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P19 e G B a0 [TDNCH  Melissa officinalis (MO) was shown to possess

antioxidant and anti-inflammatory properties and is traditionally believed to have anti-
hyperglycemic effects. This study aims to evaluate the protective effects of MO on
streptozotocin (STZ) induced pancreatic damage and thereupon diabetes in rats.

To induce diabetes mellitus (DM) in rats, STZ (60 mg/kg)
was injected intraperitoneally. Forty eight rats were randomly divided into four
groups: control 1 (C1) consisted of healthy rats, control 2 (C2) consisted of non-treated
diabetic rats, and treatment groups 1 and 2 (T1, T2) were the diabetics orally treated
with 150 and 300 mg/kg MO for 14 days, respectively. After euthanizing the animals,
their pancreases were extracted and sent for stereological evaluations. Volume density
(Vv; %), the absolute volume of the islets (mm?), numerical density of beta cells (Nv;
per mm?), and their total number (x10%), were measured. P-value<0.05 was considered
as statistically significant.

The treatment groups showed significant improvements in volume density
and total volume of the islets as well as the numerical density and the total number of
the beta cells (P<0.001). The treatment groups also had significantly lower blood
sugar compared to the untreated group (P=0.008).

According to our results, MO has shown promising effects on the
pancreatic beta cells against toxic chemicals such as STZ. However, further studies
are needed to examine the beneficial effects and possible adverse effects of MO in
laboratory models and also in humans.

Beta-cells, Diabetes mellitus, Langerhans Islets, Melissa officinalis, Rats,
Stereology
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Introduction

The prevalence of diabetes mellitus (DM) is increasing

Considering the complementary and alternative

because of population growth, aging, urbanization, the
growing frequency of obesity, and physical inactivity.
Previous studies highlighted that the number of patients
with diabetes will approximately be doubled between
2000 and 2030 (1). Impaired glucose metabolism and
insulin signaling pathways increase the oxidative stress in
general hemostasis resulting in long-term complications
of DM (2). Moreover, oxidative stress may also have a
role in the pathogenesis of DM by increasing insulin
resistance or decreasing insulin secretion (3). Therefore,
the administration of antioxidative agents might improve
or even prevent the disease. The current therapeutic
guidelines for DM include dietary and lifestyle
modifications, and administration of oral hypoglycemic
agents and insulin (4).
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medicine (CAM) therapies for DM, several methods have
been under investigation including acupuncture, hot tub
therapy, biofeedback, homeopathy, administration of
medicinal herbs, and nutritional supplementation (4, 5).
Some of these therapies have been shown to improve
glycemic control; however, the clinical effectiveness and
safety of many of them are yet to be distinguished. The
present evidence suggests that the consumption of
vitamin-C,  vitamin-E,  tocopherols, tocotrienols,
carotenoids besides, a diet high in vegetables and fruits
could protect patients against DM (6-9).

Over 400 medicinal plants were introduced as a
treatment for diabetes; however, a small number of these
were clinically approved (10). In this regard, it is worth
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mentioning that the development of Metformin was
based on Galega officinalis, which is rich in
hypoglycemic agent, Guanidine (10, 11). Melissa
officinalis (MO), also known as lemon balm, is a
medicinal plant from the family of Lamiaceae that has
been traditionally used as a medicine for several diseases
including DM. This plant originally comes from the
Eastern Mediterranean region and has been widely
recommended by ethnopharmacy, especially the
literature of middle-eastern regions (12). Previous
reports mentioned that MO has antiviral, antimicrobial,
antispasmodic, diuretic, sedative, and antioxidant
properties (13, 14). Moreover, prior animal studies
showed that the agent might have anti-diabetic, anti-
nociceptive, and lipid-regulating influences (15, 16).

As mentioned above, oxidative stress may play a role
in the pathophysiology of DM and diabetic sequelae.
Therefore, the appropriate use of medicinal plants with
high antioxidant potentials might prevent DM or
improve symptoms by inhibiting oxidation chain
reactions (3). Besides, MO has been traditionally used as
a treatment for diabetes and consists of several anti-
oxidative agents such as Rosmarinic acid and Quercitrin
(17). In this study, we used stereological and
histomorphometric =~ methods to  examine the
Streptozotocin (STZ) induced injuries to the pancreatic
beta cells and Langerhans islets to evaluate the
protective effects of MO in this model of experimental
diabetes in rats.

Materials and Methods
Extracting plant material

The plant was provided from Yasuj, Kohgiluyeh and
Boyerahmad province in  Southwestern Iran
(Herbarium no: 13131). The process was supervised by
the research center of agriculture and natural sources of
Yasuj University of Medical Sciences, Yasuj, Iran. MO
leaves were sterilized using ethanol 70% to reduce any
possible chemical or microbiological contamination
and dried at 50°C in shade. Then, 120 grams of dried
leaves were ground into powder. The powder was
mixed with 600 ml of ethylic-water (7:3) in Soxhlet
extractor for 72 hours; then, it was refrigerated at 3°C
for three days. After evaporation, a MO extract with a
16% concentration was obtained and kept at -18°C
until consumption.

