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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Lawrence Lash Background: Moringa stenopetala (Baker f.) Cudof. and Mentha spicata L. are widely used in the traditional system
of medicine for the treatment of diabetes, hypertension, digestive problems and various disorders. The leaves

Keywords: formulation of M. stenopetala and M. spicata herbal tea showed better antidiabetic and antihypertensive effects in

Moringa stenopetala rodent models. However, its long-term safety profile has not been investigated yet. Thus, this study investigated

Mentha spicata
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the subchronic (90 days) oral toxicity of the leaves formulation of M. stenopetala and M. spicata herbal tea in
Wistar albino rats.

Methods: Four groups of rats (n = 10, with 5/sex/group) were randomly assigned into a control (vehicle) group
and three test groups (559.36, 1118.72 and 2237.44 mg/kg, respectively). The three test groups received the
herbal tea of M. stenopetala and M. spicata leaves blend daily for 90 days. The control group received distilled
water. During the treatment period, clinical signs were observed daily, and food consumption and body weight
changes of the rats were measured weekly. At the end of the experiment, macro-pathological, hematological and
biochemical parameters were evaluated. Furthermore, histopathology of liver, kidney, heart, stomach and
pancreas were examined.

Results: Subchronic oral administration of the herbal tea of M. stenopetala and M. spicata leaves blend did not
result in death or significant toxicity signs in the treated group rats. Moreover, the herbal tea caused no sig-
nificant changes on body weight, food intake, organ weight, hematological and biochemical parameters in either
sex. However, the serum AST, CK and LDH levels were significantly elevated in rats treated with 2237.44 mg/kg
of herbal tea in both sexes. There was no significant alteration in the histology of organs, only minor lesions in
the liver, kidney and pancreas were observed.

Conclusion: The study results indicate that the herbal tea of M. stenopetala and M. spicata leaves blend is relatively
safe/low toxic to rats in subchronic exposure. However, further preclinical (chronic, teratogenic, reproductive
and developmental toxicity) studies in animals are required in order to have sufficient safety and toxicity profiles
for its use in humans.

Abbreviations: BASO, Basophil; CK, Creatine kinase; EOSI, Eosinophil; EPHI, Ethiopian Public Health Institute; LYMP, Lymphocyte; LDH, Lactate Dehydrogenase;
MONO, Monocyte; NEUT, Neutrophil; OECD, Organization for Economic Corporation and Development; PLT, Platelet; RH, Relative Humidity; TMMRD, Traditional
and Modern Medicine Research Directorate.
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A.H. Musa et al.
1. Introduction

Medicinal plants have been used worldwide as therapeutic agents for
centuries. In several African countries including Ethiopia, more than
80% of their population rely on medicinal plants for primary health care.
In such developing countries, where standard health services are
limited, medicinal plants are typically the preferred, inexpensive and
accessible remedies for disease management [1-3].

Moringa stenopetala (Baker f.) Cudof. and Mentha spicata L. are known
for their traditional medicinal and nutritional values [4,5]. Moringa
stenopetala is a member of the family Moringaceae. It is native to
Southern FEthiopia and Northern Kenya. In southern Ethiopia,
M. stenopetala is widely used as a therapeutic herb. People with diabetes,
high blood pressure, asthma and stomach problems boil the leaves as tea
and drink the extract to get relief [4,6]. The leaves of M. stenopetala are
reservoirs of beneficial phytomolecules such as alkaloids, flavonoids,
phenolic compounds, glycosides, saponins and glucosinolates [7,8].
Over the past several years, pharmacological studies have shown that
the M. stenopetala leaves possess antihyperglycemic, antihypertensive,
antihyperlipidemic and diuretic activities [9-11].

Mentha is a genus of aromatic herbs belonging to the family Lam-
iaceae. It is distributed all over the world, but it is native to temperate
regions of Europe, western and central Asia [5]. In many parts of
Ethiopia, Mentha spicata is widely used as a flavoring agent in various
food products. Besides its culinary use, it is used as a therapeutic herb in
the traditional system of medicine. The leaves of M. spicata are
commonly prepared in the form of tea infusion and are used to cure high
blood pressure, extended flow of menstruation, various digestive and
respiratory disorders [12-14]. The leaves of this plant contain alkaloids,
flavonoids, phenols, glycosides, steroids, and carvone [15-17]. The
leaves were also reported to possess different pharmacological activities
including antihyperglycemic, diuretic, antimicrobial, antioxidant and
anti-inflammatory properties [16,18,19].

Nowadays, herbal formulations have attained a widespread accept-
ability and popularity, owing to the fact that the herbal mixtures possess
some advantages which are not present in a single herb. Most of the
herbal formulations commonly consist of one main (a primary) herb and
one or more adjuvant herb [20]. Recently, herbal formulation contain-
ing leaves blend of Moringa stenopetala (primary herb) and Mentha spi-
cata (an adjuvant herb) was developed in the Traditional and Modern
Medicine Research Directorate (TMMRD) of Ethiopian Public Health
Institute (EPHI). Such leaves formulation has shown good physico-
chemical (e.g., good organoleptic properties, excellent flow and solu-
bility properties, optimal total phenolic and flavonoid contents, ash
value and moisture content as well as better particle size, angle of
repose, bulk and tapped density) and microbial quality properties than
the individual herbs. Moreover, the leaves blend of these herbs showed
better antihyperglycemic and antihypertensive effects on rodent models
of hypertension and hyperglycemia. Furthermore, the combined herbal
tea of M. stenopetala and M. spicata showed low toxic effects during acute
administration in rodents [21]. However, the long-term safety profile of
the herbal formulation of these herbs has not been investigated yet.

