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Abstract

Introduction: The aim of the current study is to evaluate the antihyperlipidemic and anti-
oxidative effects of hydro-alcoholic extract of marjoram (HAEM) in rats fed with a high-fat diet
(HFD).

Methods: In the experimental study, the rats were randomly divided into four groups of
five rats in each and fed with high-fat diet for 12 weeks as follows: One group (normal diet group)
was fed with a standard diet, one group was fed with HFD, and two groups were fed with HFD and
orally fed with 150 and 450 mg/kg/day HAEM. The serum samples and liver tissues were used for
measuring the biochemical and oxidative parameters and histopathological studies. HFD induced
hepatosteatosis in rats as evidenced by the altered liver enzymes activity, serum lipid profile and
oxidative status.

Results: Serum lipid profile (triglyceride, cholesterol and low-density lipoprotein) in
rats fed with HFD + HAEM (150 and 450 mg/kg/day) was significantly decreased. Furthermore,
the evaluation of oxidative stress showed a reduction of the malondialdehyde (MDA) level and
an increase in ferric-reducing anti-oxidant power. Meanwhile, liver enzyme activities declined in
response to HAEM.

Conclusion: Using the HAEM could be a future therapeutic agent in treating
hepatosteatosis and reducing oxidative damages of HFD in the liver.
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Introduction been identified as one of the major causes
of liver diseases (i.e., fibrosis, cirrhosis and

Non-alcoholic fatty liver disease (NAFLD), hepatocellular). in the wo.rld. (1). Studies: have
characterised by the triglycerides and cholesterol shown that diet has a significant role in the
accumulation within the hepatocytes, has pathogenesis of this disease. It is proven that the
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high-fat diet (HFD) is one of the risk factors for
NAFLD acting through inducing oxidative stress
(2, 3). The altered redox balance is suggested
to be involved in the occurrence of steatosis,
fibrosis, and steatohepatitis (4).

The existence of oxidative stress in NAFLD
can be explained by the role of mitochondria
in hepatic lipid metabolism. Mitochondria
are known with the ability to adapt the rate of
beta-oxidation based on the amount of lipid
accumulation in hepatocytes. However, following
the elevated delivery of substrates to the
mitochondria, the generation of reactive oxygen
species (ROS) increases that eventually may
result in mitochondria dysfunction. Depletion in
the rate of mitochondria function along with the
high rate of beta-oxidation causes generation of
incomplete oxidation products and increased
ROS, all of which could be involved in NAFLD
pathogenesis (5).

The altered redox status could lead to
hepatic damage by causing alteration of lipids,
proteins, and DNA contents. It also could affect
pathways that modulate normal biological
functions such as cell apoptosis and hepatic
stellate cell activation pathways. Therefore,
oxidative stress followed by lipid peroxidation
and inflammation could be responsible for
the disease progression and alteration in anti-
oxidant enzyme status (6—8).

Regarding the important role of oxidative
stress in NAFLD pathogenesis, the effectiveness
of several anti-oxidants has been examined in
treating NAFLD. Using natural anti-oxidants
has shown clear benefits in the biochemical
and histological improvement of NAFLD.
These anti-oxidants often provide potential
free-radical scavenging activities along with
anti-inflammatory abilities, which are crucial
factors in NAFLD treatment (7—9). It has been
demonstrated that many edible or medicinal
plants such as green tea (10), Curcuma longa
(11), Nigella sativa (12) and marjoram oil
(13) could protect the liver from oxidative
damage through their anti-oxidant activities.
Furthermore, Origanum majorana (known
as sweet marjoram) possesses potential
anti-oxidant capacity mainly because of its
polyphenolic compounds. Although this herb has
been cultivated in several countries, it is known
to be native to Mediterranean region. Origanum
majorana is a perennial bushy herb that grows
up to 30 cm—60 cm. Not only this plant has been
used for garnishing and flavouring but also it
has shown to be advantageous in traditional and
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herbal medicine. Therefore, different compounds
have been identified in this herb, each having its
own special pharmacological activity. To date, 31
polyphenols have been reported in marjoram.
Among them, Rosmarinic acid was identified
to be the strongest anti-oxidant polyphenol
mostly responsible for the anti-oxidant activity
of marjoram (14—16). The potential anti-oxidant
capacity of marjoram and its protective activity
against liver damage has been further proved by
other studies (17).