Streptozotocin administration and hyperglycemia
induction

STZ (Sigma-Aldrich®, Steinheim, Germany) was
intraperitoneally injected to the rats by a dosage of 60
mg/kg of the body weight after 8 hours of overnight
fasting. The strategy was designed according to a
previous investigation, which showed the doses could
elevate fasting blood glucose (FBS) to more than 300
mg/dl in 8 out of 10 rats (18). Thereafter, FBS was daily
monitored by a Glucometer (Rightest GMI110,
Bionime™, Switzerland); a value higher than 300 mg/dl
was considered as diabetic (18).
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Animal models

Forty eight male adult normoglycemic rats (Sprague-
Dawley) weighing 23020 grams which were kept in
cages, were divided into 4 groups (n=12) in a random
manner. Free access to sufficient food and water and a
temperature of 2442°C plus 12-hour dark/light cycles
were provided. The research protocol was approved by
the institutional research board (IRB) of Shiraz
University of Medical Sciences, Shiraz, Iran.

The first group was designed to be non-diabetic
controls (C1) and merely received 1cc of distilled water
per oral (PO) every day. The second control group (C2)
was STZ-induced diabetics with no treatment and
received distilled water PO daily from day one.
Treatment group 1 (T1) consisted of diabetics that
received 150 mg/kg body weight MO extract solved in
distilled water, with a total volume of 1 mL, from the
first day for 14 days PO. The second treatment group
(T2) received a 300 mg/kg MO extract solved in distilled
water (1 mL) daily for 14 days. MO doses were picked
according to a previous pilot study, in which the lowest
doses with the best effects were chosen and STZ was
administered 7 days after starting the treatments (18).

Stereological study

Before euthanizing the models, to examine if there is
any difference between the investigated clusters, the
body weights of the rats were measured. On day 14, after
Ether-induced anesthesia, rats were killed by cervical
dislocation; their pancreases were extracted, weighed,
and the primary volume of the pancreases (V primary)
was estimated using “immersion method” (18). The
method of sectioning, processing, staining, and
measurement of the sections was fully described by
Noorafshan ez. al (19). The fixative solution was neutral
4% buffered formaldehyde solution (supplier methanol,
pH 6.9), and the incubation period lasted for 72 hours.
After tissue processing, the degree of shrinkage (d(sh))
of the pancreas and the final pancreas volume were also
measured according to the previously defined method
(19). The d(sh) was calculated according to the
following formula:

d(sh=1-(AP/BP)'®, as the AP is the area of each
section after processing and the BP is the same arca
before processing.

Volume density (Vv) of the pancreatic islets was
estimated by point-counting method using a video
microscopy system made up of a microscope (E-200,
Nikon, Tokyo, Japan) connected to a video-camera, a
computer, and a Microcator (MT-12, Heidenhain,
Traunreut, Germany) (18). The microscopic field of
each slide was selected in a systematic random method
and analyzed by 340x magnification (Figure 1). The
formula used to measure the Vv of the islets is as
follows (18):

Vv= PsietyPreference); Where the Psiery was the number
of points hitting the profiles of the islets and Peference)
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was the number of points hitting on the reference space Using the “optical dissector” technique with a final
(whole tissue). magnification of 3400x, the numerical density (Nv) of the
beta cells was determined using 20 um slides (Figure 2).

The absolute volume (V) of the islets were also Counting the cells was performed according to a method

assessed according to the following formula (18): used by Gundersen ef al. (20). The total number of the
V= VV*XV primary)*(1-d(sh)). beta cells (N(beta)) was additionally estimated (18).

Figure 1. Volume density (Vv) of the pancreatic islets was estimated by the point-counting method by using a video microscopy
system. The microscopic field of each slide was selected in a systematic random method and analyzed. The total number of points
hitting the islets is counted and divided by the total number of points hitting the whole tissue. The crosses are counted only if the
right upper corner of the cross hits the tissue (modified Aldehyde Fuchsin) (340x).

Figure 2. To estimate the numerical density (Nv) of the beta cells any cell that lied in the counting frame or touched the inclusion
borders (red dotted lines) and did not touch the exclusion borders (continuous red lines) and come into maximal focus within the
next traveling 5 pm optical section (height of the dissector) are counted (modified Aldehyde Fuchsin) (3400x).
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Ethical considerations

All institutional and national guidelines for the care
and use of laboratory animals were followed. Besides,
the study protocol was approved by the IRB of the
medical ethics committee of Shiraz University of
medical sciences, Shiraz, Iran (Reg. No: 90-01-61-
3948).

Statistical analysis

standard deviation (SD). Kruskal-Wallis and Mann-
Whitney U tests were used for the non-parametric data
analysis, and a P-value<0.05 was considered as
statistically significant.

Results

Our results demonstrated that there were no
significant differences between the groups concerning

body weight, pancreas weight, primary and the final
volume of the pancreases as well as the degree of
shrinkage (Table 1).

The measured volumes and counts were rendered into
SPSS (version 21.0, SPSS Inc., Chicago, IL., USA).
Descriptive analysis was used to compute the mean and

Table 1. Effects of Mellisa officinalis (MO) on STZ-induced diabetes in rats.

