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Abstract

This study was carried out to investigate the bioactive effects of sesame seeds against inflammation
and atherosclerotic rats. Adult male Sprague- Dawley strain rats (n= 72) were divided into two main
groups, the first main group (n=9) was fed on basal diet as a negative control group. Atherosclerosis
was induced in the second main group (n = 63) which was assigned to groups 2-8. Group 2 was
positive control group; the others were treated with raw, roasted and fermented sesame seeds
respectively each at two levels of intake (100 and 150 gm/kg diet). At the end of the experimental
period (8 weeks), blood samples were collected for assessing liver and kidney functions, serum vitamin
E and serum oxidative stress markers.Pedal inflammation was induced by 0.1 ml formalin (4%) in
atherosclerotic rats and paw's thickness was recoded. Liver from all rats were collected for histological
studies.Results revealed that supplementation with forms of sesame seeds improved atherogenic
index as well as caused an improvement in AST enzyme at the tested levels of intake compared with
the positive control group as well as the activity of oxidative enzymes in the atherosclerotic
rats,resulted in marked increase in SOD concentrations compared with positive control group. Results
showed that the addition of sesame seeds led to a significant improvement in pedal after 3, 6 hrs., 1
day, 2 day, 4 day, and 6 days of inducing inflammation .In view of the positive effect of raw, roasted
and fermented sesame seeds on most of the studied parameters, the present study recommends
increasing the consumption of sesame seeds in the different forms. Nutrition education programs are
needed to clarify the importance of sesame seeds in reducing inflammation and combating
complication of atherosclerosis. Further studies are required to evaluate the health benefits of
consuming fermented sesame seeds.

Key words: raw sesame seeds - roasted sesame seeds - fermented sesame seeds - atherosclerosis -
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Introduction

Sesame (Pedaliaceae family, Sesamumindicum L.) is one of the most important oil seed crops and is
widely cultivated in tropical and subtropical areas such as Myanmar, India, China, and Africa
(Yushiroet al., 2018) Recently it has attracted research attention for its medicinal properties and
physiological effects such as its oil quality, sterols, and antioxidative agents i.e., methylene dioxyphenyl
compounds, sesamin, sesamolin, and tocopherols that act as nutraceuticals and impart resistance to
oil against oxidative deterioration (NitiPathaket al., 2019).

Enhancement of the nutritional and medicinal quality of sesame seeds may be anticipated
through processing (such as roasting and fermentation) prior to consumption. These processes cause
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important physical, chemical, structural and sensorial changes. In the light of this, Hassan, (2012)
reported that roasted sesame seeds gave the most desirable quality of raw sesame seeds with respect
to phenolic content and fatty acids composition. In addition, Rizkiet al., (2016) stated that sesame oil
extracted from roasted sesame seeds was considered more anti oxidative and with better sensory and
nutritional properties than unroasted sesame oil.

Antioxidants such as vitamin E are known to protect LDL-cholesterol against oxidative
modification (Niki, 2011). In addition, the consumption of poly unsaturated fatty acids PUFA- and mono
unsaturated fatty acids (MUFA) -rich oils may help decrease the fractions of circulating lipid levels, as
well as the risk of cardiovascular diseases (CVD) (Mozaffarian et al., 2010).

Inflammation is a body’s natural response against harmful pathogen and stimuli that occurs in
two stages namely, acute and chronic inflammation. Acute inflammation is a part of innate immunity
initiated by the immune cells that persists only for a short time. However, if the inflammation continued,
the second stage of inflammation called chronic inflammation commences which instigates various
kinds of chronic diseases, including arthritis, cancer, cardiovascular diseases, diabetes, and
neurological diseases (Ajaikumaret al., 2018).

The aim of the present study was to evaluate the bioactive effects of raw sesame seeds and
other two treatments on atherosclerosis and inflammation in rats.

Materials and Methods

Materials

° Chemicals: Cholesterol (white crystalline powder), casein, vitamins, minerals, cellulose, choline
chloride and formalin were obtained from Elgomhoria Company for chemical industries, Cairo, Egypt.

° White sesame seeds (Pedaliaceae family, Sesamumindicum L.), were purchased from the
Agricultural Research Center, Giza, Egypt. Corn starch and corn oil were obtained from the local
market, Cairo, Egypt.

° Animals: Adult male albino rats of Sprague-Dawely strain weighing 120 — 130g were obtained
from laboratory animal colony, Ministry of Health and Population, Helwan, Cairo, Egypt.

Methods:
Preparation of raw, roasted and fermented sesame seeds:

White sesame seeds (Pedaliaceae family, Sesamumindicum L.), were cleaned manually to
remove dust, stones and any foreign material.

Raw:Seeds were milled (Wiley mill, 30 meshes) and were stored in a sealed clean glass container at
room temperature (25°C) to preserve the quality of sesame seeds till use.

Roasting: Raw Sesame seeds were roasted by putting a thin layer of raw seeds on a tray in preheated
oven at 160 ° C for about 15 min. till the seeds start getting some light golden color as described by
(Hama, 2017).

Fermentation:
Fermented sesame seeds were prepared by cooking raw sesame seeds in boiling water at
100°c (1:1) for 6 h. The cooked seeds were placed in a plastic container with a tight lid and sealed. The
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samples were allowed to ferment in drying oven (GENTI) cell model at 35 +2°C for 7 days and oven
dried at 105°C for 12 h. to bring an end to fermentation .Fermented seasame seeds were stored in a
sealed clean glass container (Makinde and Akinoso, 2014).