Even though any herbal medicines may be safe/low toxic in short-
term exposure, their repeated or long-term usage may cause adverse
effects. This was observed in long-term toxicity study of the leaf extract
of Acacia ataxacantha, where the extract (at doses of 200 and 400 mg/
kg/day) induced glomerular necrosis in the kidney, kupffer cells hy-
perplasia with hepatocellular necrosis in the liver and mucosal necrosis
in the stomach [22]. Furthermore, various adverse effects (hematolog-
ical and biochemical toxicity, organ toxicity, and teratogenic) have been
reported with different mono and poly-herbal materials [23-25].
Therefore, toxicity studies are important to ensure the safety of medic-
inal herbs within a scientific platform to be used as therapeutics. This
study was intended to evaluate the subchronic (90-days) toxicity of
herbal tea of M. stenopetala and M. spicata leaves blend in male and fe-
male Wistar albino rats. The findings of this study may fill literature gap
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on the long-term safety profile of this herbal product and may also
provide baseline data for further pre-clinical and clinical investigations.

2. Materials and methods
2.1. Plant materials collection and identification

Moringa stenopetala (Baker f.) Cudof. fresh leaves were collected from
Arba-Minch University experimental site, Arba-Minch town, Ethiopia
(6°01°59" N and 37° 32°59" E). Fresh leaves of M. spicata L. were
collected from Wondo Genet Medicinal and Aromatic Plant Research
Center, Wondo Genet town, Ethiopia (7°1’ N and 38° 35’ E). The leaves
of M. stenopetala and M. spicata were identified and deposited at the
Herbarium Unit of the TMMRD of EPHI, Addis Ababa, Ethiopia with
voucher numbers of Mst-011 and Msp-012 respectively.

2.2. Preparations of leaves formulation and tea infusion

The leaves of both plants were washed with distilled water, dried
under shade at room temperature, cut into small pieces manually, and
then pulverized individually with an electric grinder using a mesh size of
3 mm to produce coarse powder of the leaves. The coarse powder of each
herb was then sieved with different mesh size (5 mm-212 pym) to obtain
an appropriate particle size of 212 um granules. The granules of
M. stenopetala and M. spicata were weighed individually and then they
were uniformly mixed (in ratio of 85:15 w/w respectively) for 10 min
using an electric blender taking into consideration of 212 um for particle
sizes. The granules of these herbs were homogenized to visually
acceptable levels [21].

The amount of leaves blend (formulation) to be measured was
determined based on the total weight of rats in each dosage group. The
different doses (559.36, 1118.72 and 2237.44 mg/kg body weight)
selected for the present study were chosen based on pervious efficacy
and pre-clinical studies [11,19,21,26]. The measured leaves blend, for
each dosage group, was kept on filter paper in a funnel placed glass
beaker and a cup (100 ml) of boiled distilled water (94.5 °C) was poured
over it. The herbal tea infusion was then cooled at room temperature and
administered in a dosing volume of 2 ml/100 g body weight via
intra-gastric tube [11,21].

2.3. Experimental animals and ethical statement

Healthy drug naive male and female Wistar albino rats (Rattus nor-
vegicus, 8-9 weeks old and 150 —170 g body weight) were obtained from
the Animal Breeding Unit of EPHI. Throughout the experiment, all rats
were accommodated in the environmentally controlled animal room of
the TMMRD of EPHI (with 22 + 3° C, 30 - 70% RH and with 12 h light -
dark cycle). The rats were kept in clean plastic cages with wood shavings
as a bedding material (n = 5/sex/cage) and allowed free access to
standard pelleted diet and drinking water. The bedding was changed
twice a week. Drinking water was kept in a clean polypropylene bottle
with stainless steel sipper tube that was cleaned on daily basis. Prior to
testing, all rats were acclimatized for a week to the laboratory
conditions.

Care, accommodation and use of the animals were in accordance
with the European Union guidelines Directive 2010/63/EU [27]. For
euthanasia, the American Veterinary Medical Association guidelines
were used [28]. The study procedures were reviewed and approved by
institutional review board of the College of Health Sciences, Addis
Ababa University (protocol number: AAUMF-010/18/ANAT) in
compliance with the Organization for Economic Co-Operation and
Development (OECD) guideline test number 408, for testing of chem-
icals on repeated dose 90-days oral toxicity study in rodents [29]. For
reporting the experiment, the ARRIVE guidelines were used [30]. The
experiment was conducted in the laboratories of EPHI and Saint Paul’s
Hospital Millennium Medical College, Addis Ababa, Ethiopia.
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2.4. Experimental design

Twenty male and twenty female rats were randomly distributed into
four groups, each group with 10 rats of five males and five females. The
first (negative control) group received distilled water. The second, third
and the fourth groups received the herbal tea infusion of M. stenopetala
and M. spicata leaves formulation at doses of 559.36, 1118.72 and
2237.44 mg/kg respectively. The leaves formulation tea infusion was
administered via intragastric tube, once a day for 90 consecutive days
[29].

