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Background: Consumption of unsaturated fats reduces the serum level of lipids and leptin.
Thyroid hormones and leptin play pivotal roles in metabolism and their amounts are inter-
related. This study was done to compare the effects of Mellissia officinalis extract and
atorvastatin on the serum levels of thyroid hormones in hypercholesterolemia rats.
Materials and Methods: Consumption of unsaturated fats reduces the serum level of lipids
and leptin. Thyroid hormones and leptin play pivotal roles in metabolism and their
Hypercholesterolemia amounts are inter-related. This study was done to compare the effects of Mellissia
Mellissia officinalis officinalis extract and atorvastatin on the serum levels of thyroid hormones in
Thyroid hypercholesterolemia rats.

Results: The results showed that in experimental groups receiving the plant extract and
atorvastatin, the concentration of thyroid hormones increased, whereas the amount of the
thyroid-stimulating hormone showed a significant decrease (p<0.05).

Conclusion: Mellissia officinalis extract decreases TSH but it increases T; and T,4. Further
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studies are required for applying this extract to the treatment of hyperthyroidism.
Copyright © 2013 Zahedan University of Medical Sciences. All rights reserved.

Introduction

hyroid hormones play a key role in growth, cell

division, and regulation of the basic metabolism of

body. To date, the role of these hormones and their
relationship with the metabolism of several compounds
have remained unknown, e.g. the relationship between
thyroid hormones and blood fats so that in
hypothyroidism, the concentration of blood fats,
especially cholesterol, increases [1, 2].

Since ancient times, medicinal plants have been applied
to the treatment of various diseases. The history of using
medicinal plants in Iran dates back to several thousands of
years ago and it has been particularly emphasized in
maintaining health and treating diseases. Indeed, in
various eras, natural remedies, especially medicinal
plants, were the basis of and, in some instances, the only
methods of treatment. Moreover, the majority of the
plants and herbs used in traditional medicine were native
to Iran [3, 4].

Melissa officinalis or Lemon balmon, belonging to the
Lamiaceae family, is a medicinal plant native to East
Mediterranean region and West Asia. In Iran, this plant is
known as Badranjoobeh and grows largely in Tehran,
Golestan, Azarbayjan, Lorestan, and Kermanshah [5, 6].
This herb possesses antispasmodic, sedative, hypnotic,

nutritional, anti-flatulent, and perspirational properties [5,
7]. Melissa officinalis also enhances memory and relieves
stress [8, 10] and it is applied to the treatment of sore
throat, herpes, and headache [3, 5]. In Iran, it is used for
treating bad-temper, anxiety, and nervousness in young
girls and women [35, 6, 11, 12]. Melissa officinalis can be
effective in the treatment of fever, indigestion, insomnia,
and epilepsy as well as epilepsy [13]. One of the main
properties of Melissa officinalis is its anti-oxidant
property [14] which is due to the presence of special
compounds in it. Melissa officinalis extract has
polyphenolic compounds, such as quercetin, gallic acid,
and rutin, as well as flavonoid, aldehyde, and tannin
compounds [14].

Thyroid glands regulate the metabolism of body through
secreting T; (triodothyronine) and T, (thyroxine)
hormones and their function is of particular importance so
that changes in their function bring about extensive
changes in the body. During the low metabolism state, the
level of thyroid hormones decreases and during the high
metabolism state, this level increases. TRH (thyrotropin-
releasing hormone) which is released from the para-
ventricular nuclei of hypothalamus affects the anterior
hypophysis gland and results in secretion of TSH
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(thyroid-stimulating hormone) [15-18] which, in turn,
leads to the secretion of T and T4 [19-21].

Statin family of drugs is highly effective in lowering
plasma cholesterol and preventing heart diseases. Statins
inhibit HMG-CoA (3-hydroxy-3-methylglutaryl-
coenzyme A) and increase the activity of LDL (low-
density lipoprotein) receptors. Statins which are currently
used include atorvastatin, simvastatin, fibrates, and
nicotinic acid [22, 23]. By stimulating the production of
free radicals from neutrophils and monocytes,
hyperlipidemia plays an indirect role and it is considered
a major risk factor for cardiovascular diseases worldwide
[24, 25].