Induction of Atherosclerosis:

The used atherogenic diet containing cholesterol, cholicacide, anhydrous milk fat, casein,
mineral & vitamin mix, sucrose, corn starch and cellulose was prepared according to Teklad Custom
Diet, (2015). After acclimatization period for 7 days with rats fed on AIN-93M basal diet,random blood
samples were taken weekly from the eyes using capillary tubes to analyze total cholesterol and HDL-C
in order to calculate the atherogenic index (Al) by the equation: Al =TC — (HDL-C) + (HDL — C)
according to Hanglundet al., (1991). When the calculation of the atherogenic index was confirmed, the
atherosclerosistic rats were assigned to groups 2-8 (9 rats each).

Experimental Animals:

Seventy two adult male albino rats were adapted for one week on AIN-93M basal diet (Reeves et al.,
1993). The present experiment was done in the animal house, Agricultural Research Center, Giza,
Egypt. Animals were housed in a normal healthy condition. Rats received water and diet ad libitum.
The room was lighted on a daily photo period of about 12 h light dark cycles.

After this week, rats were divided into two main groups as follows: The first main group (n=9) was kept
as a control negative group, the second main group (n=63) was fed atherogenic diet to induce
atherosclerosis according to Teklad Custom Diet, (2015).After insuring induction of atherogenicity, the
atherosclerotic rats were assigned to groups 2-8 as follows:

Group1l: negative control, fed on basal diet

GroupZ2:atherosclerotic rats,fed on basal diet (positive control)

Group3:atherosclerotic rats, fed on basal diet +100 gm/kg diet raw sesame seeds.

Group4: atherosclerotic rats, fed on basal diet +150 gm/kg diet raw sesame seeds.

Group5: atherosclerotic rats, fed on basal diet+100 gm/kg diet roasted sesame seeds.

Group6: atherosclerotic rats, fed on basal diet +150 gm/kg diet roasted sesame seeds.

Group7: atherosclerotic rats, fed on basal diet +100 gm/kg diet fermented sesame seeds.

Group8: atherosclerotic rats, fed on basal diet +150 gm/kg diet fermented sesame seeds.

The whole experimental period was 8 weeks.

Anti-inflammatory examination:

At the last week of the feeding trial with sesame seeds, three rats were selected from each of
the tested groups and rats ‘paw were injected by 0.1 ml formalin (4%) to induce inflammation The
changes in paw thickness after 3, 6 hrs, 1 day, 2 day, 4 day, and 6 day were measured using skin
caliber. The anti-inflammatory effect was assessed by reduction in the thickness of rats ‘paws
according to Northover and Subramanian, (1962)..

Blood samples and tissue collection:

At the end of the experimental period, rats were fasted forl2 h., anesthetized by diethyl ether
before scarifying. Blood samples were centrifuged and serum were obtained then stored at - 20°C in a
clean well stopped vial until analysis. Alanine aminotransferase enzyme, aspartate aminotransferase,
urea, creatinine, vitamin E, malondialdehyde and superoxide dismutase were determined in serum.
Organ such as livers were removed immediately after sacrificing, excised, rinsed, blotted dry with
tissue paper , weighed and kept in formalin solution (10%) for histological examination.
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Biochemical Analysis:

The biochemical analysis was carried out at Animal Health Research Institute (AHRI),
Agriculture Research Center-Cairo, Egypt. Alanine aminotransferase enzyme and aspartate
aminotransferase activities were measured according to method described by Sherwin, (1984).Urea
was determined according to the method described by Chaneyand Marbach, (1962).Creatinine was
determined according to the method described by Henry, (1964). Serum vitamin E was determined by
the method described by Tietz, (1999). Serum malondialdehyde determination was performed
according to the method described bySatoh, (1978) and Ohkawaet al., (1979). Serum Superoxide
dismutasedetermination was performed according to the method described by Nishikimi et al., (1972).

Histological examination:

Specimen from livers from all groups were washed, dehydrated in 85% alcohol for 24 hours,
cleared in xylene and embedded in paraffin wax. Histological sections of 5-6 um in thickness were cut
out, deparaffinized and stained with heamatoxylin and eosin for examination under the light
microscope.

Statistical analysis:

Data was statistically analyzed using SPSS, PC statistical software (version 16, SPSS
INC, Chicago, USA). Results were expressed as mean = SD. Differences among groups were
analyzed by analysis of variance (ANOVA) using Duncan's test as a post hoc test. The P-value of <
0.05 was considered to be statistically significant according to Armitageet al., (1987).

Results and Discussion

Table (1) showed the atherogenic index and lipoproteins ratio of atherosclerotic rats
supplemented with raw, roasted and fermented sesame seeds. As expected, feeding rats with high fat
diet supplemented with cholesterol caused significant increase in the atherogenic index (positive
control group) compared to the negative control one with a mean values of 4.09+0.29 vs. 0.71+ 0.18
,respectively. Interestingly , supplementation of high fat diet with raw, roasted or fermented sesame
seeds , showed significant reduction in the atherogenic index at any or all levels of supplementation
compared with the positive control group, but they still did not reach the atherogenic index level of
negative control group. Regarding the level of supplementation, raw and roasted sesame seeds at
level 2 showed significant reduction in the atherogenic index compared to level 1 of supplementation
(1.974£0.23 vs. 2.66+0.42) for raw sesame seeds fed group and 1.33+0.36 vs. 2.37+0.37 for roasted
sesame seeds fed group. On the other hand, atherogenic rats fed on fermented sesame seeds showed
no significant difference between level 2 and level 1 of supplementation with a mean value of
(1.37+0.09 vs.1.82+0.15).