Despite the discussed studies about anti-
oxidants activity of marjoram, to the best of
authors’ knowledge, the in-vivo studies regarding
hepatoprotective properties of this natural
compound are limited. Hence, the aim of the
current study was to evaluate the anti-oxidant
activity and hepatoprotective properties of
hydro-alcoholic extract of marjoram (HAEM)
in non-alcoholic fatty liver induced by HFD
in rats. To this end, the effects of marjoram
treatment on the status of malondialdehyde
(MDA), thiol groups, catalase, superoxide
dismutase and myeloperoxidase were evaluated.
The hepatoprotective activity of marjoram
was further assessed by lipid profile and liver
tests including aspartate aminotransferase
(AST), alanine aminotransferase (ALT),
gamma-glutamyl transferase (GGT), alkaline
phosphatase (ALP) and bilirubin.

Materials and Methods

Animals

A total of 20 six-week-old male Wistar
rats with a body weight of 200 + 10 g (Animal
House, School of Medicine, Mashhad University
of Medical Sciences and Mashhad, Iran) were
tested in this study. They were housed at
23 + 1 °C with 12 h light/dark cycles with free
access to a standard diet and tap water.

Preparation of 70% Ethanolic Extract of
Marjoram

The Origanum majorana were purchased
from Imam Reza Pharmacy (Division of
Medicinal Plants, Mashhad, Iran) and identified
by Eng. Joharchi in the herbarium of Ferdowsi
University of Mashhad). A voucher specimen for
considered herb is 17987.

Origanum  majorana samples  were
powdered and then 200 g of dry powder of
marjoram leaves was stirred in 1200 mL 70%
(w/v) ethanol and shaken for 72 h at 37 °C. The
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mixture was filtered through 1 mm and 0.1 mm
filters, in the order of their appearance. The
solvent evaporation process was carried out at
37 °C. The final dried extract was kept at —20 °C
(18). The ethanol was evaporated and the extract
was concentrated to the desired level and stored
under —20 °Cuntil use.

Experimental Design

In the experimental study, the rats were
randomly divided into the following four
groups: i) normal control (NC) group; ii) HFD
group; iii)) HFD + HAEM (150 mg/kg/day)
group; and iv) HFD + HAEM (450 mg/kg/day)
group. The number of rats was the same (n =
6) in each group. To investigate the protective
activity of HAEM against NAFLD induced by
HFD, marjoram extract (150 or 450 mg/kg/
day) and/or HFD were administered to the
animals daily for 12 consecutive weeks. At the
end of the experiment, the rats were sacrificed
after 12 consecutive weeks of administering
their respective diets and 2 cc of their blood
was taken for biochemical analysis. Following
blood collection, the liver was excised and
rinsed in phosphate-buffered saline (PBS). For
histochemical analysis, the obtained sections
were placed in 10% formalin. The induction of
steatosis in rat through an HFD was assessed by
microscopic evaluation of hematoxylin and eosin
(H&E) stained sections. The remaining tissues
were utilised for tissue homogenate to perform
anti-oxidant assays.

Next, the liver (0.2 g) was scissor-minced,
washed with normal saline and homogenised
in ice solution containing 2 mL of 0.2 M
phosphate buffer (pH 7) with a homogeniser
device (T 18 B-Laboratory equipment, Germany).
Homogenates were centrifuged at 1100 g for
10 min at 4 °C to remove tissue remnants.
The supernatant was restored at —70 °C until
measuring the parameters. The samples were
analysed using the double-blinded method.

Ferric-Reducing Anti-Oxidant Power
Assay

The ferric reducing anti-oxidant power
(FRAP) assay determines the potency of anti-
oxidants in reducing the Fe3* to the blue
coloured Fe?* form in 2,4,6-tripyridyl-s-triazine
(TPTZ) complex. So, the FRAP reagent was
prepared by mixing 100 mL of phosphate buffer,
10 mL of TPTZ solution, 10 mL of FeCl, and 12

mL of distilled water at 37 °C in a water bath.
The assay was done according to the standard
procedure (19). Briefly, 1 mL of FRAP reagent
was added to 30 uL of the homogenate test
samples, the standards or the distilled water
as a blank. Following 4 min incubation at
37 °C, the absorbance of the samples was read by
spectrophotometer at 595 nm.

Biochemical Markers Assay

Hepatotoxicity activity of hepatic enzymes
(i.e., ALT, AST and ALP) was assessed using a
commercial kit from Pars Azmoon (Iran). The
activity of GGT was determined using a kit from
Biosystems (Iran). The levels of serum total
cholesterol, triglyceride (TG) and low-density
lipoprotein (LDL) were evaluated using the
Bionic kit (France). The level of bilirubin (total
and direct) was determined using a commercial
colorimetric kit from Pars Azmoon (Iran). Lipid
peroxidation was expressed as MDA content
by determining thiobarbituric acid reactive
substances (TBARS) through a colorimetric
method as described by Satoh (20).