2.4.1. In-life observations and measurements

During the treatment period, the animals were inspected twice a day,
usually at the beginning and at end of each day, for mortality and signs
of severe pain and distress including excessive weight loss, severe
dehydration, self-induced trauma, and labored respiration. General
clinical observation was made once a day, especially after dosing, using
an individual clinical score sheet. Changes in general body condition
(emaciated, thin or obese), integumentary (abnormal skin, coat/fur),
ophthalmic (abnormal size, color, position of the eyeball, eyelids),
motor activities (atypical movement, gait), autonomic or physiologic
activities (abnormal salivation, respiratory pattern, dehydration) and
behavioral patterns (abnormal interaction) were evaluated. Body weight
of each rat was measured before dosing, thereafter once a week and
finally at necropsy. Food consumption was measured once a week per
cage (n = 5/sex).

2.4.2. Hematological and serum biochemical analyses

After the last administration (90th day), all rats were fasted for 12
hours (overnight) and then anesthetized by pentobarbital (150 mg/kg of
body weight) via intraperitoneal injection [28]. From each anesthetized
rat blood sample (4-6 cc) was collected via cardiac puncture and placed
into two separate test tubes: a test tube with anti-coagulant (di-potas-
sium salt of ethylene-diamine tetra-acetic acid) and a plane test tube.
Blood sample in a tube with anti-coagulant was analysed using Auto-
mated Hematology Analyzer (Symex-XT, 1800i, Japan) for determining
values of total white blood cell count (WBC), total red blood cell count
(RBC), blood platelet (PLT) count, hemoglobin (HGB), hematocrit
(HCT), mean corpuscular hemoglobin (MCH), mean corpuscular he-
moglobin concentration (MCHC), mean corpuscular volume (MCV),
relative lymphocyte count (LYMP%), relative monocyte count (MONO
%), relative neutrophil count (NEUT%), relative eosinophil count (EOSI
%) and relative basophil count (BASO%). Blood sample in a plane tube
was allowed to clot for one hour at room temperature and then centri-
fuged for ten minutes using an electrical centrifuge at 3000 rpm to
obtain serum. Then serum was analysed using Automated Clinical
Chemistry Analyzer (Huma Star 80, Germany) and values of alanine
transaminase (ALT), alkaline phosphate (ALP), aspartate aminotrans-
ferase (AST), creatine kinase (CK), triglyceride (TG), lactate dehydro-
genase (LDH), creatinine, urea, uric acid, total protein, total bilirubin,
total cholesterol, amylase and glucose were recorded.

2.4.3. Gross necropsy and organ weight

At the end of the treatment period (on the 91st day), all surviving rats
were subjected to external gross necropsy for changes on body condi-
tion; skin and coat/fur; eye ball and eyelid and for abnormal discharges
from natural orifices. After exsanguination, they were sacrificed and
dissected to examine gross lesions in subcutaneous tissue (edema,
discoloration and hematoma); superficial lymph nodes (abnormal
shape, size, color and consistency) and the major body cavities
(abnormal position of viscera, excessive fluid/blood). The vital thoracic
and peritoneal viscera were harvested, cleaned from any adherent tis-
sues and were examined for macroscopic changes: size, location, color,
shape, consistency, surface appearance, appearance of cut surface and
free margins. Furthermore, visceral organs (liver, kidney, heart,
pancreas and stomach) were weighed.
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2.4.4. Histopathology of major organs

Potential target sites from the liver, kidney, heart, pancreas and
stomach were collected for histopathological examinations. Tissue
processing was performed as follows: tissue samples were fixed in 10%
neutral buffered formalin solution for 24 h; washed in running tap water
overnight; dehydrated with increasing concentrations of alcohol (30%,
50%, 70% and 90% ethanol for 2 h in each, followed with 100% ethanol
for 2 h X3, and 100% ethanol overnight); cleared in xylene (for 2 h X2);
infiltrated in two changes of melted paraffin wax (wax I for 2 and %
hours and wax II overnight); embedded in melted paraffin wax and
sliced with a thickness of 4-5 um using a rotary microtome. The paraffin
ribbons were laid onto the surface of water bath (40 °C) and were
mounted on the slides. In order to firmly attach the ribbons onto the
slides, the slides with the ribbons were placed in an oven (45-50°C) for
20-25 min [31,32].