Moreover, the lipoproteins ratio (LDL-c/ HDL-c) of positive control group showed the highest
lipoproteins ratio in all groups with a mean value of 2.91+0.30 compared with the negative control
group (0.46 +0.15). Results revealed that rats fed on high fat diet supplemented with raw, roasted or
fermented sesame seeds showed reduction in the LDL-c/ HDL-c ratio at all levels of intake (100 and
150 gm /kg diet) compared with the positive control group. All the forms of supplementations at level
(2) caused significant improvement in the LDL-c/ HDL-c ratio compared to level (1) of supplementation.
It worth to notice that atherogenic rats fed on high fat diet supplemented with roasted and fermented
sesame seeds at level(2) showed remarkable improvement in LDL-c/ HDL-c ratio to the levels that
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were not significant with the negative control group representing (0.87+0.35, 0.90+0.06 and 0.46 +0.15)
respectively.

Atherogenic index indicates the magnitude of the potential occurrence of atherosclerosis
Prangdimurtiet al., (2007). The higher of atherogenic index, the potential occurrence of
atherosclerosis and prevalence of cardiovascular disease was also higher. The total cholesterol and
HDL-C levels affect atherogenic index value. Reducing total cholesterol and increasing HDL-C levels
reduce the atherogenic index value, so the risk of atherosclerosis will be smaller. Total cholesterol and
LDL-Cholesterol levels were positively correlated with the atherogenic index, whereas HDL-cholesterol
levels were negatively correlated with the atherogenic index .The higher of HDL-C levels, the
atherogenic value is lower, so the risk of atherosclerosis will be smaller (Herpandiet al., 2006)

In accordance with the present study, Sa’adahet al., (2017) concluded that lipid-rich diet for
30 days caused an increase the total cholesterol, LDL-C levels and atherogenic index significantly
(p<0.01) compared with control rats.

Khatunet al., (2019) reported that among the 3 dietary treatment groups, it was observed the
significant (p < 0.05) decrease in the atherogenic index of plasma values in rats fed high lipid diet
(HLD) + sesame seeds(SSi) groups compared to HLD group. The study also revealed improvement in
atherogenic index of plasma as a result of dietary interventions with HLD+SSi which contribute to
cardio-protection.

Results in Table (2) showed the effect of adding raw, roasted and fermented sesame seeds to
the high fat diet on the activity of alanine aminotransferase (ALT). Although the positive control group
had increased level of ALT in serum compared with the negative control group (healthy) but the
difference was not significant with a mean value of 17.33 +5.50 U/L vs.12.33 £2.51 U/L) ,respectively .
However, rats fed on level(1) of raw , roasted and fermented sesame seeds showed non-significant
increment in ALT concentration with mean values of ( 21.33 + 2.08 U/L, 21.33 + 6.51 U/L and 19.33 +
2.51 U/L), respectively compared with positive control group (17.33+5.50 U/L).When raw and
fermented sesame seeds were introduced in the diet at level (2) of intake, ALT enzyme showed slight
concentration reduction compared with positive control group, but not significant ( 16.33 + 3.51 U/L
and 14.66 + 2.52 U/L vs. 17.33 +5.50 U/L, respectively).

Concerning the effect of adding raw, roasted and fermented sesame seeds to the high fat diet
on the activity of aspartate aminotransferase (AST) enzyme (Table 1), positive control group had
increased level of AST in serum with a mean value of (11.00 + 3.09 U/L) compared with the negative
control group (8.00 + 1.00 U/L) but, the difference was not significant. Results revealed that
supplementing high fat diet with raw, roasted and fermented sesame seeds in the diet caused
significant elevation on serum activity of AST at the tested levels of intake compared with the positive
control group.

The effect of sesame seeds on liver function enzymes was illustrated by Ikeda et al., (2003)
that sesame seeds contain two unique substances; sesamin and sesameolin, the later has shown to
protect liver from oxidative damage. In addition, sesame seeds contain some powerful antioxidants
(IP-6, phytate, lignin, pinoresionoly, vitamin E, Lecithin, myristic acid and linolate) which may prevent
free radical formation and scavenge free radicals that already formed. Additionally, it is known that
dietary supplementation with vitamin E (one of vital component of sesame seeds), the vitamin
accumulates in the hepatocytes and not in non-parenchymal cells (Yan et al., 1993). Vitamin E is

distributed in the hepatic nuclear fraction in a dose dependent manner, suggesting that vitamin E may
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be an effective antioxidant for preventing oxidative damage to deoxyribonucleic acid (DNA)
(Rocchiet al., 1997).

Consequently, Sirato-Yasumoto et al., (2001) stated that sesame seeds can be used without
any adverse effect on liver functions and protect the liver from oxidative damage.Mohamed et al.,
(2018) reported that there was significant decrease in ALT in manipulated group with oral daily dose of
sesame seed oil as compared to positive control group and AST had the same trend. Table (3)
illustrates the effect of raw, roasted and fermented sesame seeds intake on serum urea and creatinine
concentrations of atherosclerotic rats. Results revealed that urea concentration was significantly lower
in the positive control group with mean value of 27.06 £2.11 mg/dl compared with the negative control
group fed normal diet (38.10+ 3.85 mg/dl). No significant differences in urea concentrations were
recorded between rat groups supplemented with raw and fermented sesame seeds at both levels of
supplementation and that of the positive control group. On the other hand, no significant differences in
urea concentrations of rats group fed on high fat diet supplemented with roasted sesame seeds at both
levels of supplementation and that of negative control group were detected representing (40.90 + 3.62
mg/dl, 41.16 * 6.50 mg/dI vs. 38.10+ 3.85 mg/dl), respectively.

Concerning creatinine concentrations in serum, no significant differences were detected
between negative control group and positive control group representing (0.65 + 0.10 mg/dl and 0.61 +
0.09 mg/dl), respectively. All groups supplemented with raw, roasted and fermented sesame seeds at
all levels of supplementation showed no significant differences in creatinine concentrations compared
to both negative and positive control groups except for rats group fed on fermented sesame seeds for
level 2.