Anti-Oxidant Enzymes Assay

The tissue homogenate was also utilised
to determine the anti-oxidant status. For
this purpose, the activity of catalase (CAT),
superoxide dismutase (SOD), thiol groups
and myeloperoxidase (MPO) were measured
in rats liver homogenate. The CAT activity
was determined according to the method
described by Aebi (21). This method is based
on the decomposition of H,0, to water-
mediated by CAT. This reaction is along with
the reduction of absorbance at 420 nm. The
SOD activity was measured as described by
Nishikimi et al. (22). The principle of this
method is based on the ability of SOD to inhibit
the reaction of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) with
superoxide anion produced through autoxidation
of pyrogallol. Thiol groups were measured
according to the method described by Hu and
Dillard (23). In this colorimetric method, the
Ellman’s reagent (5,5-dithio-bis-[2-nitrobenzoic
acid] or DTNB) reacts with sulthydryl groups to
form a complex. This reaction yields a colored
product with maximum absorption at 412 nm.
The activity of myeloperoxidase was measured
according to the method described elsewhere

(24).
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Histopathological Examination

Tissue specimens removed from animals
were preserved in 10% neutral buffered
formalin. Briefly, the formalin-fixed tissues were
dehydrated in different grades of alcohol and
cleared in xylene. Subsequently, the samples
were embedded in paraffin and 5 p-thick sections
were cut by a microtome. Finally, the prepared
sections were stained with H&E according to
Bancroft et al. (25).

Statistical Analysis

The SPSS 16 software package (SPSS
Inc., Illinois) was used in all the statistical
analyses conducted in this study. Data were
expressed as mean (+ standard deviation). The
data normalisation was investigated by the
Kolmogorov-Smirnov test. Statistical analysis
was performed using a one-way analysis of
variance (ANOVA) followed by Dunnett’s two-
sided post hoc test for multiple comparisons.
The P < 0.05 was considered to be statistically
significant.

Results

Induction of Steatosis in Rat through a
High Fat Diet

Rats were sacrificed after 12 consecutive
weeks of administering their respective diets.
Liver steatosis was assessed by microscopic
evaluation of H&E stained sections.

The stained sections demonstrated the
increasing degree of steatosis in rats with HFD
evident by the vacuolation in hepatocytes
(Figure 1). However, both HFD +
HAEM (150 mg/kg/day) and HFD + HAEM
(450 mg/kg/day) groups showed a pattern
similar to that of the NC group.

Anti-Oxidant Enzymes

Assessing thiol groups and SOD and
CAT status presented increased levels in
both treatment groups; however, it was not
statistically significant. Interestingly, the amount
of thiol groups was elevated after treatment as
compared with the control group. Nevertheless,
the SOD and CAT levels did not reach the
control levels after the treatment. Rats treated
with marjoram at doses 150 mg/kg/day and
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450 mg/kg/day showed a significant decline in
MDA levels. However, the levels of MDA did not
reach NC levels. The levels of MPO decreased
quite similarly in both treatment groups but
it did not reach the statistical significance
(Figures 2—6).

FRAP Assay

FRAP was significantly different between
both treatment groups and HFD. As shown
in the chart, the HFD group presented lower
anti-oxidant capacity in comparison with
the control group (P < 0.001), as expected.
Moreover, both treatment groups (150 mg/kg/
day and 450 mg/kg/day) showed significantly
higher anti-oxidant capacity as compared with
the HFD group (P < 0.001) (Figure 7).

Lipid Profile and LDL

As expected, the HFD presented higher
levels of TG as compared with the control
group (P < 0.05). Also, both treatment groups
(150 mg/kg/day and 450 mg/kg/day)
demonstrated  that marjoram  treatment
significantly reduced the levels of TG in NFALD
rats (P < 0.001).

The chart shows that cholesterol levels
increased in the HFD group compared to
the control group, although statistically
nonsignificant. Nevertheless, compared with the
HFD group, the levels of cholesterol were lower
in one treatment group (450 mg/kg/day) but not
the other one (150 mg/kg/day).

The levels of LDL were different between
both treatment groups and the HFD group.
However, the low dosage of marjoram
(150 mg/kg/day) showed a non-significant result
than the high dosage (450 mg/kg/day) (Table 1).

Hepatic Enzyme and Bilirubin

The levels of ALT and AST notably
decreased in both treatment groups as compared
with the HFD group. However, the ALT and
AST levels did not reach the control levels after
treatment.

