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© _ : ABSTRACT

Recelved: 15 Dec 2019 [X5E The research aimed to investigate the effects of harmal (Peganum harmal ) seed extract on the

Accepted: 24 Jun 2020 weight and some metabolic parameters.
Available Online:010ct2020 [Vl A EVEEIE Male rats, in groups of 7, received different doses of the methanol extract of harmal

seed (100, 200, and 400 mg/kg/d body weight) or placebo via a gastric tube for 42 days. At the end of the
experiment, the weights of the body, liver, spleen, and heart, and also the levels of some serum param-
eters, including glucose, cholesterol, triglyceride, low-density lipoprotein, high-density lipoprotein, insulin,
growth hormone, and thyroid hormones, as well as the composition of the carcass were investigated.

TS The mean weight gain, food intake, and the serum level of triiodothyronine (T3) significantly
declined in the rats receiving the extract at 400 mg/kg. In contrast, the serum level of cholesterol in the
group increased (P<0.001). The serum levels of glucose were significantly lower in all experimental groups
compared to the control. Furthermore, the groups treated with the methanol extract dose-dependently

Key words: showed higher serum lactate dehydrogenase levels compared to the control (P<0.05). No significant dif-
Peganum harmal , : ferences were observed regarding other studied parameters compared with the control group.
Obesity, Food intake, This research suggests positive effects for harmal extract on some metabolic parameters and
Thyroid hormones : weight. At least one of the involved mechanisms seems to be declined appetite and hence decreased
i feedintake.
English Version in kilograms divided by height squared in meters) of above
25 is considered as overweight and above 30 as obesity. Ac-
1. Introduction cording to the WHO report in 2016, more than 1.9 billion
people over the age of 18 were overweight, of which 650
besity is the most important nutritional million were obese. The prevalence of obesity among chil-
disecase in developed and developing dren is also increasing; currently, 41 million children under
countries, which its prevalence is in- the age of five are obese.
creasing rapidly. According to the World
Health Organization (WHO), the body mass index (weight Obesity is involved in many diseases, including diabetes

type I, cardiovascular disease, hypertension, metabolic
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syndrome, asthma, digestive disorders, skeletal problems,
and even some types of cancer [2]. Hence, in this field, a lot
of research is being done worldwide.

Harmal , scientifically named Peganum harmal , is a plant
of the Zygophyllaceae family. It is herbaceous and peren-
nial, with a height of 30 to 40 cm, and is mostly grown
as a wildflower in the barren lands of North Africa, the
Mediterranean region, Turkey, Syria, and Iran [3-6]. Har-
mal contains the alkaloids of harmaline, harmine, harmalol,
harman, and paganine. This plant also contains volatile es-
sential oil, tannins, and a glycoside flavonoid called ruto-
side [7].

In ancient Arab medication, harmal seed has been used as
a sedative, diaphoretic, anti-worm, and causing menstrua-
tion [4, 6, 7]. Harmal seeds have also been shown to have
anti-flatulence, milk-enhancing, body-warming, colic-re-
lieving, jaundice, sciatica, insanity, Alzheimer disease and
to be effective againgt [3, 5]. Harmal seed was known as a
drug and has been prescribed as a fever reliever and stom-
ach pain reliever [3]. According to new scientific research,
it has anti-pest, anti-microbial, anti-parasitic, anti-cancer,
anti-inflammatory, anti-seizure, and analgesic effects. Be-
sides, Its cardiovascular, teratogenicity, and antioxidant
properties of harmal have been proved. In traditional medi-
cine, it was also used for weight loss.

Since, according to the scientific methodology, sufficient
information about the effects of this herb on weight and
serum parameters is not available, this study investigated
the effect of its different doses of the methanolic extract on
weight and some metabolic parameters in rats.
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2. Materials and Methods

In this study, 28 male Wistar rats weighing 22060 g were
used. The rats were kept in the veterinary clinic of Ferdowsi
University of Mashhad, Mashhad City, Iran in the condi-
tion of 12 hours of light and 12 hours of darkness and an
ambient temperature of 20°C-24°C. The animals had free
access to drinking water during the experiment. Four days
before the experiment and throughout the experiment, the
rats were fed in separate cages (individually) with a normal
diet (Khorasan Javaneh Company, Mashhad) (Table 1).