Urea is a byproduct from protein breakdown. About 90% of urea produced is excreted via the
kidney (Walmsleyet al., 2010).In kidneys, urea is filtered out of blood by glomeruli and is partially
reabsorbed with water (Corbett, 2008).Meanwhile, creatinine which is commonly measured as an
index of glomerular function (Treasure, 2003)is a waste product from muscle creatine that is used as
energy source during muscle contraction. The normal range of serum creatinine is 0.2-0.8 mg/dl for
rats(Weber et al., 2002) and like urea, it is excreted exclusively through the kidney. Damage to the
kidney will thus render the kidney inefficient to excrete both urea and creatinine, hence, it causes their
accumulation in the blood (Stevens et al., 2006).Higher values than normal level of blood urea and
creatinine will indicate kidney damage. The most frequently used clinical indices for estimating renal
function depends upon concentration of urea in the serum (Rosner and Bolton, 2006).

Stevens et al., (2006) indicated that feeding hypercholesterolemic rats with 5% and 10%
Benni seed (Sesamumindicum) significantly reduced the rising serum urea but not creatinine levels. In
addition, Mohamed and Wakwak (2014) reported that the serum levels of urea and creatinine were
almost not affected by the treatment of sesame seeds.

Table (4) illustrated the effect of raw, roasted and fermented sesame seeds intake on serum
vitamin E and some oxidative stress markers (malondialdehyde and superoxide dismutase) of
atherosclerotic rats

Regarding serum levels of vitamin E, results indicated that the positive control group had
lower level than the negative control. It is worth to notice that results revealed that all groups fed on
high fat diet supplemented withraw, roasted and fermented sesame seeds at (level 1 and 2) showed
obvious significant increase in vitamin E concentrations compared with the positive control group.
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Vitamin E concentrations were higher in groups supplemented with level 2 (150 gm/ kg diet) from raw,
roasted and fermented sesame seeds than that of level 1 (100 gm/ kg diet) supplemented groups. The
highest concentration was observed in rats group supplemented with 150 gm/ kg diet fermented
sesame seeds representing (1350 +£7.01 mg/dl).

Concerning the first studied marker of oxidative stress; malondialdehyde (MDA)
concentration; results showed that there was an increment in MDA concentration of positive control
group with a mean value of (1.26+ 0.10 nmol/ml) compared with the negative control group(0.45 +0.09
nmol/ml). All treated groups showed significant decrease in MDA concentration compared with the
positive control group. Results reported that when rats were fed on level 2 of raw sesame seeds level
1 and level 2 fermented sesame seeds, significant decrease in MDA concentrations were observed
with a mean values of (0.57 + 0.11, 0.56 + 0.10 and 0.47 = 0.09 nmol/ml), respectively with non-
significant differences when compared with negative control group (0.45 £0.09 nmol/ml).

Concerning superoxide dismutase (SOD) concentration; as a marker of oxidative stress;
positive control group showed a significant decrease in SOD concentration compared with the negative
control group (0.14 + 0.11u/ml and 0.66 + 0.11u/ml), respectively. Furthermore, feeding atherosclerotic
rats on raw, roasted and fermented sesame seeds at the two levels of supplementation; 100 and 150
gm/kg high fat diet; resulted in marked increase in SOD concentrations compared with positive control
group. It is important to notice that the result of SOD concentration in fermented sesame seeds
supplemented group at level 2, showed comparable result to that of negative control group
representing (0.56 + 0.09u/ml and 0.66 + 0.11u/ml), respectively.

Vitamin E is a potent fat-soluble antioxidant that inhibits lipid peroxidation in biological
membranes. Saldeen et al., (1999) reported that the antioxidative effect of y-tocopherol on lipid
peroxidation in vitro is more potent than that of a-tocopherol reported that sesame seed is rich in y-
tocopherol, but contains negligible amounts of a-tocopherol (Lemcke-Norojéarviet al., 2001) .Elevated
serum levels of vitamin E in rats groups fed high fat diet supplemented with raw, roasted and
fermented sesame seeds is confirmed by, Robert et al., (2001) that Consumption of moderate
amounts of sesame seeds appears to significantly increase plasma y-tocopherol and alter plasma
tocopherol ratios in humans and is consistent with the effects of dietary sesame seeds observed in rats
leading to elevated plasma y-tocopherol and enhanced vitamin E bioactivity.

Regarding serum concentrations of vitamin E among various experimental groups, Parker et
al., (2000) reported that sesamin played a role in anti-oxidation by inhibiting the catabolism of
tocopherol, resulting in enhanced accumulation of tocopherols in plasma and tissues . Moreover,
Nakano et al., (2002) stated that sesamin and sesamolin may enhance the effect of vitamin E and
reduce lipid peroxidation as antioxidants. Furthermore, Hemalatha and Rao (2004) found that sesame
lignans in combination with vitamin E were more effective on lipid peroxidation than as a single
compound. In addition, Hanzawaet al., (2013) stated that dietary sesame seed and sesame lignan
increase vitamin E but also vitamin K concentrations in rat tissues.

Results revealed that supplementation of high fat diet with sesame seeds could improve
antioxidant status by increasing SOD activity and lower levels of MDA .This suggests that
hyperlipidemia induces lipid peroxidation caused by a systemic increase in oxidative stress. The
favorable effect of consuming raw, roasted and fermented sesame seeds on decreasing
malondialdehyde concentrations and increasing superoxide dismutase concentrations of atherogenic
rats are confirmed by various studies. Wu et al., (2006) observed that sesame ingestion improve
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blood lipids and antioxidative ability in animals. In addition , Nishantet al., ( 2008) stated that the
beneficial effects of sesame seeds appeared to be due to its fiber, sterol, polyphenol and flavonoid
content, which had an effect on increasing the antioxidant enzyme activities. Moreover, Biswas et al.
(2010) fed 18% sesame protein isolate with or without 2% cholesterol in comparison with casein to rats
for 28 days. The results revealed that dietary sesame protein isolate mitigates lipid peroxidation in both
hypercholesterolemia and normo-cholesterolemic diet groups. In addition, Alipooret al., (2012)
reported that supplementation with 40 g/d of sesame seeds for 60 days enhanced the antioxidant
capacity in hyperlipidemic patients.