Due to its medicinal properties, Melissa officinalis has
been used in other studies for examining its effects on
Alzheimer’s disease, memory, learning, and depression.
However, to date no study has been done comparing the
effects of Melissa officinalis extract and atorvastain on the
amount of thyroid hormones in hypercholesterolemic rats.
Therefore, the present study was done to compare the
effects of Melissa officinalis extract and atorvastatin on
thyroid hormones in hypercholesterolemic rats.

Figure 1. Melissa officinalis

Materials and Methods

This experimental study was done on male Wistar rats
supplied from the animal breeding center of Arak
University of Medical Sciences. The rats were kept in
special cages in standard conditions of temperature and
light ad libitum. Animal care and handling was performed
according to the guidelines and ethical codes set by the
Iranian Ministry of Health and Medical Education for lab
animals. Before launching the project, all of the rats were
weighed to make sure that they were within the same
range of weight (17045 g). Overall, 60 rats were
randomly assorted into 6 groups of 10 each:

1. Control group: Throughout the experiment, the rats
did not receive any vehicle or drugs and had a normal
diet.

2. Injection sham group: Hypercholesterolemic rats
(cholesterol 2% was added to their food to render them
hypercholesterolemic) were daily administered 0.2 ml of
normal saline.

3. Treatment group 1: Hypercholesterolemic rats were
administered 25mg/kg (minimum dose) of the alcoholic
extract of Mellissia officinalis oral emulsion through
gavage over 21 days.

4. Treatment group 2: Hypercholesterolemic rats were
administered 50mg/kg (moderate dose) of the alcoholic
extract of Mellissia officinalis oral emulsion through
gavage over 21 days.

5. Treatment group 3: Hypercholesterolemic rats were
administered 75mg/kg (maximum dose) of the alcoholic
extract of Mellissia officinalis oral emulsion through
gavage over 21 days.

6. Atorvastatin group: In this group, 10 mg/kg of
atorvastain in the form of oral emulsion was administered
to hypercholesterolemic rats through gavage over 21 days.
For preparation of the alcoholic extract of Mellissia
officinalis (Fig. 1), standard methods of extraction were
utilized. After providing Mellissia officinalis plant, it was
cleaned, dried, powdered, and eventually poured into a
capped glass container and was mixed with ethanol
alcohol 96%. The mixture was allowed to mix well for 72
hours. After that, it was first filtered and then centrifuged.
The resulting mixture was placed in a hot bath to allow its
alcohol to evaporate completely.

After this stage, due to the presence of water, the extract
was still like a fluid and for complete evaporation of
water; it was kept at 40°C and then placed adjacent to
sodium chloride. Eventually, the intended doses were
obtained from the resulting compound (the plant extract).
Since this extract was not soluble in distilled water, its
oral emulsion was administered to the rats through
gavage.

For preparing high cholesterol 2% food, 20g of Merck
pure cholesterol powder (Fluke Chemika) was solved in 5
ml of heated olive oil and was mixed with 1kg of the rats
food. All of the treatment groups received a fatty diet
during the experiment. The experiment was carried out
over a 21-day period and the injections were done through
gavage everyday at 9 am. Injections were made in the
form of an oral emulsion. After this period, mild
anesthesia using ether was done for obtaining blood
samples from the rat’s heart to examine the concentration
of thyroid hormones in the samples. After centrifuging the
blood samples at 6000 rounds per minute, serum samples
were isolated and transferred to the lab for measuring the
intended factors. The obtained mean values for the
activity of thyroid hormones and thyroid stimulating
hormone (TSH) in different groups was statistically
analyzed by one-way ANOVA, Duncan test, and Tukey
test using SPSS 11.5. F-test was used to determine the
degree of significance (p<0.05) (values are given as
mean).

Results

The comparison between the results of statistical

analysis indicated that the amount of T; in the sham group
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Table 1. The comparison between effect of different doses of Melissa officinalis and atorvastatin on parameters of thyroid function.