Tissue staining was carried out as follows: the tissue sections on the
slides were deparaffinized with xylene (for 5 min X3), rehydrated in
decreasing concentrations of alcohol (100%, 100%, 90%, 80% and 70%
ethanol for 3 min in each) and rinsed in distilled water for 5 min. After
washing, the tissue sections were stained with Harris hematoxylin for
5-7 min; washed with running tap water for 3-6 min; decolorized in acid
alcohol for 3-5 s; rinsed with running tap water for 1 min; immersed in
sodium carbonate solution for 30 s; washed in running tap water for 30 s
and counterstained with eosin Y for 1 min. Then, the stained sections
were dehydrated by increasing concentrations of ethanol (70%, 80%,
90% and 100% for 3 min in each); cleared in two changes of xylene for 5
min in each; mounted with Dibutylphthalate polystyrene xylene;
covered with cover slips and examined using a compound light micro-
scope [31,32]. The representative photomicrographs were captured by a
digital camera fitted with the microscope (Nicon Coolpix-5000,
Germany).

2.5. Statistical analysis

Statistical Package for Social Sciences (SPSS) version 22 software
was used for data analysis. For equality of variances, Levene’s homo-
geneity and for normality of means, Bonferroni normality tests were
conducted. If the assumptions were met, one-way analysis of variance
(ANOVA) followed by Turkey (to check difference between the study
groups) and Dunnett’s (to determine difference between control and
treated groups) post hoc tests were performed. Sex-dependent variation
was analysed by two-way ANOVA. Results were presented as mean +
standard deviation (M + SD). P < 0.05 was considered to be statistically
significant.

3. Results
3.1. Effects the herbal tea infusion on mortality and clinical signs

During the 90-days repeated oral administration, no mortality or
severe clinical signs were observed in any of the treated groups, in both
sexes. However, minor clinical signs (mild diarrhea and mild piloer-
ection) were observed in a few rats of all study groups, during the first
two days after dosing. These mild signs did not affect the general health
status of the animals and were considered as common findings for Wistar
albino rats.

3.2. Effects the herbal tea infusion on body weight and food intake

Throughout the subchronic experiment, body weight showed
gradual increment for all study groups of both sexes (Fig. 1). However,
there was a different pattern among the male and female groups. The
results showed that in male rats, the weekly body weight gain was lower
in the treated groups (559.36, 1118.72 and 2237.44 mg/kg) in com-
parison with the control group throughout the study period. The final
body weight changes of the male groups were 107.60 + 6.93 g (62%)
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Fig. 1. Body weight changes of the rats by sex, dosage group and time in subchronic toxicity study. Data expressed as mean + SD; n = 5 animals/sex/group.

with the controls, 107.80 + 12.03 g (65%) at 559.36 mg/kg, 112.20 +
3.11 g (67%) at 1118.72 mg/kg and 120.00 + 8.66 g (75%) at 2237.44
mg/kg groups in comparison with their respective day-1 (initial) body
weights. The final weight increment was higher in the treated than in the
control males.

In females, the weekly body weight change was higher in the treated
than in the controls over the study period of 13 weeks. When compared
with the control females, the final weight gain was lower at
2237.44 mg/kg group, higher at 1118.72 mg/kg group, but no change
at 559.36 mg/kg group. The differences were not statistically significant
for any of the treated groups in both sexes. Nevertheless, there was a
significant sex-related difference. The weekly and final body weight
changes were significantly higher (P < 0.05) in male than in the female
rats. The body weight data of the control and treated groups are pre-
sented in Table S1.

No statistically significant variation was observed in the amount of
food consumption between the control and treated groups for male and
female rats during the course of the experiment (Fig. 2). Nevertheless,
sex-related significant difference was observed in the amount of food
consumption. Throughout the study period, the amount of food con-
sumption was significantly higher in male than in the female groups
(P < 0.05). The food consumption data of all study groups at an interval
of 10 days are presented in Table S2.

Data are mean + SD; n = 5 rats/sex/group.

3.3. Effects of the herbal tea infusion on hematological parameters

Hematological parameters of the experimental groups are presented
in Table 1. Subchronic (90-day) oral administration of the herbal tea
infusion did not induce significant adverse effects in the hematological
parameters of the test groups including the highest dosage group,
2237.44 mg/kg/day, in both sexes. The hematological indices in the

uE Control
30

25
20
15
10

Mean food intake value (g)

treated groups were only marginally varied from the control group
values in either sex (P > 0.05). However, there was sex-dependent
variation in the hematological parameters. In male rats, the values of
RBCs, HGB, HCT, MCHC and NEUT were significantly higher, while the
WBCs, MCH and MCV values were significantly lower, when compared
with the values of the female rats (P < 0.05).

3.4. Effect of the herbal tea infusion on biochemical parameters

Table 2 shows serum values of biochemical parameters in the control
and treated groups. Serum analysis showed no significant variation in
the biochemical parameters (except for AST, LDH and CK) of the treated
groups in comparison with the control groups (P > 0.05). In both male
and female groups, the AST, LDH and CK levels were significantly
elevated at 2237.44 mg/kg/day group, as compared with the control
group values (P < 0.05). Furthermore, some biochemical parameters
displayed sex-related variations. In female rats, total cholesterol, TG,
total protein and urea levels were significantly lower, while the ALP
value was significantly higher, when compared with the values of the
male rats (P < 0.05).