Accumulating evidence indicates that oxidative stress is an early event in the evolution of
hyperlipidemia Ponce-Canchihuaméan et al., (2010). Hyperlipidemia is associated with oxidative

modification of LDL-C, protein glycation, and glucose autoxidation Yang et al., (2008). In addition,

increased cholesterol levels may lead to an elevation in cholesterol pool, which results in altered
physical properties of cell membrane, facilitating the leakage of reactive oxygen species (ROS) from
the mitochondrial electron system or the activation of NADPH oxidase, eventually culminating in lipid

peroxidation and protein oxidation Singhet al., (2017). Lipid peroxidation can disrupt integrity of the

phospholipid bilayer and inactivate membrane-bound receptors and enzymes, leading to increased cell
permeability and death. Moreover, ROS can diminish the cellular antioxidant capacity by promoting

oxidation of the antioxidant enzymes Smatherset al., (2011). In the present study, high fat diet(HFD)
induced hyperlipidemia was associated with significant increase in hepatic lipid peroxidation and
diminished SOD. Thus, the suppression of hyperlipidemia and subsequent oxidative stress represents
an effective approach to protect against CVDs and liver diseases. Herein, supplementation of HFD rats
with raw, roasted and fermented sesame seeds resulted in a significant increase in the endogenous
enzymes superoxide dismutase (SOD). In addition, reduced lipid peroxidation was observed by a
significant decrease in malondialdehyde (MDA) levels in serum samples in different treated groups.
Accordingly, sesame seeds may protect against oxidative damage in atherosclerotic rats through
inhibition of lipid peroxidation and restoration of antioxidants defense system.

The anti-inflammatory effects of raw, roasted and fermented sesame seeds intake on the
paw's thickness of rats after induction of pedal inflammation by formalin are shown in Table (5). Prior to
formalin injection, all groups showed non-significant differences in paw's thickness. After three hours of
formalin injection, rats fed high fat diet supplemented with 150 gm / kg diet fermented sesame seeds
showed the only significant reduction in the rats inflamed paw’s thickness compared with that of
positive control group representing 1.83 £+0.28 mm (26.8 % inhibition ) and 2.50 +0.33mm respectively.
After six hours of formalin injection there were observed significant reductions in inflamed paw’'s
thickness of rats fed diets supplemented with raw, roasted and fermented sesame seeds at both level
1 and 2 representing (2.33£0.28 , 2.00+0.40 , 1.83+0.28, 1.66+ 0.23, 2.33+ 0.76 and 1.66+ 0.28mm)
respectively compared with the positive control rats (2.83+0.28 mm).

In the first day of paws’ formalin injection, significant reduction in inflamed paw’s thickness
was observed in almost sesame seeds supplemented groups. The inhibition percentages were (6.02%
inhibition ) for level ( 1) raw sesame seeds fed group and the inhibition for level 1 and 2 roasted and
fermented sesame seeds fed groups were greater. Similar trend was noticed in the second day of
paws’ formalin injection.In the fourth day, only roasted and fermented sesame seeds supplementation
at level 2 (150gm / kg diet ) caused significant reduction in the inflamed paw’s thickness representing
(33.63 and 41.16 % inhibition) respectively compared with positive control group.
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Finally, in the sixth day, all rats fed on high fat diet supplemented with raw, roasted and
fermented sesame seeds supplementation at level 1 and 2 revealed significant improvements of
inflammation in rat's paw’s compared to positive control group. The most pronounce inhibitions of
inflammation was observed in the groups of rats supplemented with level 2 of roasted and fermented
sesame seeds representing), 30.56% inhibition) and (43.06% inhibition) respectively.

Inflammation is a defense mechanism of a body against foreign substances and chronic
inflammation persist to different kind of diseases. Wu et al., (2019) reported that the bioactive
components of Sesamumindicum L., such as sesamin, sesaminol, sesamol and sesamolin, play
essential roles in combating different types of biological and pharmacological concerns and were able
to exhibit promising medicinal properties against the diseases. One of the notable properties of sesame
lignans is anti-inflammation. Sesame lignans hinder the propagation of inflammatory cytokines and
inflammatory mediators, which further leads to alleviating inflammatory-related diseases such as
osteoarthritis, cardiovascular disease, neurodegenerative disease, inflammatory bowel disease,
diabetic eye disease, lung disease and liver disease. Other sesame extracts apart from the sesame
lignans also exhibit mitigation of inflammatory-related pathways. These were proven by the in vivo and
in vitro models of inflammatory-induced systems.

Results in the present study revealed that raw, roasted and fermented sesame seeds in
general had a protective effect against inflammation and helped in inflammation healing. However,
control positive rats had more time for healing when compared with all atherosclerotic rats fed on two
different levels of raw, roasted and fermented sesame seeds.