Groups Control Sham MO Minimum Dose MO Moderate MO Maximum Atorvastatin
Parameters (25 mg/kg) Dose (50mg/kg) Dose (75mg/kg)

Tx(ng/dl) 1.79+0.2 1.1120.1% 2.17£0.05 2.0120.17 240.17 1.8+0.17
Ta(g/dl) 4.18+0.1 432403 5.41+0.1F 5.88+0.1% 5.10£0.3 5.54+0.41
TSH (p IU/d]) 5.91+0.1 5.65+0.2 4.07+0.1% 4.52+0.1#1 3.91+0.2} 3.46+0.11

T Comparison with the sham group,* Comparison with the control group, # Comparison with atorvastatin

receiving a fatty diet significantly decreased in
comparison with the control group, whereas changes in all
of the treatment groups presented significant increases
compared with the sham group (p=0.001). However, none
of the treatment groups receiving the extract presented
significant changes compared with one another and the
atorvastain group (Table 1).

Although T, level in the sham group did not
significantly differ from its corresponding level in the
control group. All of the treatment groups except for the
sham group presented significant increases (p=0.001).
Nevertheless, none of the treatment groups that received
the extract revealed significant changes compared with
each other and the atorvastatin group.

In terms of TSH, the control group did not present any
significant changes compared with the sham group while
all of the treatment groups showed significant decreases
compared to the sham group. In addition, the treatment
group receiving the moderate dose of the extract showed a
significant increase in comparison with the atorvastatin
group (p=0.001), whereas none of the treatment groups
receiving the extract presented significant changes
compared to each other.

The amount of cholesterol in the sham group which only
received a fatty diet showed a significant increase in
comparison with the control group. This indicated that
receiving a fatty diet could render the rats
hypercholestromic. Moreover, all of the treatment groups
presented significant decreases in comparison with the
sham group which indicates the effects of the extract on
the amount of cholesterol and thyroid hormones
(p=0.001).

Discussion

The findings of the present study showed that thyroid
hormones increased in treatment groups receiving the
extract as well as the group receiving atorvastatin;
however, TSH levels decreased in these groups. In
addition, the amount of cholesterol in the sham group
showed a significant increase compared with the control
group but its amount decreased in all of the treatment
groups. In fact, there was a significant negative
relationship between thyroid hormones and fat level.

In the sham group, with an increase in the level of fat,
the amount of thyroid hormones decreased [21].
Furthermore, increase in fat and its residue in liver results
in the dysfunction of liver e.g reduction in the synthesis of
plasma proteins especially albumin. Since albumin is
responsible for transferring thyroid hormones, their lack

of transfer and reduction in plasma occurs which confirms
what was observed in the hypercholesromic sham group.
With increase in the expression of fat into the liver, the
incidence of liver dysfunction is likely and increases in
cholesterol and bilirubin may ensue. With progression of
liver cirrhosis and stimulation of liver tissue, the amount
of plasma proteins, especially albumin, increases. Hence,
due to the transfer of thyroid hormones by these proteins,
increase in their amount in blood may even be observed in
the hypercholestromic sham group in the long-run. In
Shekarforoush et al’s study on Mellissia officinalis, this
was accompanied by increases in liver enzymes and
plasma proteins which, in turn, lead to increases in
thyroid hormones [2, 22, 23].

To date, ample scientific evidence indicating the effects
of Mellissia officinalis extract which grows abundantly in
Iran, on the pituitary -thyroid axiom has not been found.
The studies done on Mellissia officinalis so far have only
dealt with the anti-oxidant [14], anti-microbial [14], and
genotoxic and anti-genotoxic [13] properties and its
effects on memory, learning, and Alzheimer’s disease [8,
9]. A study on the effect of hydro-alcoholic extract of
Mellissa officinalis on mice demonstrated its sedative
properties at low doses. At higher doses, it had analgesic
effects on writhing test following the administration of
acetic acid as well as hypnotic effects at lower doses of
phenobarbital [3, 6].

Another study showed that the hydro-alcoholic extract
of Mellissia officinalis (through percolation and
sacculation methods of extraction) at 75, 50, 100, 200,
and 300 mg/kg had analgesic effects at minutes 15 and 30
which gradually decreased with the passage of time. The
maximum analgesic response was induced in minute 15 of
injection and the most effective dose was the 200 mg/kg
dose.

In addition, the analgesic effect of the extract obtained
through percolation method was more than sacculation
method which was hypothesized that probably
compounds sensitive to heat in Mellissia officinalis which
are responsible for the analgesic effect are partly damaged
and decomposed due to the heat generated in sacculation
method of extraction which eventually decrease the
effective part of the plant [7].