Similarly, ALP concentration, compared
with the HFD group, showed a remarkable
difference in both treatment groups (P < 0.001).
Furthermore, the ALP levels reach control levels
after treatment. The difference between the
HFD group and control groups was statistically
significant (P < 0.001).
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Figure 1. H&E stained sections of the sacrificed rats’ liver at at 400x magnification. (A) Control group with
normal hepatic tissue, (B) HFD group with vacuolation in hepatocytes presented the steatosis,
(C) HFD + HAEM group (150 mg/kg/day) presented normal hepatic tissue, (D) HFD + HAEM group
(450 mg/kg/day) presented normal hepatic tissue
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Figure 2. Effect of HAEM on catalase activity in rats liver homogenate
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Figure 3. Effect of HAEM on myeloproxidase activity in rats liver homogenate
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Figure 4. Effect of HAEM on Thiol content in rats liver homogenate
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Figure 7. Effect of HAEM on FRAP (anti-oxidant power test) in rats liver homogenate
Notes: ***P < 0.001 compared to control; ###P < 0.001 compared to HFD-treated group group

Table 1. Effect of HAEM on the serum lipid profile and liver enzymes in HFD-treated rats.

NC group HFD group HFD + HAEM HFD + HAEM
(150 mg/kg/day) (450 mg/kg/day)

TG (mg/dL) 79.8(4.9) 95.8(5.0) 53.4(14.3)*** 36.6(10.2)*#*
Cholesterol (mg/dL) 76(7.3) 83.2(5.5) 77.6(9.6) 71.2(7.9)
LDL (mg/dL) 15.8(3.5) 29.8(5.1) 19.2(2.9) 21.4(4.9)
Bilirubin (mg/dL) 0.2(0.0) 0.26(0.04) 0.22(0.04) 0.22(0.04)
AST(IU/L) 196(33.9) 414(57.9)™" 201(52.7)** 236.2(30.3)***
ALT(IU/L) 76.68(8.9) 224.6(62.6) 148.2(29.5) 134.6(37.7)
ALP(IU/L) 266.4(46.2) 422.4(58.0)™ 256.4(38.0)*** 240(19.2)***
GGT(U/L) 1(0.6) 2(0.9) 1.2(0.4) 1.4(0.5)

Notes: Values are expressed as mean (standard deviation); *P < 0.050; **P < 0.010; ***P < 0.001 compared to control; #P < 0.050;
##P < 0.010; ###P < 0.001 compared to HFD-treated group

TG: F, ,=7.8, P < 0.001; Cholesterol: F, ,,,=0.4, P > 0.05; LDL: F, ,(,=2.0, P > 0.05; Bilirubin: F, ,;,=0.5, P > 0.05; AST: F, ,;)=5.1,
P <o0.01; ALT: F, ,=2.3, P > 0.05; ALP: F(, (=3.9, P < 0.05; GGT: F, ,,,=0.4, P > 0.05
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As the chart presents, the levels of GGT
decreased in both treatment groups compared
with the HFD group; however, the difference was
not statistically significant. Also, the elevation
in the HFD group did not reach the statistical
significance as compared to the control group.

Direct bilirubin did not show any difference
between the groups. The total bilirubin decreased
slightly in both treatment groups (Table 1).

Discussion

The current study evaluated the effects of
HAEM on oxidative stress, anti-oxidant enzymes,
lipid profile and liver parameters in rats fed
with HFD. The obtained results presented an
elevation in anti-oxidant capacity of Origanum
majorana treated groups confirmed by FRAP,
MDA, SOD, CAT and thiol groups status in the
treated groups compared to the HFD group.
However, the alteration in SOD, CAT, and thiol
groups did not show any significant difference
between the groups. In the case of lipid profile,
administering Origanum majorana decreased
the levels of TG, cholesterol and LDL. Moreover,
the change in liver parameters including ALT,
AST, ALP, GGT and bilirubin proved the
hepatoprotective effect of Origanum majorana.
Nevertheless, as mentioned earlier, the effect of
this compound was not statistically significant on
the levels of some parameters.

NAFLD has been identified as one of the
major causes of liver disease in the world (1).
Among various underlying factors, the diet shows
a pivotal role in the pathogenesis of the disease.
HFD is one of the risk factors for NAFLD, acting
through inducing oxidative stress (2, 3). The
altered redox balance is suggested to be involved
in the occurrence of steatosis, fibrosis and
steatohepatitis (4). Accordingly, we decided to
induce NAFLD in rats’ liver by feeding them with
HFD, which consequently resulted in induced
oxidative stress and its deleterious effects. Our
results demonstrate the altered redox balance
in the rats fed with HFD in comparison to the
control groups. Similarly, numerous studies have
examined the effect of HFD on liver redox status.
In this regard, Jarukamjorn et al. (26) reported
an increase in the level of MDA in the liver of rats
by the administration of a hypercholesterolemia
diet with high sucrose for 8 weeks. Consistent
with this work, the study conducted by Dhibi
et al. (27) illustrated that hypercholesterolemia
diet with trans fatty acids increased MDA

concentration and reduced CAT and SOD
activities.