Experimental groups

The rats were randomly divided into 4 groups. The groups
of 1 to 3 received 100, 200, or 400 mg of harmal methanolic
extract per kg of body weight daily for 6 weeks, depend-
ing on dry matter weight. Group 4, as the control group,
received only a placebo.

Studied parameters

Calculation of food intake and weight gain was per-
formed every 7 days after starting of treatment in all rats.
Also, the liver, spleen, and heart weights were assessed at
the end of the experimental period. After about 10 hours of
not feeding, the blood samples were taken from all rats on
day 42 under anesthesia (sodium thiopental: 60 mg/kg). To
separate the serum, blood samples were centrifuged at 3000
rpm for 20 minutes after coagulation. The feed conversion
ratio in the studied animals was calculated based on the fol-
lowing formula [8]:

Dietary intake in grams

Feed conversion ratio =
Increased body weight in grams

Table 1. Animal dietary nutrient composition based on the manufacturer’s brochure

Combination Value
Energy kcal/kg 2750
Protein 21%
Fat 5.6%-7%
Raw fiber 5.5%
Methionine 0.0.5%
Lysine 0.0.5%
Salt 0.5%
Calcium to phosphorus ratio 1.5-2.5
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The amount of total fat in the samples was determined us-
ing the Nafikov-Atkinson method [9]. In this experiment,
fats are dissolved in chloroform and other substances are
either dissolved in water and alcohol or deposited by cen-
trifugation and then removed.

To measure muscle protein, the sample was placed in
liquid nitrogen 3 times (15 minutes each) at 30-minute
intervals. The sample was mixed with 10 mL of 0.05 M
potassium phosphate buffer (pH 7.5 with 0.55 M potas-
sium iodide). After centrifugation (20 minutes, 3000 rpm)
of high solution (containing protein), muscle protein was
measured by Biore Method (Pars Azmoun Kit, Iran). The
percentage of dry matter of muscle was evaluated by the
following formula [10]

(weight of sample and plate

before placing in the oven)-

(weight of sample and plate
after placing in the oven)

Humidity percentage = - x100
Sample weight

Percentage of dry matter=100-Humidity percentage

The percentage of muscle ash was evaluated as follows
[10]:

The weight of sample and
container)-(the weight of
container)
Percentage of ash= - 100
Sample weight
280+ -e— Control
] - 100 mg
—4— 200 mg
2604 -+ 400 mg

Weight (g)
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Figure 1. Weight of the animals studied in different experi-
mental groups; The experimental groups received placebo
(control) or different doses of methanolic extract of pecan
seed through a gastric tube for 42 days. Data are expressed
as the mean+tstandard error of the mean (Mean+SEM).

Autumn 2020. Vol 26. Issue 4

The glucose (Pars test kit, Iran), cholesterol, triglycer-
ide (Biosystem commercial kits, Spain), and high-density
lipoprotein and low-density lipoprotein of serum (Pishtaz
Teb commercial kit, Iran) were measured by Autoanalyzer
(BT-3000, Italy) with a calorimetric method. The hormones
of insulin (DLS-1600 kit, Diasorin, Italy), growth (GH kit,
Diasorin, Italy), triiodothyronine (T3), and thyroxine (T4)
(Radim commercial kits, Italy) were measured with che-
miluminescence method (RAD-120, Italy). Total serum
protein was also measured with the Biore method (Pars
Azmoun Kit, Iran).

Statistical calculations and the figures were performed
by GraphPad Prism software (GraphPad Prism V. 5.0,
GraphPad Software, USA). The normal distribution of data
was checked and confirmed by the Shapiro-Wilk test and
the Kolmogorov-Smirnov test. The data are expressed as
Mean#standard error of the mean (MeantSEM). Statisti-
cal comparison between different experimental groups was
performed by analysis of variance (ANOVA) and Dant sup-
plementary test. In all cases, the difference was considered
significant at P<0.05.