3.5. Effects of the herbal tea infusion on gross necropsy and organ weight

Treatment with the herbal tea infusion did not result in changes on
the external and internal organs of the treated animals. The liver, kid-
neys, heart, panaceas and stomach did not show significant weight dif-
ferences (P > 0.05) among the control and treated groups in both sexes
(Table S3). However, sex-dependent variation was noted in the absolute
weight of the liver and kidney. These weight changes were significantly
higher in male than in the female rats (P < 0.05).

m559.36 mg/kg @1118.72 mg/kg [©2237.44 mg/kg

F M|F M|F M|F M|F M|F M|F M|F M|F M
Day 10 | Day 20 | Day 30 | Day 40 | Day S50 | Day 60 | Day 70 | Day 80 | Day 90

Fig. 2. Food consumption of the rats by sex, dosage group and time in subchronic toxicity study.
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Table 1

Hematological parameters data by dosage group and sex in subchronic toxicity study.
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Hemograms Sex Experimental groups
Control 559.36 mg/kg 1118.72 mg/kg 2237.44 mg/kg

WBC (x10%/uL) F 6.38 + 1.41 7.93 + 1.04 7.91 + 1.04 7.80 + 0.47

M 7.11 4 0.66 6.55 + 0.80 7.10 + 0.65 7.86 + 0.82
RBC (x10°/uL) F 7.81 + 0.09 8.03 + 0.42 8.02 + 0.61 7.77 +0.31

M* 8.79 + 0.40 9.04 + 0.17 8.78 + 0.39 8.65 + 0.17
PLT (x10°/uL) F 988.00 + 100.95 952.20 + 94.00 957.20 + 48.70 961.60 + 32.70

M 1026.20 + 4.59 975.40 + 38.10 1025.80 + 44.27 956.00 + 64.34
HGB (g/dL) F 15.09 + 0.13 15.86 + 0.52 15.45 + 0.77 15.46 + 0.59

M* 16.59 4 0.78 16.62 + 0.43 16.58 + 0.77 16.25 + 0.34
HCT (%) F 43.38 + 0.33 45.53 +1.61 45.52 4 1.61 44.55 + 1.58

M* 46.23 + 1.66 46.38 4 2.25 45.22 4+ 1.35 46.23 + 0.72
MCH (pg) F* 19.35 +0.11 19.30 + 0.08 19.29 + 0.08 19.31 +0.70

M 18.90 4 0.08 18.81 + 0.150 18.89 + 0.08 18.78 + 0.12
MCHC (g/dL) F 34.80 + 0.21 34.22 4 0.64 34.20 + 0.64 34.68 + 0.18

M* 35.88 4 0.37 35.38 4 0.42 35.88 4+ 0.37 35.34 4+ 0.52
MCV (fL) F* 55.57 + 0.65 56.42 + 1.30 56.41 + 1.30 57.43 + 1.30

M 52.58 4 0.50 53.09 + 0.30 52.57 4+ 0.50 53.10 + 0.97
LYMP (%) F* 5.22 +1.10 6.45 + 1.72 6.45 + 1.73 6.75 + 0.51

M 4.93 + 0.30 4.41 + 1.04 4.94 +0.31 5.11 +1.30
NEUT (%) F 0.85 + 0.22 1.30 + 0.10 1.32 +0.12 1.13 + 0.57

M* 1.95 + 0.39 1.48 +0.52 1.76 + 0.30 1.61 + 0.68
MONO (%) F* 0.29 + 0.07 0.30 + 0.05 0.31 + 0.07 0.24 + 0.04

M 0.14 + 0.07 0.17 + 0.15 0.14 + 0.07 0.12 + 0.07
EOSI (%) F 0.08 + 0.02 0.07 +0.01 0.07 + 0.01 0.08 + 0.01

M 0.08 + 0.00 0.08 + 0.03 0.08 + 0.00 0.08 + 0.02
BASO (%) F* 0.02 4 0.01 0.03 + 0.01 0.03 + 0.01 0.02 + 0.02

M 0.02 + 0.01 0.01 + 0.00 0.01 + 0.01 0.02 + 0.01

Values are presented as M + SD/E; One/two -way ANOVA followed by a Dennett’s post hoc test; P < 0.05, was considered statistically significant; *Significant p-value,
between male and female groups; n = 5 animals/sex/group.

Table 2

Biochemical parameters data by dosage group and sex during subchronic study.

Biochemicals Sex Experimental groups
Control 559.36 mg/kg 1118.72 mg/kg 2237.44 mg/kg

ALP (IU/L) F 80.50 + 15.53 66.60 + 8.94 72.80 + 4.88 80.90 + 19.38

M* 80.10 + 7.59 86.20 + 4.82 86.80 + 6.13 89.60 + 4.51
ALT (IU/L) F 78.72 + 11.02 68.84 +11.07 84.84 +17.23 84.01 + 15.36

M 65.83 + 5.48 75.19 + 8.23 76.23 +12.12 78.24 +7.16
AST (IU/L) F* 135.15 + 17.42 146.30 + 9.42 151.10 + 12.80 167.48 + 5.69*

M 127.20 + 12.03 131.62 +9.81 138.00 + 16.62 155.62 + 11.49%
CK (IU/L) F 491.80 + 104.75 522.00 + 79.26 536.20 + 64.97 640.60 + 86.96*