Sesame seeds contain active components tocopherols such as sesamin, sesamolin, , etc
which have anti-inflammatory effects. Christen et al., (1997) showed that y-tocopherol trapped
reactive nitrogen oxide species generated during inflammation in vitro. Vitamin E is a lipid-soluble
vitamin found in several foods with outstanding antioxidant activity. Analgesic and anti-inflammatory
activities of vitamin E have been reported in both humans and rodents (Billiau, and Matthys. 2011). in
addition, (Jiang Q., 2014) confirmed that vitamin E, as potent antioxidant, may be able to neutralise
free radicals therefore suppressing cytokine production. Vitamin E has also been shown to inhibit COX-
2, the enzyme involved in inflammatory reactions. Moreover, Cook-Mills, (2013)stated that vitamin E
reportedly exerts an anti-inflammatory effect against several inflammatory diseases, such as
hypersensitivity reactions, airway inflammation, and several types of arthritis

The obtained results were in the same line with those reported by Ma et al., (2014) that
sesamin ; the major lignan in sesame seeds ; was thought to potently attenuate inflammation, but the
molecular mechanisms underlying its effects remain largely unknown. Sesamin administration has
been shown to suppress tumor necrosis factor-a (TNFa) expression and liver injury. In addition, Deme
et al., (2018) stated that the anti-inflammatory molecules associated with sesame oil may contribute
the anti-inflammatory and anti-atherosclerotic properties.

Several studies indicated the anti-inflammatory effects of sesame seeds derivatives all over
the body. Lee et al., (2013) stated that sesamin; can protect human endothelial cells from HMGB1-
induced vascular inflammatory diseases. Furthermore, Takahashi et al., (2016) reported that sesamin
have antioxidative and anti-inflammatory effects. In addition, Li et al., (2016) concluded that sesamin
can inhibit lipopolysaccharide induced inflammation and extracellular matrix catabolism in a rat
intervertebral disc. Moreover, Baiet al., (2019) reported that sesamin can stimulate nuclear factor
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erythroid-related factor 2-mediated protective defense against oxidative stress and inflammation in
colitis via protein kinase B and extracellular signal-regulated kinase.

The mechanism by which sesamin exerts its effect as an anti-inflammatory substance was
epxplained by Abe-Kanohet al., (2019). Sesamin is converted into catechol derivatives and further into
their glucuronides or sulfates in vivo. Previous research results suggested that sesame catechol (SC1)
glucuronides exert the anti-inflammatory effects by inhibiting the Interferon-g (IFN-B)/ inducible NO
synthase (INOS) signaling through macrophage-mediated de-conjugation.

The histological examinations of the liver were shown in photos (1 -8). Photos (1) revealed
that the liver of the negative control group showed normal liver histological picture. On the other hand,
the positive control group (photo 2) showed severe dilated and engorged portal blood vessels and
some fibroblast proliferation in the liver.

Compared with the positive control group, the degree of changes of liver tissue, cells in all
experimental groups were alleviated, and the arrangement of hepatocytes was more ordered. The
atherosclerotic group of rats fed on raw sesame seeds at level 1 (photo 3) revealed fatty changes of
the hepatocytes together with area of focal coagulation necrosis. The atherosclerotic rats fed on raw
sesame seeds at level 2 (Photo 4) showed focal area of fatty change. The atherosclerotic group of rats
fed on roasted sesame seeds at level 1 (Photo 5) revealed moderate fatty changes of the hepatocytes.
The atherosclerotic rats fed on roasted sesame seeds at level 2 (Photo 6) indicated revealed mild fatty
changes of the hepatocytes. The present results indicated that, the atherosclerotic group of rats fed on
fermented sesame seeds at level 1 (Photo 7) showed moderate fatty change and individual cell
necrosis. The atherosclerotic rats fed on fermented sesame seeds at level 2 (Photo 8) showed mild
fatty change.

These results are in agreement with many other researchers who reported that feeding
animals with cholesterol-rich diet is commonly used as a model for induction of hypercholesterolemia to
study the etiology of hypercholesterolemia-related metabolic disorders and the efficiency of anti-
hypercholesterolemia agents .Liu et al., (2010) reported that the upper panel of the liver of high fat diet
fed rats showed fatty degeneration of hepatocytes which was characterized by the appearance of a
large lipid vacuole in hepatocytes and a shift in the nucleus to the cell wall (x100). A typical intimal
thickening proliferated and disorganized medial smooth muscle cells, and internal elastic lamina with
irregular and saw tooth margins were observed in contrast to the normal control. Moreover, Mallick et
al., (2016) concluded that themorphological observation include normal histology of liver of control
group of rats with radiating chords of hepatocytes around central vein indicate well organized histo-
architecture and severe disorganization of liver cells in cholesterol induced hyperlipidemic rats .

Damaged hepatocytes and blood vessels were seen prominently. Finally, Li et al., (2020)
concluded that in the normal control group, liver tissues had normal hepatic cells with preserved
cytoplasm, prominent nucleus and central vein. This indicated that the normal diet had no adverse
effect on lipid metabolism in rats. The liver cells of the hyperlipidemic group were swollen and arranged
loosely and disorderly, and the nucleus was squeezed to one end, which showed that an amount of fat
was deposited in the liver, resulting in mild fatty liver disease.
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Histological observation results basically supported the results of serum and liver
biochemical markers. Azabet al., (2014)reported that orally feeding sesame oil showed normal
histological structure of liver tissue with organizes hepatocytes. Also, normal hepatocytes were seen as
well as slightly affected ones with a small disorganization in the combination of Seeds of Vicia faba
(SVf) + sesame seeds (SSi) when compared with SSi group rats.

Mallicket al., ( 2016 )stated that the treatment of extract from sesame seed (ESS) at the
dose 25mg/kg body weight/day/rat orally there was evidence of progress in blood vessel and liver
tissue but also co-administration of ESS which fed orally sesame seed extract at the dose 50mg/kg
body weight/day/rat and 75mg/kg body weight/day/rat orally were seen well organized liver cells like
normal central vein (CV).and normal hepatocytes as well as in control group rats .Li et al,
(2020)reported that white sesame seeds can improve liver fatty lesions and lipid metabolism disorder,
and can reduce lipid accumulation on the liver, thereby protecting the liver and reducing the risk of fatty
liver. The reasons for the observed improvements in liver histology pictures may be that sesame seeds
contain active components such as sesamin,sesamolin, and tocopherols, etc. Noguchi et al.
(2004)have shown that sesame lignin has the function of protecting liver.