The effect of oxidative stress on inducing
NAFLD can be explained by the role of
mitochondria in hepatic lipid metabolism.
Mitochondria are known to be able to adopt the
rate of beta-oxidation based on the amount of
lipid accumulation in hepatocytes. However,
following the elevated delivery of substrates to
the mitochondria, the generation of reactive
oxygen species (ROS) increases, probably
leading to mitochondria dysfunction. Depletion
in the rate of mitochondria function along
with the high rate of beta-oxidation causes
generation of incomplete oxidation products and
increased ROS production is involved in NAFLD
pathogenesis (5).

Regarding the important role of oxidative
stress in NAFLD pathogenesis, the effectiveness
of several anti-oxidants was examined in treating
NAFLD. Accumulated evidence has shown the
clear benefit of using natural anti-oxidants in
the biochemical and histological improvement
of NAFLD; as we did in this study. For instance,
in a review study by Ued and Weffort (28), it was
reported that adequate intake of vitamins and
appropriate physical activity could significantly
improve liver histology and laboratory tests. On
the other hand, studies have shown that HFD
results in histologic and metabolic derangements
in animal models. In fact, H&E stained liver
sections showed a progressive development of
steatosis and a notable elevation in intrahepatic
fat deposition in the HFD group (29). In this
regard, the induction of NAFLD by HFD has
also been evidenced by the higher liver size and
weight and the percentage of lipid accumulation,
all suggesting the negative effect of HFD on liver
histology (30).

Regarding the histological improvement,
our results demonstrated that HFD group,
with vacuolation in hepatocytes, presented
the steatosis while both HFD + HAEM
(150 mg/kg/day) and HFD + HAEM
(450 mg/kg/day) groups showed normal hepatic
tissue, indicating the positive effect of natural
anti-oxidant on liver histology.

Regarding the biochemical improvement,
studies have shown that natural anti-oxidants
often provide potential free-radical scavenging
activities along with anti-inflammatory abilities,
which are crucial factors in NAFLD treatment
(7—-9). In this regard, it has been demonstrated
that many edible or medicinal plants such
as green tea (10), Ziziphus mauritiana leaf
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(31), jujube honey (32), virgin olive oil (33)
and marjoram oil (13) can protect the liver
from oxidative damage through their anti-
oxidant activities. Among various medicinal
plants, Origanum majorana (known as
sweet marjoram) has been known for its anti-
oxidant capacity which is mainly because of its
polyphenolic compounds. Up to now, a total of
31 polyphenols has been reported in marjoram.
Among them, rosmarinic acid was identified to
be the strongest anti-oxidant polyphenol mostly
responsible for the anti-oxidant activity of this
herb (14—-16). The potential anti-oxidant capacity
of marjoram and its protective activity against
liver damage has been further proved by other
studies (17). In accordance with this result, we
observed that the rats treated with Origanum
majorana at doses 150 mg/kg/day and
450 mg/kg/day showed a significant decline in
MDA levels. However, the levels of MDA did not
reach that of NC levels. Moreover, evaluation of
thiol groups and SOD and CAT status presented
increased levels in both treatment groups;
however, it was not statistically significant
probably due to the small number of samples.
Interestingly, the amount of thiol groups
increased after treatment more than the control
group. Nevertheless, the SOD and CAT levels did
not reach the control levels after the treatment.
The results of the FRAP assay further supports
the anti- oxidant activity of Origanum majorana
as the treatment groups (150 mg/kg/day and
450 mg/kg/day) showed significantly higher
anti-oxidant capacity compared with HFD group
(P < 0.001).

Regarding the lipid profile, the present
study demonstrated that HFD could remarkably
increase the levels of TG, cholesterol and LDL as
compared to the control groups. These results
are compatible with those reported by Cui et al.
and Yang et al. (34, 35). It is noteworthy that
after the treatment with Origanum majorana,
both treatment groups (150 mg/kg/day
and 450 mg/kg/day) demonstrated
remarkably reduced levels of TG (P < 0.001).
Moreover, the levels of LDL between both
treatment groups and the HFD group were
significantly = different. However, the low
dosage of marjoram (150 mg/kg/day) showed a
more significant result (P < 0.01) than the
high dosage (P < 0.05) (450 mg/kg/day).
Furthermore, the levels of cholesterol were
significantly lower in one treatment group
(450 mg/kg/day) (P < 0.05), but not the
other one (150 mg/kg/day). Despite some
minor differences between the effect of
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150 mg/kg/day and 450 mg/kg/day dosages, our
obtained results demonstrated the protective
effect of Origanum majorana in vivo.