3. Results

The mean body weight at the end of the 42-day experi-
mental period was higher in the control group than the ex-

$%545%%%
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Figure 2. Weight of animals studied in different experimental
groups; The experimental groups received placebo (con-
trol) or different doses of methanolic extract of pecan seed
through a gastric tube for 42 days. Data are expressed as
the mean+standard error of the mean (Mean+SEM). The
asterisk indicates a significant difference compared to the
control group (P<0.05).
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Figure 3. Rat food consumption in different experimental
groups; The experimental groups received placebo (con-
trol) or different doses of methanolic extract of pecan seed
through a gastric tube for 42 days. Data are expressed as
the meandstandard error of the error (Mean=SEM). The as-
terisk indicates a significant difference compared with the
control group (P<0.05).

perimental groups (Figure 1). The mean body weight in
the group received the highest dose of harmal extract was
lower than the other groups. However, the differences be-
tween different experimental groups were not statistically
significant.
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Figure 5. Blood serum cholesterol of rats in different experi-
mental groups; The experimental groups received placebo
(control) or different doses of methanolic extract of pecan
seed through a gastric tube for 42 days. Data are expressed
as the mean+standard error of the mean (Mean+SEM). The
asterisk indicates a significant difference compared with the
control group (P<0.01).

uarterly of

he Horizon of Medical Sciences

Glucose (mg/dL)

= B

Control 100 200 400
Harmal Extract (mg/kg)
uarterly of

he Horizon of Medical Sciences
Figure 4. Blood serum glucose of animals in different experi-
mental groups; The experimental groups received placebo
(control) or different doses of methanolic extract of pecan
seed through a gastric tube for 42 days. Data are expressed

as mean+standard error of the mean (Mean+SEM).

The mean weight gain concerning baseline weight at the
end of the 42-day of the experimental period was 33%
in the control group (Figure 2). The percentage of body
weight gain in the experimental groups was lower than the
control group. The lowest mean was observed in the group
of 400 mg/kg of extracts (15.5%, P<0.05). The average
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Figure 6. Blood high-density lipoprotein of the serum of
the rats in different experimental groups; The experimen-
tal groups received placebo (control) or different doses of
methanolic extract of pecan seed through a gastric tube
for 42 days. Data are expressed as the mean and standard
error of the mean (SEM). The asterisk indicates a signifi-
cant difference compared with the control group (*P<0.05,
**%p<(.001).
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food intake in this group was significantly lower than the
control group (Figure 3); however, the mean feed conver-
sion ratio did not differ between groups (Table 2).

Muscle characteristics such as fat percentage, protein, ash,
and dry matter did not show significant differences between
the experimental groups (Table 2). The percentage of body
weight of internal organs, including the liver, spleen, and
heart did not differ significantly between different groups
(Table 2). The serum glucose level in the treatment groups
was significantly lower than the control group (Figure 4).
However, cholesterol and serum levels of high-density li-
poprotein were higher in the treatment groups (Figures 5,
6). Other serum parameters, including triglyceride, lactate
dehydrogenase, and total protein did not show significant
differences between the experimental groups (Table 2).

Among the measured hormones, T3 was significantly
lower in the treatment groups at doses of 200 and 400 mg/
kg body weight than the control group (Figure 7). Other
studied hormones, including T4, growth hormone, and in-
sulin did not show significant differences (Table 2).

Table 2. Parameters studied in different experimental groups

Autumn 2020. Vol 26. Issue 4

4. Discussion

Obesity is a nutritional disease that is involved in many
cardiovascular, liver, joint abrasions, diabetes, and cancer
diseases [11, 12]. Around 60% of people over the age of 20
in Iran are overweight and obese. Also, 12%-18% of Ira-
nian adolescents are overweight and 6.5% of them are con-
sidered obese. Treatment of obesity reduces mortality from
diabetes by 92%, cancer by 60%, coronary artery disease
by 56%, and surgical death by 40% [12].

This study investigated the effect of harmal seeds on
the weight and food intake in rats. Also, a series of serum
biochemical parameters were primarily investigated the
possible mechanisms involved. The animals that received
harmal methanolic extract at a dose of 400 mg/kg showed
less weight than the control group. In this regard, in another
study, a significant weight loss has been reported in broilers
as a result of consuming this plant [13]. In another study,
however, the methanolic extract of harmal seeds at 200 and
250 mg per liter of drinking water increased the weight of
broilers. Increasing the dose to 300 mg/L, however, caused