M 544.60 + 28.87 567.00 + 70.30 570.40 + 65.42 694.20 + 93.03%
LDH (U/L) F 1002.2 + 263.31 1091.2 + 77.51 1106.2 + 66.18 1249.4 + 77.41*

M 843.8 + 274.64 1090.4 + 90.06 1015.6 + 90.10 1262.2 + 186.81%
TG (mg/DL) F 62.48 + 4.61 56.05 + 5.21 63.97 4+ 3.90 59.80 + 5.81

M* 64.74 4 8.95 63.74 + 3.47 62.82 4 6.00 61.64 + 3.87
HDLC (mg/DL) F* 49.21 4+ 0.72 47.17 + 3.98 50.86 + 2.57 52.45 4+ 6.34

M 36.46 + 2.30 39.46 + 2.38 37.54 +1.34 38.24 4+ 0.87
Urea (mg/dl) F* 46.00 + 2.59 44.32 + 3.49 40.72 + 2.09 47.08 + 15.52

M 39.26 + 1.13 38.48 4 3.68 38.88 +1.28 38.84 + 6.33
Uric acid (mg/dl) F 1.40 +0.20 1.68 + 0.49 1.72 +0.54 1.33 +0.42

M 1.74 + 0.57 1.66 + 0.51 1.54 +0.32 1.60 + 0.50
Creatinine (mg/dl) F 0.38 + 0.01 0.40 + 0.01 0.41 + 0.02 0.38 + 0.02

M 0.36 + 0.01 0.41 + 0.10 0.38 + 0.05 0.38 + 0.04
Albumin (mg/dL) F* 4.67 + 0.11 4.47 +0.11 4.45 + 0.11 4.46 + 0.20

M 4.17 +0.11 4.24 4+ 0.15 4.18 + 0.07 4.32 +0.14
Glucose (mg/dl) F 168.51 + 6.36 180.45 + 5.77 171.25 + 7.03 162.25 + 32.60

M 180.47 + 25.24 167.66 + 6.38 165.27 + 14.70 161.60 + 4.82
Amylase (U/L) F 2391.6 + 135.57 2326.4 + 90.15 2324.2 +92.33 2255.4 + 124.03

M 2218.4 +73.61 2298.8 + 76.82 2319.6 + 107.66 2327.0 +93.11
Total bilirubin (mg/dl) F 0.08 + 0.03 0.10 + 0.04 0.07 + 0.03 0.08 + 0.02

M 0.09 + 0.02 0.07 4 0.01 0.07 + 0.01 0.07 4 0.01
Total protein (mg/dL) F* 6.32 + 0.03 6.46 + 0.22 6.46 + 0.23 6.17 + 0.33

M 5.81 + 0.26 6.07 + 0.17 5.85 + 0.30 5.86 + 0.08
Total cholesterol (mg/DL) F* 55.50 + 4.28 57.53 + 5.30 57.53 + 5.10 51.41 + 6.65

M 45.46 + 2.69 44.53 + 3.27 43.46 + 2.31 42.62 + 1.08

Values are presented as M + SD; One/two -way ANOVA followed by a Dennett’s post hoc test; P < 0.05 was considered statistically significant; *Significant p-value,
between male and female groups; *Significant p-value, between control and treated groups of males; *Significant p-value, between control and treated groups of

females.
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3.6. Effect of the herbal tea infusion on histology of organs

Repeated dose (90 days) oral administration of herbal tea of
M. stenopetala and M. spicata leaves blend did not induce remarkable
pathological changes in the stomach, pancreas, heart, kidney and liver
(Fig. 3). Only minor lesions were observed in the liver, kidney and
pancreas tissues of a few rats both in the control and treated groups. In
the liver, mild hydrophic changes (small cellular vacuoles) were found
around the central veins and portal areas (Fig. 3B), but the general he-
patic architecture was normal. In the kidney, mild-focal inflammation
(infiltration of leukocytes) was observed around the glomeruli and renal
tubules (Fig. 3D), but the lesion did not distort the renal histologic
appearance, in which the glomeruli, Bowman’s capsules, urinary spaces,
proximal and distal convoluted tubules were intact. In the pancreas,
mild peri-pancreatic inflammation (neutrophil infiltration) was found
around the excretory ducts (Fig. 3F). However, the pancreatic acini,
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islets of Langerhans, excretory ducts and the interstitial septa were
normal. In terms of severity and frequency of occurrence, the liver,
kidney and pancreas histopathological findings did not show significant
variations between the control and treated groups in both sexes. His-
topathological data of the studied organs are presented in Table S4.