In conclusion, the present study indicates that the bioactive effects of raw sesame seeds and
other two treatments on atherosclerosis and inflammation in rats. And suggest that Raw, Roasted and
Fermented Sesame Seeds could retard the progression of inflammation and atherosclerotic lesion
development and therefore may be useful as a health supplement for the prevention and treatment of
inflammation and atherosclerosis diseases

Table (1):
Effect of Raw, Roasted and Fermented Sesame Seeds Intake on Atherogenic Index and
Lipoproteins Ratio of Al Atherosclerotic Rats.

Parameters
Al LDL-c/HDL-c
Groups
control Negative (-) 0.18" 0.71+ 0.46 +0.15
Positive (+) 0.29% 4.09+ 291+ 0.30°
Raw Sesame seeds Level (1 )* 2.66+ 0.42° 1.90+ 0.39°
level (2)** 1.97+ 0.23%¢ 1.41+ 0.22%¢
Roasted sesame Level (I )* 237+ 0.37°¢ 1.76+ 0.32°¢
seeds level (2)* 1.33+ 0.36° 0.87+ 0.35%
Fermented sesame Level (1 )* 1.82+ 0.15%° 1.24+ 0.14%°
seeds level (2)* 1.37+ 0.09° 0.90+ 0.06°

- Results are expressed as means + SD.

-Values at the same column sharing the same superscript letters are not significantly different
(P=< 0.05). - *level (1) = 100 gm. /kg diet - ** level (2) =150 gm. /kg diet

Al: Atherogenic Index HDL-C: Serum High Density Lipoprotein Cholesterol

LDL-C: Low Density Lipoprotein Cholesterol .
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Table (2):
Effect of Raw, Roasted and Fermented Sesame Seeds Intake on Serum Liver Function Enzymes
of Atherosclerotic Rats.

Parameters ALT AST
Groups (U/L) (U/L)
| Negative (-) 12.33 +2.51 © 8.00 + 1.00 °
contro

Positive (+) 17.33 +5.50*° 11.00 + 3.09 ¢
Level (1)* 21.33+2.081° 27.66 +4.16°
Raw sesame seeds — —
level (2)** 16.33 +351°% 18.00 £ 6.55 ™
Roasted sesame Level (1)* 21.33+6.51 ° 17.66+ 5.13 °°
seeds level (2)** 19.66 +3.05 2° 20.66+ 5.68 *°
Fermented sesame Level (1)* 19.33+ 2,512 20.00+ 3.03°
seeds level (2)** 14.66 + 2.516"° 24334321 °

- Results are expressed as means + SD.

= Values at the same column sharing the same superscript letters are not significantly different
- level (2) ** =150 gm. /kg diet

(P< 0.05).

= ALT: Alanine amino transferase.

- level (1) * = 100 gm. /kg diet

-AST: Aspartate amino transferase.

Table (3):
Effect of Raw, Roasted and Fermented Sesame Seeds Intake on Serum Urea and Creatinine

Concentrations of Atherosclerotic Rats.

Parameters

Urea Creatinine
Groups (mg/dl) (mg/dl)
Negative (-) 38.10+ 3.85 *° 0.65 + 0.104%

control Positive (+) 27.06 +2.11°° 0.61 + 0.09 ®°

Level (1)* 31.33 +2.289°¢ 0.69 £0.15%
Raw sesame seeds 5

level (2)** 31.63+3.85"¢ 0.74 +0.02°?

Level (1)* 40.90+3.62° 0.67 = 0.052
Roasted sesame seeds

level (2)** 4116+ 6.50° 0.66 + 0.11°
seeds level (2)** 26.10 +4.24° 0.47 +0.06°

- Results are expressed as means + SD.

= Values at the same column sharing the same superscript letters are not significantly different

(P< 0.05).

level (1) * = 100 gm. /kg diet

- level (2) ** =150 gm. /kg diet
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Table (4):

Effect of Raw, Roasted and Fermented Sesame Seeds Intake on Serum Vitamin E and Some
Oxidative Stress Markers of Atherosclerotic Rats.

eters Vitamin E MDA SOD

Groups (mg/dl) (nmol/ml) (u/ml)
Negative (-) 176.81+ 6.48 ¢ 0.45 +0.09 ¢ 0.66 +0.11 2

trol )

contro Positive (+) 132.80+6.94" | 1.263+0.10 * | 0.14+0.11°
Raw sesame Level (1 )* 480.00 +7.00 0.90 + 0.10° 0.27 +0.09 ©
seeds level (2)** 752.69+7.10 © | 057+0.11°° | 0.37+0.09°
Roasted Level (I)* 848.66 + 6.95° 0.72 +0.11°° 0.34+0.09 °
sesame seeds level (2)** 1269.28 +7.05° | 0.75+0.11° | 041+0.10°
Fermented Level (1 )* 833.91+ 6.95 ¢ 056 +0.10°° | 0.36+0.11°
sesame seeds level (2)** 135052+7.01° | 047+ 009 | 0.56 +0.09°

- Results are expressed as means + SD.

- Values at the same column sharing the same superscript letters are not significantly different
(P=<0.05). - level (1) * = 100 gm. /kg diet - level (2) ** =150 gm. /kg diet
-MDA : Malondialdehyde - SOD: Superoxide dismutase
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Table (5):

Effect of Raw, Roasted and Fermented Sesame Seeds Intake on the Paw's Thickness of
Atherosclerotic Rats after the Induction of Pedal Inflammation.