MeantSD
Groups Parameters Control Harmal Seed Extract (mg/kg)
100 200 400

Food conversion ratio 19.4+1.4 30.8+7.3 29.3+6.1 32.845.6

Muscle fat (%) 7.1+0.7 6.8+0.5 6.1£0.8 5.8+0.6
Muscle protein (%) 15.2+1.3 14.2+1.7 13.2+1.5 12.9+0.3
Muscle ash (%) 1.86+0.37 1.45+0.12 1.66+0.21 1.51+0.21
Muscle dry matter (%) 33.3+0.7 31.2+0.6 31.4+1.1 30.8+0.5
Liver weight (%) 3.3740.10 3.45+0.09 3.41+0.07 3.53+0.07
Spleen weight (%) 0.29+0.01 0.31+0.02 0.31+0.02 0.300.02
Heart weight (%) 0.36+0.01 0.400.03 0.31+0.05 0.38+0.01
Triglycerides (mg/dL) 52.3+1.1 53.5+2.9 53.4+2.5 51.3+1.7

LDL (mg/dL) 8.620.6 8.0£0.4 7.7+0.6 8.0£0.5

Total protein (g/dL) 6.410.1 6.710.2 6.5£0.2 6.710.2

T4 (ug/dL) 2.340.2 2.2+0.4 2.240.2 0.2+0.1
Growth hormone (ng/ml) 0.10£0.02 0.08+0.00 0.08%0.01 0.08+0.01
Insulin (uU/ml) 0.09+0.00 0.100.00 0.09:0.00 0.09+0.00
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Figure 7. Serum T3 of animal blood in different experimental
groups

The experimental groups received placebo (control) or dif-
ferent doses of methanolic extract of pecan seed through a
gastric tube for 42 days. Data are expressed as the mean and
standard error of the mean (SEM). The asterisk indicates
a significant difference compared with the control group
(*P<0.01, ***P<0.01).

a significant decrease in this variable compared with the
control group [14].

In other studies, ethanolic and chloroform extracts of har-
mal have been reported to increase rat weight [15]. Har-
mine, one of the alkaloids in harmal seeds, does not affect
the weight of diabetic rats [16], but 4-hydroxy pipecolic
acid has reduced the weight of rats [ 17]. Based on this find-
ing, perhaps the weight loss effect of harmal in the present
study could be attributed to this substance.

On the other hand, in the present study, harmal metha-
nolic extract at a dose of 400 mg/kg reduced food intake;
however, in a study on broiler chickens, it did not affect
chicken food intake [14]. Harmine also did not affect the
amount of food consumed by diabetic rats [16]. The ob-
served differences may be due to differences in the species
under study. Considering the correlation between reduced
food intake and overweight, it seems that at least one of
the weight loss factors in treated rats can be considered as
decreased appetite.

The feed conversion ratio was higher in the groups that
received different doses of methanolic extract than the con-
trol group, but these differences were not significant. In a
study performed on broiler chickens, methanolic extract of
harmal seed improved feed conversion ratio [14]. Similar
results have been reported with harmal seeds [13], broilers
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seem to show different effects on receiving a methanolic
extract of harmal seed compared to rats.

In the present study, some serum parameters related to
weight and appetite were also examined. Glucose levels
decreased in rats that received different doses of harmal
methanolic extract compared with the control group; how-
ever, no significant change was observed in the serum insu-
lin hormone levels of the animals. But, studies by other re-
searchers have shown that ethanolic extract of harmal seed
significantly reduced blood glucose levels in the healthy
and diabetic rats [18].

The 4-hydroxy pipecolic acid stimulates glucose uptake
in muscle cells and reduces fasting serum glucose levels
in diabetic rats. Besides, it improves glucose tolerance. It
also lowers plasma insulin hormone levels and improves
insulin sensitivity by increasing its ability to lower blood
sugar [17]. It has been suggested that 4-hydroxy pipecolic
acid causes the transfer of GLUT-4 from the inside to the
surface of skeletal muscle cells and thus increases glucose
consumption [19].

Harmine has also been shown to improve glucose me-
tabolism in diabetic rats by increasing the expression of the
PPARYy gene involved in adipogenesis. The metabolic ef-
fects of harmine are partly due to the inhibition of the beta-
catenin molecule (B catenin) involved in the WNT signal
pathway (inhibitor of differentiation and expression of the
PPARYy gene) [16].

Since the serum levels of triglyceride are directly related to
obesity [20], the effect of different doses of harmal metha-
nolic extract on this parameter was also studied in the pres-
ent study, and no significant change in the serum levels of
triglyceride was observed in rats.

