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Abstract
Melissa officinalis is a plant that

has been widely used as an herbal medicine
in many countries. Unfortunately, despite
the prevalent medicinal uses of the plant,
there are no reports on the possible toxic
effects of M. officinalis. This study was
designed to evaluate the effect of long-term
administration of hydro-alcoholic extract of
M. officinalis on some biochemical and
hematological parameters and histopatholo-
gy of organs. Thirty Sprague-Dawley rats
were allocated to three equal groups. The
animals in groups A and B received 600 and
1200 mg/kg M. officinalis extract, respec-
tively, for 30 days. The rats in group C were
given gavaged saline as control. The ani-
mals were euthanized at the end of experi-
ment and the blood samples were collected
for biochemical and hematology analysis.
Additionally, appropriate tissue samples
were collected from kidney, liver, spleen,
heart and lung for light microscopic exami-
nation. M. officinalis caused a significant
increase in the alanine aminotransferase
level in the treated rats. Although the
increase in creatine phosphokinase and lac-
tate dehydrogenase levels were observed in
group A and B, respectively, but there were
no significant differences. A significant
decrease was observed in the total protein
and albumin concentrations in serum of
treated rats as compared to the control
group. The creatinine concentrations were
significantly higher in the group B when
compared to the other groups. There were
no significant differences in cholesterol,
triglyceride and urea concentrations
between all groups of rats. The main
histopathologic findings in the liver were
included hepatocyte degeneration, conges-
tion and dilation of sinusoids, proliferation
of bile ducts and infiltration of mononuclear
cells around the portal area. Histopathologic

examination of the kidneys showed a tubu-
lar degeneration and necrosis, tubular and
glomerular atrophy and congestion. These
lesions were more prominent in the high
dose treated rats. The findings suggest that
long-term administration of M. officinalis
extract even at low doses induces hepatic
and renal lesions in rats.

Introduction
Medicinal plants are popular remedies

used by a majority of the world´s popula-
tion. The efficacy of medicinal plant in the
management of diseases is unquestionable.
The World Health Organization estimated
that 80% of the people in different countries
use plants as their primary source of med-
ication.1 Plants commonly used in tradition-
al medicine are assumed to be safe and their
toxicity and pharmacological aspects are
not considered. This safety is based on their
long usage in the treatment of diseases
according to knowledge accumulated over
centuries. Recent evidence suggests that
some of the herbs considered to be safe over
the last many decades have proven to be
associated with health hazards. Adverse
reactions may result from irrational usage,
such as excess dosage. Furthermore, medic-
inal plants can act either as agonists or
antagonists that potentiate some drug thera-
pies.2 Information on the toxicity of the
plants is very important as a baseline before
further exploring its development as a new
herbal medicine.3 Balm (Badrangboya in
Persian) (Melissa officinalis L.), member of
the family Lamiaceae (formerly Labiatae) is
an aromatic (lemony) perennial herb, up to
about 1 m high, growing in the
Mediterranean region, western Asia, south-
western Siberia, and northern Africa.4

Lemon balm is a medicinal plant as well
as most important commercial plants during
the recent decades.5 In folk medicine, balm
has been traditionally used for different
medical purposes as tonic, antispasmodic,
carminative, diaphoretic, surgical dressing
for wounds and relief of stress induced
headache.6 Additionally, it is very useful for
promoting sleep, nervous complaints, lower
abdominal disorders, gastric complaints,
migraine, hysteria and melancholia, nerv-
ous debility, toothache, earache and high
blood pressure.4

Balm contains volatile oil, glycosides of
the alcoholic or phenolic components of the
volatile oil (eugenol glucoside), caffeic acid
derivatives (rosmarinic acid), flavonoids
(cynaroside, cosmosin, rhamnocitrin, iso-
quercitrin), phenolic acid (carnosic acid),
and triterpene acids (ursolic and oleanolic

acid). The last two compounds are well
known antioxidants.7 Despite widespread
use of M. officinalis as herbal medicine, no
toxicological data is available regarding the
safety of its long-term consumption.
Therefore, as part of a safety evaluation of
M. officinalis, a toxicological study was car-
ried out to investigate its potential toxicity
after 30-day repeated oral dosing of M.
officinalis ethanolic extract in rats.