Duration Zero time 3 Hr. 6 Hr. 1 Day 2 Day 4 Day 6 Day
Groups (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Positive Control 1.66+0.5 250 + 2.83% 2.66% 2.43t 2.26% 2.16+
7° 0.33° 0.28° 0.28° 0.40° 0.24° 0.28°
.| 233 2.33% 2.50+ 2.30t 2.03% 2.00+
Level (1)* | 1.67+0.29 - ) . . . .
0.28% 0.28 0.50 0.40 0.05 0.40
Raw Inhibition% | = 6.8 17.67 6.02 5.35 10.18 7.41
sesame
seeds level (2 1.33t 2.16% 2.00+ 1.83+ 1.83t 1.83+ 1.66+
0.28° 0.28%° 0.40°¢ 0.28"° 0.28° 0.28%" 0.28°¢
Inhibition% 19.88 13.6 29.33 31.21 24.7 19.03 23.15
Level (1) 1.50+ 2.30+ 1.83+ 1.83+ 1.83+ 1.83+ 1.83+
0.26 ? 0.50° 0.28"¢ 0.28"° 0.28° 0.28%" 0.28"¢
Inhibition% 9.64 8 35.34 31.21 24.7 19.03 15.28
Roasted
cesame | level (2 133+ 2.00 1.66+ 1.66+ 150 + 1.50+ 1.50+
0.28° 0.40%¢ 0.23° 0.28"° 0.24° 0.26°¢ 0.26°¢
seeds
Inhibition% 19.88 20 41.35 37.6 38.28 33.63 30.56
Level (1) 1.33+ 2.33% 2.33% 2.16+ 2.00+ 1.83+ 1.83+
0.28° 0.57%" 0.76" 0.57" 0.50%" 0.28%° 0.28"¢
Fermented| Inhibition% 19.88 6.8 17.67 18.8 17.7 19.03 15.28
e | o P 1.83% 1.66+ 1.50% 1,50+ 1.33% 1.23+
seeds 0.27° 0.28° 0.28° 0.26° 0.26° 0.16° 0.14¢
Inhibition% 21.69 26.8 41.35 43.61 38.28 41.15 43.06

- Results are expressed as means + SD.

- Values at the same column sharing the same superscript letters are not significantly different
- level (1) * = 100 gm. /kg diet

(P< 0.05).
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Photo (1):
Kidney of a negative control group showing the
normal histological structure of renal parenchyma
(H & EX 400).

Photo (2):
Kidney of a positive control group showing
necrobiotic changes of renal tubular
epithelium and fibroplast proliferation in the
renal glomeruli and the renal interistial tissue
(H & EX 400).

Photo (3):
Kidney of atherosclerosistic rats fed on basal diet +100
gm. /kg diet milled raw sesame seeds showing Kidney
revealing necrobiotic changes of the tubular epithelium
manifested by strongly eosirophilic cytoplasm and
pycrolic nuclei mean while the interistial tissue revealing
mild fibrous connective tissue proliferation (H & EX 400).

Photo (4):
Kidney of atherosclerosistic rats fed on basal
diet +150 gm. /kg diet milled raw sesame
seeds showing renal cast (H & EX 400).

Photo (5):
Kidney of atherosclerosistic rats fed on basal diet
+100 gm. /kg diet milled roasted sesame seeds
showing necrosis of renal tubular epithelium and
atrophied glomeruli with proliferation of fibroplast
in the interistial tissue (H & EX 400).

Photo (6):
Kidney of atherosclerosistic rats fed on basal
diet +150 gm. /kg diet milled roasted sesame
seeds showing necrobiotic changes in the
renal tubular epithelium and renal cast (H &
EX 400).
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Photo (7): Photo (8):
Kidney of atherosclerosistic rats fed on basal | Kidney of atherosclerosistic rats fed on basal
diet +100 gm. /kg diet milled fermented | diet +150 gm. /kg diet milled fermented
sesame seeds showing necrobiotic changes of | sesame seeds showing hyper cellularity of the
the tubular epithelium renal cast and atrophied | glomerular tuft that tends to fill all the

glomeruli Bowman’s space and necrosis in the
(H & EX 400). glomerular  capillaries  with  necrobiotic
changes in the tubular epithelium
(H & EX 400).

Photo (9): Photo (10):
Liver of a negative control group showing | Liver of a positive control group showing
normal fatty degenerated hepatocytes (H & EX | dilated and engorged portal blood vessels and
400). initial fibroblast proliferation
(H & EX 400).

Photo (11): Photo (12):
Liver of atherosclerosistic rats fed on basal diet Liver of atherosclerosistic rats fed on basal
+100 gm. /kg diet milled raw sesame seeds diet +150 gm. /kg diet milled raw sesame
showing fatty changes of the hepatocytes seeds showing mild focal area of fatty
together with area of focal coagulation necrosis change
(H & EX 400). (H & EX 400).

Photo (13):
Liver of atherosclerosistic rats fed on basal diet Photo (14):
+100 gm. /kg diet milled roasted sesame seeds | Liver of atherosclerosistic rats fed on basal
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showing moderate fatty changes of the | diet +150 gm. /kg diet milled roasted sesame
hepatocytes. (H & EX 400). seeds showing some fatty changes of the

Photo (

Liver of atherosclerosistic rats fed on basal diet | Liver of atherosclerosistic rats fed on basal
+100 gm. /kg diet milled fermented sesame | diet +150 gm. /kg diet milled fermented
seeds showing moderate fatty change and | sesame seeds showing moderate fatty
hepatocytes showing individual cell necrosis. | change and few hepatocytes showing
(H & EX 400). individual cell necrosis

(H & EX 400).
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