Akhoonzade et al. demonstrated that Mellissia officinalis
in addition to possessing acetylcholine substrate and
hence manifestation of agnonistic effects on cholinergic
receptors, inhibits acetylcholine esterase enzyme and
enhances the function of cholinergic system and
eventually improves the memory. Thus, it has a multitude
of effects on the central nervous system and is effective in
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treatment of Alzheimer’s disease [8, 9]. Rostami et al. in
their study entitled “The comparison between the anti-
oxidant effects of Mellissia officinalis leaves and vitamin
C on learning disorders induced by lead acetate in rats”
showed that the effect of Mellissia officinalis is similar to
vitamin C and it can be used as a natural anti-oxidant [9].

Solimani et al. stated that the chemical compounds
present in Mellissia officinalis, including citral,
citronellal, geraniol, caffeic acid, atenolol, citronellal, and
geraniol, Thymol, Trans- ocimene, Ursolic-acid., Ogenol
acetate, rosmarinic acid, mono-carbon phenolic acid, and
flavonoids. It should be noted here that the anti-
spasmodic and anti-inflammatory effects of the extract on
rats have been attributed to Ogenol. This plant contains
flavonoids and terpenoids as well and anti-spasmodic and
anti-inflammatory effects have been reported for
flavonoids and terpenoids and the direct interaction of
flavonoids and prostaglandin synthesis have been proven.
Therefore, from among different candidates, flavonoids
present in this extract can probably influence pain [26,
27]. Compounds present in Mellissia officinalis, in
addition to being capable of bonding with muscarinic and
nicotinic acetylcholine receptors have the inhibitory effect
on acetylcholine esterase enzyme; therefore, they can
improve cognitive functions such as memorization [9].

In another study it has been mentioned that narcotics
may lead to the generation of anxiolytic effects.
Researchers also maintain that anxiety is a compelling
factor in heroine addicts’ tendency for taking medications.
Hence, anxiety may affect the increased preference of
dependent rats in morphine places on CPP (conditioned
place preference). By treating anxiety, tendency toward
morphine may decrease in dependent animals; thus,
noticing the anti-anxiety effect of Mellissia officinalis
(probably through its activity in transferring serotonin or
bonding with GABA receptors), the effect of increased
preference on CPP test decreases and moderates the
symptoms of morphine withdrawal syndrome [6, 26].
Moreover, the ethanolic extract of Mellissia officinalis has
a moderating function in bonding with the location of
GABA receptors. One study showed that intracerebral and
intraperitoneal administration of GABA A and B agonist
receptors results in leaping and ESC due to naloxone in
morphine withdrawal syndrome in mice. Hence, it is
likely that one part of the effects of Mellissia officinalis is
manifested through empowering acetylcholine esterase
and the remaining part is brought about by bonding with
GABA receptors [7, 27]. The secretion of TSH is
triggered by hypothalamus para-ventricular nucleus TRH
and studies have shown that some neurotransmitters and
neuromediators control the neurons that release TRH in
hypothalamus. Some of these neuromediatory structures,
such as catecholamines (epinephrine, norepinephrine,
serotonin, and dopamine) have an intensifying role while
some others, such as interleukin-1 and GABA, have a
reducing role [28].

Increase in serotonin decreases TRH secretion which is
followed by decreased levels of plasma TSH and,
eventually, T; and T, hormones. Other studies have
indicated that dopamine both at hypothalamus level, by

decreasing TRH release, and at pituitary level, directly,
prevents the secretion of TSH and reduces the plasma
levels of TRH both in free and linked with plasma
proteins forms [28, 29].

Through D, receptors, dopamine prevents the secretion
of TSH from the anterior hypophysis (pituitary gland) and
by stimulating the secretion of somatostatin, it decreases
the secretion of thyroid releasing hormone and T; and T4
levels [30]. Hence, the results of the present study
confirm the findings of other researchers. The findings of
other studies on the antidepressant effects of Mellissia
officinalis indicate that during depression, MAO enzyme
is inhibited [5]. Dopamine and other catecholamines are
decomposed and neutralized by MAO enzyme and extra-
neuronal enzyme named catechol-O-methyltransferase
(COMT) [31]. In the anti-depressant mode, MAO enzyme
is inhibited which results in dopamine increase that
eventually prevents the secretion of TSH. Therefore, in
the present study, TSH reduction sounds more reasonable.
On the other hand, when the level of thyroid hormones
surpasses the normal level, its negative feedback on
hypophysis and hypothalamus prevents the synthesis and
secretion of TSH [3].