Materials and Methods 
Animals

Adult Sprague-Dawley rats of both
sexes weighing 200 to 220 g were pur-
chased from University of Medical
Sciences (Kermanshah, Iran). The animals
were housed under standard environmental
conditions (23±1°C, with 55±5% humidity
and a 12 h light/dark cycle) and maintained
with free access to water and ad libitum
standard laboratory diet (70% carbohy-
drates, 25% proteins, 5% lipids). The rats
were randomly assigned into three diabetic
and one control group (n=10). The study
was approved by the local ethics committee
of our faculty, in accordance with the ethics
standards of Principles of Laboratory
Animal Care.
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Plant material and hydro-alcoholic
extract preparation 

Fresh leaves of M. officinalis was
obtained from the local market. Plant spec-
imen was subjected to air-drying for three
days and then the dried leaves was ground-
ed into powder. The powder was extracted
by 1 L of hydro-ethanol mixture (80/20,
v/v) for 8 h. This step was repeated for four
times. The filtrate was pooled and concen-
trated under vacuum at a temperature, not
exceeding 60°C. The alcoholic extract was
stored at -20°C until being used.

Experimental design 
In the present experiment, 30 rats were

used. The rats were divided into three
groups. Ten rats were used in each group.
The animals in groups A and B received 600
and 1200 mg/kg body weight M. officinalis
extract, respectively. The rats in group C
were given gavage saline as control.

At the end of the experiment, animals
from each group were weighed, euthanized
and blood and tissues were obtained for bio-
chemical, hematological and histopatholog-
ical analysis.

An automated cell counter (Sysmex
K1000) was used to analyze blood for
hematological parameters, to determine the
hemoglobin concentration (Hb), red blood
cell count (RBC), packed cell volume
(PCV), Mean corpuscular volume (MCV)
and mean corpuscular hemoglobin concen-
tration (MCHC). For serum, clotted blood
was centrifuged for 10 min at 3000 rpm and
separated sera stored at −20ºC until ana-
lyzed. Serum samples were analyzed by
Hitachi autoanalyzer for the activities of
aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and concentrations
of lactate dehydrogenase (LDH), creatine
phosphokinase (CPK), albumin, choles-
terol, triglyceride, total protein, creatinine
and urea. For histopathological evaluation,
appropriate tissue samples were collected
from the kidney, liver, spleen, heart and
lung were then fixed in 10% neutral
buffered formalin, embedded in paraffin,
sectioned at 5 µm thickness, and stained
with hematoxylin-eosin staining for light
microscopic examination. Description and
scoring of histopathological lesions were
performed according to the method of
Ozden et al. (2005).8

Statistical analysis
For hematological and biochemical

parameters analysis, descriptive statistics
including the mean, standard deviation,
median, minimum and maximum were cal-
culated for all variables. The ANOVA and
Tukey tests were used for comparison of
different parameters. For histopathological

evaluation, differences among groups were
evaluated using X2 and Kruskal-Wallis
tests. Data were analyzed by SPSS soft-
ware, version 16 and P<0.05 was accepted
as statistically significant.

Results
Clinical findings

The observation showed no significant
in food intake between different groups dur-
ing the experiment. Most of the water con-
sumption was observed in group A (an aver-
age of 27.7 mL/mouse/day) in compared to
group B (21.9 mL) and group C (20.2 mL).
Semi liquid diarrhea was observed in the
treated rats during the period of the experi-
ment. All the rats subjected to the experi-
ment showed an overall increase in body
weights as compared to the initial weights.
These results were as expected because the
rats were in the growing stage. However,
high dose treated rats showed lower average
body weight. Although, body weights of
animals increased in all groups, but there
was no significant difference between
groups (Figure 1).

