST, ALT,
MDA, NO, and Casp-3 as well as increased GSH, Cat and improved the histopathological picture agreed with [26]
who reported that, wheat germ oil reduces MDA level. Similar to [50] elicited that, administration of a-Tocopherol
resulted in a decline in MDA, TNF-a, and IL-6 levels as well as elevation of GST, SOD and CAT as well as GSH
concentration comparing with endotoxin group, due to a-Tocopherol is a lipophilic antioxidant protecting
hepatocytes as stated by [51,54] who showed the supportive role of a-Tocopherol versus lipid peroxidation in
membranes of mitochondria. WGO stimulates the tocopherol-mediated redox system inhibiting Prostaglandins
synthesis, which is responsible for peroxidation of lipid [55].

Conclusion

Our observations elicited that, WGO was effective in ameliorating the histopathological alteraions and Casp-3 were
caused by diclofenac sodium in the liver as mentioned by [56] giving to us clear vision about protection effect of
WGO.
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