To further assess the hepatoprotective
effect of Origanum majorana, we examined its
effect on liver parameters particularly. Based on
the results of this study, the levels of ALT and
AST notably decreased after the treatment with
150 mg/kg/day and 450 mg/kg/day dosages of
Origanum majorana as compared to the HFD
group. However, the ALT and AST levels did
not reach the control levels after the treatment.
Likewise, regarding ALP, both treatment
groups showed a remarkable difference
(P < 0.001) in comparison with the HFD group.
Interestingly, the ALP levels reached the control
levels after the treatment. The levels of GGT
also showed depletion in both treatment groups
in comparison with the HFD group; however,
the difference was not statistically significant.
No significant difference was recognised in the
bilirubin between different groups. But, the total
bilirubin decreased in both treatment groups
the difference was not significant. The statistical
insignificance in some results could be explained
by the small number of samples; however, it
should be confirmed by future studies with large
sample numbers.

Conclusion

According to the obtained results, it is
concluded that the Origanum majorana can
protect the liver from oxidative stress-induced
NFLD. This protective effect is related to the
anti-oxidant compounds such as flavonoids,
anthocyanins, tannin derivatives and rosmarinic
acid. However, considering some statistically
nonsignificant results, more studies are needed
to confirm these results in a larger sample of
rats. Also, further investigations could shed
light on the exact role of oxidative stress in
the pathogenesis of the disease and the effect
of herbal medicine on this phenomenon. In
this way, recruiting these medicinal plants in a
therapeutic regimen may reduce the deleterious
side effects of chemical agents.

Acknowledgements

The authors would like to thank Mashhad
University of Medical Sciences (MUMS) for
financial support. The research code number of
the project was 950374 in http://research.mums.
ac.ir.



Original Article | Effects of Origanum majorana on dyslipidemia, hepatosteatosis and oxidative stress

Ethics of Study

All animal experiments were approved by
the Ethics Committee of Mashhad University
of Medical Sciences and in compliance with
national laws and with National Institutes
of Health guidelines for the use and care of
laboratory animals (authorisation reference
number1315-28572/2012-30).

Conflict of Interest

None.

Funds

None.

Authors’ Contributions

Conception and design: MS

Analysis and interpretation of the data: RM, AG
Drafting of the article: NB, AH

Critical revision of the article for important
intellectual content: NB, RM, AH

Final approval of the article: AGP

Provision of study materials or patients: MS, STJ
Statistical expertise: AG

Obtaining funding: MS, AGP

Collection and assembly of data: MS, AGP, NB,
RM, AH, STJ

Correspondence

Dr Mohammad Soukhtanloo

Assistant Professor

PhD (Mashhad University of Medical Sciences)
Department of Clinical Biochemistry,
Faculty of Medicine, Mashhad University of
Medical Sciences,

Paradise Daneshgah, Vakil-Abad Blvd,
Mashhad 91779-48564, Iran.

Tel: +985138828573

Fax: +985138828574

E-mail: soukhtanloom@mums.ac.ir

References

Younossi ZM, Koenig AB, Abdelatif D, Fazel
Y, Henry L, Wymer M. Global epidemiology of
nonalcoholic fatty liver disease-Meta-analytic
assessment of prevalence, incidence, and
outcomes.  Hepatology. 2016;64(1):73-84.
https://doi.org/10.1002/hep.28431

Nakamura A, Terauchi Y. Lessons from mouse
models of high-fat diet-induced NAFLD. Int. J
Mol Sci. 2013;14(11):21240—21257. https://doi.
0rg/10.3390/ijms141121240

Dhibi M, Brahmi F, Mnari A, Houas Z, Chargui
I, Behir L, et al. The intake of high fat diet with
different trans fatty acid levels differentially
induces oxidative stress and non alcoholic fatty
liver disease (NAFLD) in rats. Nutr & Metab.
2011;8(1):65. https://doi.org/10.1186/1743-7075-
8-65

Gambino R, Musso G, Cassader M. Redox
balance in the pathogenesis of nonalcoholic
fatty liver disease: mechanisms and therapeutic
opportunities. Antioxid Redox Signal.
2011;15(5):1325-1365. https://doi.org/10.1089/
ars.2009.3058