Pancreas volume Islets Beta cells Blood
o,
Body Pancreas Primary Final Shrink Vv Total Nv Total S
3 3 o o volume 3 number

) (mg) (mm) ) %) ) (R ermm) TS (PR

c1 221.87 860.41 830.31+ 711.79 14.27 0.96 6.81 1933.38 1.16x 138.52
+9.16 +74.22 45.79 +33.7 +0.15 +0.91 +2.06 +391.27* 0.39* +41.23

2 209.43 872.39 918.21+ 715.44 22.35 0.39 2.78 127.81 0.27+ 721.33
+11.60 +97.24 82.13 +92.84 +0.21F +0.73} +0.54+ +84.571 0.18F +29.317

T1 201.18 880.81 841.18+ 613.42 26.21 0.66 4.05 586.27 0.97+ 522.18
+7.22 +82.27 17.28 +64.17 +0.54 +0.14* +0.90* +32.56* 0.85* +91.22*

T2 198.45 849.19 832.75+ 681.03 18.8 0.58 3.95 493.81 0.83+ 484.38
+9.27 +38.71 49.91 +36.16 +1.54 +0.13* +1.56* +139.39* 0.23* +81.51*

Weights of the rats (g) and their pancreases (mg), primary and final volume of pancreases (mm?®), shrinkage ratio (%), volume density (Vv; %)
and total volume of the pancreatic islets (mm?®), numerical density (Nv; per mm?) and the total number of beta cells (x10°) in each group: C1 as

non-diabetics, C2 as not treated diabetics, T1 as diabetics with 150mg/kg MO, and T2 as diabetic rats with 300 mg/kg MO (n=12).

* P<0.05 vs. C2 group
7 P<0.05 vs. C1 group

Significant differences were presented between the
two treatment groups and the untreated group (C2)
regarding the volume density and total volume of the
islets, numerical density, and population of the beta cells
(P<0.001). Treatment groups (T1 and T2) also had an
increase of blood glucose, which was considerable
compared to normal rats (P<0.001), but significantly
lower than that of the untreated C2 rats (P=0.008).

Discussion

DM has become a certain concern for health care
systems due to its significant influence on health, quality
of life, and life expectancy. More than 300 medicinal
species have been introduced in order to manage DM,
such as Olea europaea, Momordica charantia,
Amygdalus  scoparia, Allium  sativum, Anethum
graveolen, Cinnamomum  verum,  Securigera
securidaca, Citrullus colocynthis, Arctium lappa, and
Zataria multiflora (4, 21). Commonly, it is believed that
herbal medicines might have fewer side effects and
complications than conventional therapies as they are
naturally produced. Moreover, these agents are
considered among the main components of
complementary and alternative medicine (CAM) (22).

To the best of our knowledge, our investigation is
the first study that evaluates the effects of MO in STZ-
induced diabetes in rats using stereological methods.
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Our results showed that MO administration for
diabetic rats could improve beta cell functions by
increasing the volume density and total volume of the
pancreatic islets and also lowering the blood glucose.
Moreover, the numerical density and population of
the beta cells were also increased after MO
administration. These results are consistent with the
findings of an earlier investigation that showed the
destruction of the pancreatic islets could be prevented
by administrating MO in STZ-induced diabetic
animal models (23).

While the present study also showed MO
supplementation could significantly lower the serum
glucose in STZ-induced diabetic rats, the blood
glucose had not been reverted back to the normal
levels. Consistently, both in vitro and in vivo studies
demonstrated that MO supplementation could have
hypoglycemic effects (16, 24-27). It was shown that
the agent can stimulate cellular glucose consumption
and prevent the lipid accumulation into cells (28).
Administration of MO increased serum insulin and
decreased oxidative stress via various pathways (16,
28). In another study, the diabetic rats that were
treated with MO extract had restored their euglycemic
state and lost body weight (15). A clinical trial found
MO extract supplementation could significantly
improve fasting blood glucose and hemoglobin A1C
in diabetic patients (29). Moreover, MO extract had

Journal of Advances in Medical and Biomedical Research
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beneficial effects in terms of increasing the
apolipoprotein A-I and lowering the triglyceride
levels in diabetic patients without any serious side
effects (30, 31).

This study had several limitations to be mentioned.
The application of MO extract was started 1 week
before diabetes induction; however, the narrow
lifespan of the rats after STZ-diabetic induction has
limited the follow-up duration of the rats. Assessing
blood glucose using glucometer by obtaining blood
from the tail vein could cause increased stress to the
rats leading to increased blood sugar. Moreover, we
did not evaluate the oxidative biomarkers and
inflammatory markers that could be beneficial.

Conclusion

Mellisa officinalis hydroalcoholic extract could be
used as an alternative treatment or a supplement for
DM as it showed promising effects in terms of
preventing damage to pancreatic islets and beta cells.
However, further experiments, as well as clinical trials,
are still suggested to examine the beneficial effects and
possible adverse effects of MO in diabetes.
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