4. Discussion

All over the world, particularly in developing nations, medicinal
plants and herbal products have long been used to fight various human
diseases. In many rural parts of the developing nations, medicinal plants
are the most easily accessible and affordable health resources [2,3]. It is
generally assumed that medicinal herbs and their products are safe,
non-toxic and without side effects. However, researches have proven
that not all medicinal plants are safe and without of adverse effects.
Various adverse effects have been reported with the administration of

Fig. 3. Histopathology of the liver, kidneys,
heart, panaceas and stomach in subchronic
toxicity study (H & E stained). (A) Normal his-
tology of the liver from controls (x10); (B) Mild
hydropic changes of the liver at 2237.44 mg/kg
(x10); (C) Normal histology of the kidney from
control group (x20); (D) Mild-focal inflamma-
tion of the kidney at 2237.44 mg/kg group
(x20); (E) Normal architecture of the pancreas
from control rats (x10); (F) Mild inflammation
of the pancreas at 2237.44 mg/kg group (x20);
(G) Normal cardiac myocytes appearance from
control group (x10); (H) Normal cardiac archi-
tecture at 2237.44 mg/kg group (x20); (I)
Normal histology appearances of the stomach
from control rat (x20); and (J) Normal micro-
scopic appearances of the stomach at
2237.44 mg/kg group (x20).
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different herbs including systemic toxic effects of Acacia ataxacantha
[22] and Caralluma dalzielii [23] as well as developmental toxic effects
of Achyranthes aspera [25]. The adverse effects can result from inherent
toxic effect of the active principle or long-term use or overdosing.
Therefore, toxicological and pharmacological properties of medicinal
herbs should be scientifically evaluated to warrant the outstanding
quality and safety for patients’ use [33].

The leaves of M. stenopetala [10,11] and M. spicata [19] have been
studied and have demonstrated antidiabetic and diuretic activities on
animal models. However, the leaves formulation of M. stenopetala and
M. spicata has shown better antihyperglycemic and antihypertensive
effects than the individual herbs [21]. Individually, each herb in this
formulation is safe, but the combined safety profile of these herbs is not
investigated. Hence, the present study evaluated the subchronic toxicity
potential of the herbal tea of M. stenopetala and M. spicata leaves blend in
rats. In this study, treatment-related toxicity effects on in-life, hemato-
logical, biochemical, macro-pathological and histopathological param-
eters were investigated.

Mortality, severe clinical signs, loss of body weight and altered food
intake are crucial indicators of test compound-related in-life adverse
effects in laboratory animals [34]. During the treatment period, no
herbal tea-related deaths nor severe clinical signs were observed up to
the maximum dose of 2237.44 mg/kg/day.

Throughout the experimental period, body weight and food intake
were not altered in any of the treated groups in comparison with the
control group in both sexes. The normal food consumption in the treated
groups suggests that the herbal tea infusion might not have resulted in
any alteration in dietary intake or diet metabolism. Over the course of
the study, there was also a normal gradual weight increment in all test
groups of both sexes. The progressive weight increment could be
attributed to the nutritional constituents of the herbal tea infusion and
thus its oral administration up to a dose of 2237.44 mg/kg for 90 days
did not affect negatively the normal growth of the studied rats. The
present results are in agreement with toxicity studies of the leaves
extract of M. stenopetala [9,35] and Moringa oleifera [36], which
revealed non-toxic effects of the extracts on in-life parameters in ro-
dents. Other studies also reported the presence of several nutritive and
phytochemical constituents in the leaves of M. stenopetala [37] and
Mentha spicata [15] that are important for normal growth and
development.

During toxicity studies, administration of medicinal herbs or test
compounds at toxic doses often result in significant changes in blood
parameters, since they are the most sensitive targets for adverse effects
of foreign chemical compounds [38,39]. In this study, hematological
parameters of the treated rats did not show statistically significant al-
terations when compared with the control rats in either sex. This may
suggest that repeated dose oral administration of the herbal tea infusion
up to the maximum dose of 2237.44 mg/kg did not induce adverse ef-
fects on the hematological parameters of the rats. The hematology re-
sults in this study are in line with earlier toxicity studies of the leaves
extract of Moringa oleifera [36], the leaves extract of M. stenopetala [40]
and green coffee bean extract of Coffea arabica [41] in rats, which
revealed that subchronic administration of the extracts with different
doses produced no significant alteration on hematological parameters.

In the present serum analysis, the levels of AST, LDH and CK were
significantly elevated (P < 0.05) in rats treated with 2237.44 mg/kg of
the herbal tea infusion when compared with the values of the control
rats in both sexes. The serum biochemical alterations were often
accompanied by anatomic-pathological changes of organs. Since,
injured organs release their contents into circulation, which could
change the normal contents of their biomarkers in the blood plasma [38,
39].

AST may be elevated due to liver diseases, muscular disorders
(muscle injury, recent heart attack) or other diseases/factors (excess
alcohol ingestion). Thus, additional biochemical and histopathological
data are required to identify the source of elevation. AST is not as liver-
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specific as ALT. In liver injury, both AST and ALT are elevated, thus ALT
and AST are usually analysed together. In the absence of liver injury and
ALT elevation, the elevation of AST may lead to muscular injury. The
muscular injury is confirmed by serum levels of additional enzymes
(LDH and CK) and by histopathology of the cardiac and/or skeletal
muscle. High level of LDH may indicate presence of damaged tissues/
cells in the liver, cardiac and skeletal muscles [39,42].