Gusdon AM, Song KX, Qu S. Nonalcoholic fatty
liver disease: pathogenesis and therapeutics from
a mitochondria-centric perspective. Oxid Med
Cell Longev. 2014;2014:637027. https://doi.
org/10.1155/2014/637027

Feng Y, Wang N, Ye X, Li H, Feng Y, Cheung F,
et al. Hepatoprotective effect and its possible
mechanism of Coptidis rhizoma aqueous extract
on carbon tetrachloride-induced chronic liver
hepatotoxicity in rats. J Ethnopharmacol.
2011;138(3):683—690. https://doi.org/10.1016/j.
jep.2011.09.032

Singal AK, Jampana SC, Weinman SA.
Antioxidants as therapeutic agents for liver
disease. Liver Int. 2011;31(10):1432-1448.
https://doi.org/10.1111/j.1478-3231.2011.02604.X

Li S, Tan HY, Wang N, Zhang ZJ, Lao L,
Wong CW, et al. The role of oxidative stress
and antioxidants in liver diseases. Int J Mol
Sci.  2015;16(11):26087—-26124.  https://doi.
0rg/10.3390/ijms161125942

www.mjms.usm.my



Malays J Med Sci. Jan-Feb 2020; 27(1): 57-69

10.

11.

12.

13.

14.

15.

16.

Loomba R, Wesley R, Pucino F, Liang TJ,
Kleiner DE, Lavine JE. Placebo in nonalcoholic
steatohepatitis: insight into natural history
and implications for future clinical trials. Clin
Gastroenterol Hepatol. 2008;6(11):1243—1248.
https://doi.org/10.1016/j.cgh.2008.07.013

Augustyniak A, Waszkiewicz E, Skrzydlewska
E. Preventive action of green tea from changes
in the liver antioxidant abilities of different
aged rats intoxicated with ethanol. Nutrition.
2005;21(9):925—-932. https://doi.org/10.1016/j.
nut.2005.01.006

Khazdair MR, Mohebbati R, Karimi S,
Abbasnezhad A, Haghshenas M. The protective
effects of Curcuma longa extract on oxidative
stress markers in the liver induced by Adriamycin
in rats. Physiol Pharmacol. 2016;20:31-37.

Mohebbatia R, Khazdair MR, Karimia S,
Abbasnezhadd A. Hepatoprotective effects of
combination hydroalcoholic extracts of Nigella
sativa and Curcuma longa on Adriamycin-
induced oxidative stress in rat. J Rep Pharm Sci.
2017;6(2):93—-102.

Aita NAA, Mohammed FF. Effect of marjoram
oil on the clinicopathological, cytogenetic and
histopathological alterations induced by sodium
nitrite toxicity in rats. Global Vet. 2014;12:606—
616.

Hossain MB, Camphuis G, Aguilo-Aguayo I,
Gangopadhyay N, Rai DK. Antioxidant activity
guided separation of major polyphenols of
marjoram (Origanum majorana L.) using flash
chromatography and their identification by
liquid chromatography coupled with electrospray
ionization tandem mass spectrometry. J Separat
Sci. 2014;37(22):3205—-3213. https://doi.
0rg/10.1002/jss€.201400597

Hossain MB, Rai DK, Brunton NP, Martin-Diana
AB, Barry-Ryan C. Characterization of phenolic
composition in Lamiaceae spices by LC-ESI-MS/
MS. J Agri Food Chem. 2010;58(19):10576—
10581. https://doi.org/10.1021/jf102042g

Shan B, Cai YZ, Sun M, Corke H. Antioxidant
capacity of 26 spice extracts and characterization
of their phenolic constituents. J Agri Food

Chem. 2005;53(20):7749-7759. https://doi.
org/10.1021/jfo51513y

m www.mjms.usm.my

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Mossa AT, Refaie AA, Ramadan A, Bouajila
J. Amelioration of  prallethrin-induced
oxidative stress and hepatotoxicity in rat by the
administration of Origanum majorana essential
oil. BioMed Res Intl. 2013;2013:859085. https://
doi.org/10.1155/2013/859085

Ghorbani A, Mohebbati R, Jafarian AH, Vahedi
MM, Hosseini SM, Soukhtanloo M, et al. Toxicity
evaluation of hydroalcoholic extract of Ferula
gummosa root. Regul Toxicol Pharmacol.
2016;77:35—41. https://doi.org/10.1016/j.
yrtph.2016.02.008

Jiménez-Escrig A, Jiménez-Jiménez I, Pulido
R, Saura-Calixto F. Antioxidant activity of fresh
and processed edible seaweeds. J Sci Food Agric.
2001;81(5):530-534.