Behavioral changes in both groups
treated with M. officinalis were observed
during the period, while the rats in the con-
trol group were normal and did not display
significant changes in general behavior.
Postural abnormalities, confusion, lethargy
and reduced mobility were the main behav-
ioral changes in the treated groups; howev-
er, they were more prominent in group B.

Biochemical and hematological
analyses

The mean ± SE of the hematological
values in the treated and control rats are pre-
sented in Table 1. A significant decrease in
the number of RBCs is observed in the
treated rats in compared to the control
group (P=0.039). Clear leukocytosis was
recorded in the treated rats with more than
4.2×103/µL WBCs in group A and
4.3×103/µL WBCs in group B, but these dif-
ferences were not statistically significant in
compared to the control group. The mean
hemoglobin (Hb) value was 13.78 dL/gr in
the control group and a significant decreas-
es were observed in group A (13.56 dL/gr)
and B (12.26 dL/gr) (P=0.007). Other
hematological parameters remained within
physiological range.

The mean ± SE of the biochemical val-
ues in the treated and control rats are pre-
sented in Table 2.

The ALT level was significantly lower
in groups A and B when compared to the
control group (P=.004). However, the

Serum AST was higher in rats treated with
low dose of M. officinalis as compared to
control and high dose treated rats, but these
differences were not statistically significant
(P=0.08). The highest levels of CPK and
LDH were observed in group A (534 U/dL)
and B (502 U/dL), respectively, but there
were no significant differences (P>0.05) as
compared to the control group. Albumin
concentrations decreased significantly in
serum of treated rats in groups B when com-
pared to the group A and control (P=0.03).

Total protein concentrations in serum of
rats dosed orally with M. officinalis extract
decreased significantly in both treated
groups (P=0.01). There were no significant
differences in urea concentrations between
all groups of rats. However, the creatinine
concentrations were significantly higher
(P<0.05) in rats treated with high dose of M.
officinalis extract as compared to control
and low dose treated rats. Oral administra-
tion of M. officinalis extract did not cause
any significant changes in serum choles-
terol and triglyceride. 

Histopathological changes
No significant gross pathology was

observed in any of the rats at necropsy.
Livers and kidneys of all control rats were
histologically normal, however these organs
in the groups that received different doses
of the extract showed mild, moderate, and
severe tissue injuries.

The main histopathologic findings in
the liver were included hepatocyte degener-
ation, congestion and dilation of sinusoids,
bile ducts proliferation, infiltration of
mononuclear cells around the portal area,
polymorphism hepatocytes, central vein
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Figure 1. Effect of extract of M. officinalis
on rats’ body weight. Different letters in
each column show significant differences
between the groups (P<0.05). Values are
presented as mean ± standard error.

Non
 co

mmerc
ial

 us
e o

nly



[page 28]                                                 [Veterinary Science Development 2017; 7:6298]

congestion and focal necrosis (Figure 2).
The extent and severity of the lesions were
dose dependent and they were more promi-
nent in the group B, which received a high
dose of extract (Table 3).

Histopathologic examination of the kid-
neys showed a tubular degeneration and
necrosis, tubular and glomerular atrophy
and congestion and diffused interstitial and
glomerular hemorrhages (Figure 3). These
lesions were significantly prominent in the
group B. Histopathological changes scores
of the study groups were shown in Table 4.

No pathological lesions were seen in the
spleen, heart and lung in the rats of treated
and control groups.