According to the results of a study, 4-hydroxy pipecolic
acid significantly reduced the serum triglyceride concentra-
tion of the rats [17]. Harmine also reduced the serum levels
of triglyceride in diabetic rats [ 16]. Given that the two com-
pounds existing in the seeds of harmal separately reduced
the triglyceride concentration, it is possible that other com-
pounds existing in the seeds of this plant, due to their inhibi-
tory or interfering role, neutralized the reducing effects of
triglycerides in the current study.

Because of the correlation between serum cholesterol
level with body metabolism and obesity [16], this serum
parameter was also investigated in the present study. In this
study, the amount of serum cholesterol in the group that re-
ceived the highest dose (400 mg/kg of extract) was signifi-
cantly higher than the control group [21]. Also, 4-hydroxy

Mollashahi E, Kazerani HZ. Metabolic Effects of the Methanol Extract of Harmal. The Horizon of Medical Sciences. 2020; 26(4):414-431.
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pipecolic acid (extracted from the seeds of harmal ) has re-
duced cholesterol concentration in the rats [17].

Differences in the studied species may cause differences
in the observed results. This event may also be attributed
to an increase in high-density lipoprotein and no change in
low-density lipoprotein. In the present study, harmal metha-
nolic extract had no effect on serum low-density lipoprotein
levels in rats; however, 4-hydroxy pipecolic acid isolated
from harmal seeds reduced low-density lipoprotein levels
in rats [17]. Differences in results may be related to other
compounds in harmal seeds.

In this study, serum high-density lipoprotein levels were
significantly and dose-dependently increased in the groups
that received harmal methanolic extract. Similar results
were observed with 4-hydroxy pipecolic acid increasing
the serum high-density lipoprotein concentration of Wistar
rats [17]. Therefore, perhaps the enhancing effect of serum
high-density lipoprotein in harmal seeds can be attributed to
4-hydroxypipecolic acid. Proteins, like carbohydrates and
fatty acids, play a role in the body’s metabolism and energy

supply [22].

In the present study, the methanolic extract of harmal seed
had no effect on serum total protein concentration. In an-
other study, harmal leaves reduced total serum protein in
chickens [21]. However, no similar study was performed
on the effect of methanolic extract of harmal seed on serum
protein.

Thyroid hormones increase energy consumption and
weight loss by increasing metabolism; however, T3 is more
active than T4 [22]. In this study, harmal extract signifi-
cantly reduced T3 but had no effect on serum T4 levels. In
another study, pecan seed extract reduced plasma levels of
the hormones T3 and T4 in rats [23].

Harmaline (one of the alkaloids in harmal seed extract)
has inhibitory properties for the enzyme monoamine oxi-
dase. On the other hand, if this enzyme is inhibited, the
levels of catecholamine neurotransmitters (dopamine, nor-
epinephrine, and epinephrine) and indoleamine (serotonin)
increase. Because serotonin is a neurotransmitter that inhib-
its the secretion of thyrotropin-releasing hormone, inhibi-
tion of this enzyme can reduce the level of thyroid-stim-
ulating hormone in plasma, followed by a decrease in T3
and T4 [24]. It seems that the weight loss observed in this
study is not only due to the increase in thyroid hormones,
but also these hormones decreased due to the consumption
of harmal extract.

Autumn 2020. Vol 26. Issue 4

Growth hormone stimulates the growth of various tissues
in the body, especially the growth of bones. It also increases
metabolism by 15%-20% [22]. Growth hormone levels are
lower in obese people [25]. There was no scientific report
on the effect of this herb on plasma growth hormone levels.
According to the present study, no change in serum growth
hormone levels was observed.

In the present study, the mean percentage of heart weight
was examined; there was no change in the mean heart
weight of the rats. Also, the mean weight percentages of
liver and spleen in rats that received different doses of
methanolic extract of harmal were not different from the
control group. No similar research was conducted on the
effect of this herb on the percentages of heart, liver, and
spleen weight.

5. Conclusions

In the present study, the effect of different doses of metha-
nolic extract of harmal seed for 42 days on weight, appetite,
and some serum parameters of growing rats was investi-
gated. The methanolic extract significantly prevented the
overweight of the studied animals. This effect was not asso-
ciated with the changes in insulin and growth hormone. On
the other hand, T3 hormone was not only not increased but
also significantly decreased in rats treated with the extract.
Since food intake in treated rats was significantly reduced,
it seems that the methanolic extract of harmal seed, at least
as one of the mechanisms involved, prevents weight gain in
rats by reducing appetite.
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