Satoh K. Serum lipid peroxide in cerebrovascular
disorders determined by a new colorimetric
method. Clin Chim Acta. 1978;90(1):37—43.
https://doi.org/10.1016/0009-8981(78)90081-5

Aebi H. Catalase in vitro. Methods Enzymol.
1984;105:121-126.

Nishikimi M, Appaji N, Yagi K. The occurrence
of superoxide anion in the reaction of reduced
phenazine methosulfate and molecular oxygen.
Biochem Biophys Res Commu. 1972;46(2):849—
854. https://doi.org/10.1016/s0006-
291x(72)80218-3

Hu M, Dillard C. Plasma SH and GSH
measurement. Methods Enzymol.
1994;233(385):87.

Decker L. Worthington enzyme manual. New
Jersey: Worthington Biochemical Corporation;

1977. 27 p.

Bancroft JD, Gamble M. Theory and practice
of histological techniques. 6th ed. Churchill
Livingstone: Elsevier; 2008. pp 433—469.

Jarukamjorn K, Jearapong N, Pimson C,
Chatuphonprasert W. A high-fat, high-fructose
diet induces antioxidant imbalance and increases
the risk and progression of nonalcoholic fatty liver
disease in mice. Scientifica. 2016;2016:1-10.
https://doi.org/10.1155/2016/5029414



Original Article | Effects of Origanum majorana on dyslipidemia, hepatosteatosis and oxidative stress

27.

28.

29.

30.

31.

Dhibi M, Brahmi F, Mnari A, Houas Z, Chargui
I, Bchir L, et al. The intake of high fat diet with
different trans fatty acid levels differentially
induces oxidative stress and non alcoholic fatty
liver disease (NAFLD) in rats. Nutr Metab.
2011;8(1):65. https://doi.org/10.1186/1743-7075-
8-65

Ued FdV, Weffort VRS. Antioxidant vitamins in
the context of nonalcoholic fatty liver disease in
obese children and adolescents. Revista Paulista
de Pediatria. 2013;31(4):523—530. https://doi.
0rg/10.1590/S0103-05822013000400016

Lee JS, Jun DW, Kim EK, Jeon HJ, Nam HH,
Saeed WK. Histologic and metabolic derangement
in high-fat, high-fructose, and combination diet
animal models. Sci World J. 2015;2015:1—9.
https://doi.org/10.1155/2015/306326

VanSaun MN, Lee IK, Washington MK,
Matrisian L, Gorden DL. High fat diet induced
hepatic steatosis establishes a permissive
microenvironment for colorectal metastases and
promotes primary dysplasia in a murine model.
Am J Pathol. 2009;175(1):355—364. https://doi.
org/10.2353/ajpath.2009.080703

Dahiru D, Obidoa O. Evaluation of the antioxidant
effects of Ziziphus mauritiana Lam. Leaf extracts
against chronic ethanol-induced hepatotoxicity
in rat liver. Afric J Trad Complement Alternat
Med. 2007;5(1):39—45. https://doi.org/10.4314/
ajtcam.vsi1.31254

32.

33-

34.

35-

Cheng N, Du B, Wang Y, Gao H, Cao W, Zheng
J, et al. Antioxidant properties of jujube honey
and its protective effects against chronic alcohol-
induced liver damage in mice. Food Funct.
2014;5(5):900—-908.  https://doi.org/10.1039/
c3fo60623f

Kasdallah-Grissa A, Nakbi A, Koubaa N, EI-
Fazaa S, Gharbi N, Kamoun A, et al. Dietary
virgin olive oil protects against lipid peroxidation
and improves antioxidant status in the liver of
rats chronically exposed to ethanol. Nutr Res.
2008;28(7):472—479. https://doi.org/10.1016/j.
nutres.2008.03.014

Cui B, Liu S, Lin X, Wang J, Li S, Wang Q, et al.
Effects of Lycium barbarum aqueous and ethanol
extracts on high-fat-diet induced oxidative stress
in rat liver tissue. Molecules. 2011;16(11):9116—
9128. https://doi.org/10.3390/molecules16119116

Yang J-Y, Lee S-J, Park H-W, Cha Y-S. Effect of
genistein with carnitine administration on lipid
parameters and obesity in C57Bl/6J mice fed a
high-fat diet. J Med Food. 2006;9(4):459—467.
https://doi.org/10.1089/jmf.2006.9.459

www.mjms.usm.my m