Discussion
Plants have been used for many thou-

sands of years in food preservation, phar-
maceuticals alternative medicine and natu-
ral therapies.9 Despite lack of scientific val-
idation and toxicity evaluation, herbal med-
icines have received greater attention as an
alternative to clinical therapy and the
demand for these remedies has currently
increased.10

Herbs in their natural state vary in
potency and may contain various bioactive
substances, which can cause undesirable
side effects. Therefore, it is necessary to
investigate these plants scientifically to
improve the quality of healthcare. The
experimental screening method is important
in order to ascertain the safety and efficacy
of traditional and herbal products, and also
to establish the active component of the
herbal products. 11

                             Article

Figure 2. Liver sections of the treated groups. A) hepatocytes degeneration (H&E;
×3000); B) congestion and dilation of sinusoids (H&E; ×3000); C) dilation of portal area
and bile ducts proliferation (H&E; ×300); D) infiltration of mononuclear cells around
the portal area (H&E; ×750); E) an increase of fibrous tissue around the portal area
(H&E; ×3000); F) focal necrosis (H&E; ×3000).

Table 1. Hematological parameters in Sprague-Dawley rats after 30 days treatment with M. officinalis extract. 

Hematological parameters             Control                    Low dose (600 mg/kg)               High dose (1200 mg/kg)                  P value

RBC (106/μl)                                                   8.09±0.32                                         7.77±0.32                                                     6.97±0.14                                             0.039
WBC (103/μl)                                                  2.80±0.17                                         4.20±0.04                                                     4.30±0.84                                             0.087
HCT (%)                                                          42.66±1.09                                         47±2.61                                                      41.30±2.46                                            0.194
PLT (103/μl)                                                  796.6±24.02                                   1054.8±151.16                                              855.4±163.11                                          0.365
PCT (%)                                                            0.70±0.06                                          0.89±0.2                                                      0.75±0.22                                             0.731
MCV (Fl)                                                           52.6±0.6                                          60.4±0.92                                                       59±2.34                                               0.007
MCH (pg)                                                         16.92±0.3                                         17.5±0.81                                                    17.52±0.69                                            0.761
MPV (Fl)                                                            8.64±0.6                                           8.1±0.63                                                      8.22±0.83                                             0.856
MCHC (g/dL)                                                   31.9±0.23                                        29.28±1.73                                                   30.26±2.08                                            0.512
RDW (%)                                                         15.34±0.11                                       15.64±0.22                                                   14.52±0.56                                            0.115
PDW (%)                                                          5.66±0.23                                          5.5±0.16                                                      7.18±0.76                                             0.050
HGB (dL/gr)                                                   13.78±0.38                                       13.56±0.13                                                   12.26±0.31                                            0.007
RBC, red blood cell count; WBC, white blood cell count; HTC, hematocrit; PLT, platelets; PCT, platelet hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MPV, mean platelets volume; MCHC,
mean corpuscular hemoglobin concentration; RDW, red cell distribution width; PDW, platelet distribution width; HGB, hemoglobin. Values are expressed as mean ± standard error. P<0.05 was considered significant.
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Chronic toxicity studies in animals are
valuable in predicting potential toxic effects
of a substance or a plant extract from which
the response may be correlated with human.
It also gives an idea about the organ system
involvement.9

M. officinalis is a medicinal plant and it
is widely used in Iran as well as western
Asia and northern Africa. Although, some
recent studies on Melissa have shown its
therapeutic effects and chemical composi-
tion, but there is no information about the
clinical effects of long-term administration
of M. officinalis and its potential toxicolog-
ical effects on the various organs.

In the present study, the evaluation
reports showed an overall increase in body
weights of the rats in all groups as com-
pared to the initial weights. These results
were as expected because the rats were in
the growing stage. However, higher dose
treated rats showed lower average body
weight. This may be due to the presence of
some substances in M. officinalis that could
have limited the food intake.

In this experiment, there is no signifi-
cant change in hematological parameters
like WBC, HCT, PLT, PCT, MCH, MPV,
MCHC, RDW and PDW in the treated ani-
mals. The red blood cell was found to be
significantly decreased (P<0.05) in Groups
A and B. Additionally, clear leukocytosis

was recorded in the treated rats, but these
differences were not statistically significant
in compared to the control group.