Based on the findings of this study, increases in the level
of thyroid hormones and lack of a significant increase in
TSH level seem normal. Gamma-aminobutyric acid
(GABA) is a major inhibiting neurotransmitter in human
central nervous system [32]. In fact, GABAergic system
is a desirable target in pharmacologic strategy which
cures stress [32]. Mellissia officinalis extract, on the other
hand, affects GABA through two mechanisms: 1)
GABAergic property which inhibits GABA) col inergic
property by inhibiting acetylcholine esterase and 2) the
ability of colinergic cerebral receptors [33]. Various
studies have shown that GABA inhibits and reduces
TRH; therefore, its inhibition increases TRH and
eventually other thyroid hormones. Based on the findings,
increases in the level of thyroid hormones in the presents
study is natural. Thyrotropin which is a stimulating
hormone released from hypothalamus affects the anterior
part of hypothalamus and results in the secretion of
thyroid-releasing hormone [34, 35].

Thyroxin and triiodothyronine thyroid hormones are
affected by TRH secreted from adnohypophys [36, 37]
and increase in thyroid hormones through negative
feedback mechanism can result in TSH decrease. In the
present study, noticing the increase in T; and T, thyroid
hormones, TSH reduction is predictable. Establishment of
equilibrium between energy intake and expenditure is
done by a variety of complex hormonal and neural
mechanisms.  These mechanisms affect energy
metabolism and appetite based on the nutrient molecules
existing in blood and body fat reserves [38].

Studies have shown that blood fat level, including
triglycerides and cholesterol, in a group treated with a
fatty diet increases and there is a direct relationship
between the level of fat and leptin while there is a
significant negative relationship between T; and leptin.
This study indicates the presence of a relationship
between fat, leptin, and thyroid hormones [39].
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In addition, Saeb et al. in their study on the effect of
wild pistachio on thyroid hormones, leptin, and fat
showed that during their experiment, with increases in the
level of thyroid hormones, leptin and fat levels decreased
which indicated the presence of a negative relationship
between them [21]. Leptin is a hormone with the
molecular weight of 16 KDA which is essentially secreted
from fat tissue cells. By bonding its specific receptors in
hypothalamus, leptin affects appetite and some other
biological functions. Leptin is coded by Ob gene and its
main physiological role is decreasing weight via reducing
appetite for food and increasing the production of energy
from body fat reserves.

The serum leptin concentration has a direct relationship
with the amount of fat tissue and its amount increases
with obesity and severely decreases during hunger and
malnutrition [40, 41]. Leptin is essentially responsible for
transmitting information on the amount of energy reserves
to the brain and through connecting to its receptor in the
central nervous system participates in regulation of the
energy level of body. Increase in the plasma concentration
of leptin decreases the energy or appetite while during
decreased energy intake, it leads to more energy
consumption from the body fat storage reserve.

The results of studies on animals have shown that leptin
injection increases thyroid hormones, decreases
thyrotrpine (TSH), and increases pholicolic cells [15].
Also, Fain et al. reported leptin mRNA increase in
hypothyroid rats which was reduced by T; administration
[21, 39]. As it was observed, in the present study, T level
decreased in the sham group receiving the fatty diet which
is in agreement with the findings of the aforementioned
studies. The fatty diet probably through increasing the
level of leptin caused the reduction of thyroid hormones
in the sham group. Unsaturated fatty acids reduce serum
leptin level and reductions in serum leptin and serum
cholesterol level and their relationship with thyroid
hormones have a positive effect on the prevention of
cardiovascular diseases [21]. In this regard, Reseland
stated that that in rats fed with diets rich in unsaturated
fatty acids, the amount of leptin decreases [42].

In his study, Kratz compared the effect of a diet rich in
MUFA and alpha-linoeic acid and a diet rich in
unsaturated fatty acids on decreasing serum leptin level.
The diet rich in sunflower and olive oil did not reduce
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