Most serum CK originates from skeletal and cardiac muscles and its
elevated serum level can result from muscular injuries. Severe stress and
prolonged exercise can also elevate serum CK values. Elevations of AST
with increased CK and LDH in the absence of liver disease increase the
accuracy of diagnosis of muscular injury [39,43]. In myocardial injury,
AST and CK show significant increase, while ALT exhibits a slight
increment [42]. Nevertheless, the increments in serum AST, LDH and CK
were not accompanied by significant macro-pathological and histo-
pathological alterations in the liver and heart sections of rats that
received 2237.44 mg/kg of herbal tea infusion. This may indicate sub-
chronic administration of herbal tea of M. stenopetala and M. spicata
leaves blend at a high dose only altered some functions of the liver and
the heart. Otherwise, it takes a chronic (> 90 days) administration to
detect remarkable alterations in the liver and heart.

On the other hand, serum biochemical values can also be altered by
various factors such as severe stress, prolonged exercise, limited blood
sampling, some physiological disorders (e.g., ascites), and infections.
For instance, daily handling of rodents can cause severe stress and the
stress response give rise to high serum CK [39,42]. Similar biochemical
findings were observed with repeated dose oral administration of Cae-
salpinia volkensii leaves extract [44] and Coffea arabica green bean
extract [41] in rats.

Repeated dose (90-days) oral administration of the herbal tea infu-
sion did not induce macro-pathological lesions or changes in the
external and internal viscera of any of the treated groups. During the
microscopic evaluation, histological tissues of the organs (liver, kidney,
heart, pancreas and stomach) in the treated groups showed no signifi-
cant pathological lesions. Only minor lesions such as mild hydropic
changes of the liver, and mild inflammation of the kidney and pancreas
were observed in a few rats of all study groups including the control.

Mild hydrophic change (small vacuolation) is an acute reversible,
transient and nonlethal cellular injury and is characterized by intra-
cytoplasmic accumulation of water or cellular swelling [45,46]. In the
present study, the mild hydropic lesion did not alter the hepatocytes, as
the liver-specific enzymes (ALT and ALP) in the treated groups were
statistically comparable with the control group in both sexes. ALT is
liver-specific enzyme and is the most sensitive indicator of liver damage
[39].

An inflammation is the process that occurs when an animal tries to
remove an injurious agent and/or to repair the damaged tissue and is
characterized by infiltration of inflammatory cells (neutrophils) in the
injured tissue/organ [45,46]. In the current study, the mild inflamma-
tion in the kidney and pancreas did not distort cellular components and
functions of these organs, as the kidney biomarkers (urea, creatinine,
uric acid) and pancreatic enzyme (amylase) remained normal for all
treated groups in either sex. Furthermore, the aforementioned hepatic,
renal and pancreas lesions did not show dose or sex-related changes.
These histopathological findings may represent normal anatomic vari-
ability, background lesions or spontaneous histopathological changes
that are observed in the population of Wistar albino rats [47,48].

In this study, body weight, food consumption, organs weight (liver
and kidney), hemograms (RBCs, HGB, HCT, MCHC) and biochemicals
(total cholesterol, TG, total protein, urea) showed sex-dependent vari-
ations. These parameters were significantly lower in the female than in
the male groups. The sex-dependent findings might be associated with
male and female differences in their response to the herbal tea treat-
ment. Several factors are responsible for the sex-differences in drug
metabolism including: gonadal steroids, growth hormones, fatty acids
and various enzymes [49,50]. For instance, cytochrome P450 (CYP) is
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one of the main enzymes involved in drug metabolism. CYP isoforms
mediated reactions facilitate the metabolism and excretion of xen-
obiotics/drugs. The male-female differences in CYP expression or ac-
tivity can be due to sex hormones, growth hormones, genetics, or due to
enzyme inducers in the drug/chemical. In rats, the male-female differ-
ences in CYP expression could also exceed 10-100-fold, thus some iso-
forms appear to be sex-specific. It has been reported that female rats
have less total CYP (by 10-30%) as compared with the total CYP in male
rats [49,51]. This sex-specific difference causes many xenobiotics/drugs
having longer half-lives and slower clearance in female rats than in male
rats. The slower drug metabolism and clearance in female rats produces
higher tissue concentrations of xenobiotics that may induce adverse
effects in target organ. Therefore, males and females differ in their
response to drug treatment [49,51], which support the current
sex-dependent findings. Similar sex-dependent results were observed
with toxicity studies in rodents [23,52].

5. Conclusion

Repeated (90-days) administration of the herbal tea of M. stenopetala
and M. spicata leaves formulation did not result in mortality or severe
toxicity signs. Administration of the herbal tea caused no significant
toxic effects on body weight gain, food consumption, organ weight,
hematological and biochemical parameters. However, the serum AST,
CK and LDH levels were significantly elevated in rats treated with
2237.44 mg/kg/day of herbal tea. There was no significant alteration in
the histology of organs, only minor pathological changes were detected
in the liver, kidney and pancreas. Long-term (> 90 days) toxicity study
should be carried out to elucidate the inconsistency between the
biochemical and histopathological findings. In general, the present
study demonstrated that herbal tea of M. stenopetala and M. spicata
leaves formulation has a relatively safe subchronic safety profile.
However, further preclinical (chronic, teratogenic, reproductive and
developmental toxicity) studies in animals are required in order to have
sufficient safety and toxicity profiles for its use in humans.
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