The hematopoietic system is one of the
most sensitive targets for toxic chemicals
and an important index of physiological and
pathological status in human and animal.12

                                                                                                                             Article

Figure 3. Kidney sections of the treated groups. A) tubular degeneration and necrosis
(H&E; ×3000); B) tubular and glomerular atrophy and congestion and diffused intersti-
tial and glomerular hemorrhages (H&E; ×750).

Table 2. Biochemical parameters in Sprague-Dawley rats after 30 days treatment with M. officinalis extract.  

Biochemical parameters                 Control                    Low dose (600 mg/kg)               High dose (1200 mg/kg)                  P value

ALT (U/dL)                                                        98.4±1.8                                          126±3.58                                                      134±9.98                                              0.004
AST (U/dL)                                                        49±4.50                                            53±1.92                                                         49±2.9                                                0.620
LDH (U/dL)                                                  488.50±18.34                                   428.66±22.40                                                  502±25.6                                              0.330
CPK (U/dL)                                                      482±22.9                                          534±34.7                                                      446±19.1                                              0.240
ALB (mg/dL)                                                    4.06±0.05                                         3.94±0.08                                                     3.46±0.19                                             0.030
TG (mg/dL)                                                     46.40±0.67                                          46±0.7                                                       45.40±5.16                                             1.00
Cholesterol (mg/dL)                                       83±0.89                                          89.2±2.69                                                        83.2±9                                                0.890
TP (mg/dL)                                                      6.80±0.08                                         5.80±0.08                                                     5.90±0.05                                             0.010
Creatinine (g/dL)                                           0.55±0.05                                         0.60±0.07                                                     0.68±0.04                                             0.008
Urea (mg/dL)                                                  56.2±3.83                                         61.6±6.06                                                     60.6±7.43                                             0.805
ALT, anine-aminotransferase; AST, aspartate-aminotransferase; LDH, lactate dehydrogenase; CPK, creatine phosphokinase; ALB, albumin; TG, thrombin generation; TP, thrombin potential. Values are expressed as mean
± standard error. P <0.05 was considered significant.

Table 3. Histopathological change scores of liver in all study groups. 

Histopathological changes                   Control                 Low dose (600 mg/kg)            High dose (1200 mg/kg)                    P value

Hepatocyte degeneration                                            -                                                   2+                                                             2+                                                     0.001
Congestion of sinusoids                                              -                                                    +                                                              2+                                                     0.003
Dilation of sinusoids                                                     -                                                    +                                                              2+                                                     0.001
Congestion of portal vein                                           +                                                   +                                                               +                                                      0.003
Dilation of portal area                                                  -                                                    +                                                              3+                                                        0
Central vein congestion                                               -                                                   2+                                                             2+                                                     0.001
Bile ducts proliferation                                                -                                                     -                                                                +                                                         0
Portal area inflammation                                            +                                                  2+                                                             2+                                                        0
Polymorphism hepatocytes                                         -                                                    +                                                              2+                                                        0
Prominent nucleolus                                                  2+                                                 2+                                                             2+                                                        1
Hepatocytes with eosinophilic cytoplasm              +                                                  2+                                                             2+                                                     0.005
Focal necrosis                                                                -                                                    +                                                              2+                                                        0
Portal area fibrosis                                                       -                                                    +                                                               +                                                      0.005
P<0.05 was considered significant. No lesion (-); mild (+); moderate (2+); severe (3+).
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Hematological changes such as anemia
are often accompanied with bone marrow
toxicity.13 Additionally, lysis of blood cells
due to administration of some agents can be
another reason for anemia.9

In this study, although the number of
RBC decreased after administration of M.
officinalis in compared to control, but their
number remained in the normal range and
suggesting that there is no lysis of blood
cells and the decrease in RBC count may be
attributed to the less production or release
of RBC in the bone marrow. Increase in
WBC may indicate the impact of M. offici-
nalis in stimulating the immune system of
the treated groups. 

Transaminases, LDH, and alkaline
phosphatases are good indices of liver, heart
and kidney damage respectively. An
increase in the level of AST and ALT in the
blood reflects the structural and functional
dysfunction of hepatocellular membrane or
cell rupture, and thereby indicate liver dam-
age associated with tissue injury and the
reflection of hepatic toxicity.1

In the present study, the ALT level was
significantly higher in the treated rats when
compared to the control. However, AST
level was not affected by M. officinalis,
when is compared treated and controls ani-
mals. The significant increase in the level of
ALT can be due to liver damage that is con-
sistent with the histopathological findings.
Although it was expected that the treated
rats showed an increase in AST level, the
lack of significant alterations in the AST
level is not reasonable. However, some ref-
erences have mentioned that the ALT level
is the hallmark of hepatocyte injuries in the
rat, not AST and the increase in ALT with-
out alterations in the AST level is logical.14

There were no significant differences in
the LDH and CPK levels between treated
and control groups. This indicates that the
serum levels of these parameters were not
affected by the consumption of M. offici-
nalis.

There were no significant changes

found in the cholesterol and triglyceride
concentrations in serum of treated groups as
compared to control. The liver is the site of
cholesterol disposal or degradation and the
major site of synthesis.10 Since, no signifi-
cant changes in cholesterol levels in this
study, it suggests that M. officinalis extract
had no effects on the cholesterol metabo-
lism of the treated rats.

Renal glomerular functions are assess-
able by measuring the plasma creatinine
and urea concentrations. Urea is synthe-
sized in the liver as the primary by-product
of deamination of amino acids. Creatinine is
a by-product from muscle as its concentra-
tion in blood will be affected by any
changes in muscle mass.15,16 Hence,
increase in plasma creatinine or urea con-
centration would indicate renal damages.

In this experiment, the treated rats
showed a significant increase in the creati-
nine concentration in compared to the con-
trol group. This indicates some injuries to
the kidneys especially in the glomerular
renal functions as a result of long term M.
officinalis extract administration. There
were no significant differences in urea con-
centrations between all groups of rats.

Total protein and albumin concentra-
tions decreased significantly in the treated
rats when compared to the control.
Generally, diarrhea is assumed to cause
intestinal protein loss and consequently a
reduced total protein serum concentration.17

Histological examination is the golden
standard for evaluating pathological
changes in tissues and organs when exposed
to the foreign compounds which may or not
to be toxic.10

The main histopathologic lesions in the
liver due to administration of M. officinalis
were included hepatocyte degeneration,
congestion and dilation of sinusoids, prolif-
eration of bile ducts, polymorphism hepato-
cytes and infiltration of mononuclear cells
around the portal area. The lesions varied
from mild to moderate. These pathological
lesions accompany with an increase in the

ALT level indicate a mild to moderate liver
injury following long-term consumption of
M. officinalis extract.

Histological analysis of kidney showed
a mild to moderate tubular degeneration and
necrosis, tubular and glomerular atrophy
and congestion in the treated rats. These
findings are consistent with an increase in
plasma creatinine concentration in the treat-
ed animals.

Histopathological examination of other
organs from treated and control animals
showed normal structures, suggesting no
pathological changes and morphological
disturbances caused due to the administra-
tion of M. officinalis extract.

Conclusions
According to the biochemical, hemato-

logical and histopathological analysis, M.
officinalis was found to be toxic when long-
term oral administration was performed in
rats. Alterations in some hematological and
biochemical parameters and also mild to
moderate lesions in the liver and kidney
support the fact that they are plausible target
organs for adverse effects of M. officinalis.

This study showed that the use of
extract of M. officinalis is not completely
safe and much further studies should be per-
formed to verify the safety of this plant in
the traditional medicine.

The findings suggest that long-term
administration of M. officinalis extract even
at low doses induces hepatic and renal
lesions in rats.
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