
RESEARCH Open Access

Assessment of acute and sub-chronic
neurotoxicity of Morus alba L. fruits in
rodents
Arpita Paul, Anshul Shakya and Md Kamaruz Zaman*

Abstract

Background: Morus alba L. fruits are consumed since long for their nutritional and medicinal values. Although
there were studies on the neuroprotective activity of the fruit extract, safety profile of the fruit extract is not yet
explored as per the recommended standard guidelines over the central nervous system (CNS). The present work
was aimed to assess the neurotoxicity profile of chemically characterized extract of M. alba L. fruits (MA) using
validated OECD guidelines, i.e., 425 and 424 in rodents.

Results: Neurobehavioural parameters were examined for motor, sensory and behavioural responses using
actophotometer, hot plate and light and dark box test, respectively as per OECD 424. Interestingly, no sign of
mortality and/or adversity on mice treated per-orally with MA (2000 mg/kg) was observed during the limit test as
per OECD 425. Further, rats treated with MA (1000, 300 and 100 mg/kg, p.o.) for 28 days, showed insignificant (p <
0.05) changes in body weight, food consumption, neurobehavioural responses, organ weights and biochemical,
haematological and histopathological features when compared with vehicle-treated animals.

Conclusion: The outcome of findings suggests that MA is safe in acute oral as well as sub-chronic (28 days)
administration in mice and rats respectively. MA (1000 mg/kg) did not pose any toxic sign and symptoms on
neurobehavioural responses in rats even after 28 days repeated treatment in compliance with OECD 424.
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Background
Herbal medicine is the backbone of paramount health-
care system in the developing countries as the inhabi-
tants of those areas do not have access or cannot afford
to buy pharmaceuticals [1]. Many of these plants are
used as medicine since time immemorial and are com-
monly perceived to be safe [2]. This safety is based on
their long usage in the treatment of diseases according
to the traditional knowledge accumulated over years. A
general belief exist amongst people that herbal medica-
ments are exempted from any unwanted or toxic effects
as they are derived from nature [3]. However, recent sci-
entific studies have reported that many plant-derived

food and medicine are potentially toxic, mutagenic and
carcinogenic [4, 5]. Moreover, medicinal plants have not
received much attention as its toxicity is not well estab-
lished or is still unknown [6]. For these reasons, the tox-
icity study is a crucial part in assessment and
development of herbal products.
Morus alba Linn. (Moraceae) is a perennial, deciduous

medium-sized tree commonly known as white mulberry.
It is native to Asian countries and is cultivated in certain
tropical countries for rearing silkworms. The leaves are
used to prepare different Indian recipes. The fruits are
eaten as such, fermented to prepare special wine and
beer and is made into jams and jellies [7]. Mulberry is
not only used as a fruit but also as a medicine. In trad-
itional oriental medicine, every part of the plant has di-
versified uses. In traditional Chinese medicine, mulberry
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is used for the treatment and prevention of different
kinds of ailments like fever, and to protect the liver, im-
prove eyesight, strengthen joints, facilitate discharge of
urine and lower blood pressure [8]. The fruits possess
cleansing properties and is used as mouth wash. It is
used to treat anaemia, weakness, and fatigue, and to
nourish the blood [9]. In contemporary pharmacological
research, mulberry fruits are reported to have antioxi-
dant and antimicrobial [10], diuretic [11], antibacterial
[12], anti-diabetic [13], anti-parkinsonian [14, 15], and
neuro-protective effect [16, 17] and is found to be effect-
ive against cerebral ischaemia [18]. Like other berries,
mulberry fruits are rich in numerous bioactive constitu-
ents such as flavonoids, tannins, anthocyanins and phen-
olic acids which are known to have antioxidant
properties [19]. These chemical constituents are found
to have positive effects against the reported diseases and
disorders. The fruits also contain ample amounts of as-
corbic acid, carotene, vitamin D and minerals [20] that
suggest its unique nutritional profile which enhances its
significance as promising nature’s functional tonic. M.
alba is largely used as a nutraceutical that has led it to
earn the status of ‘superfood’ [21]. Although there have
been reports on the effectiveness of the fruit extract over
the CNS-related etiologies, the safety profile of the fruit
extract is yet to be explored as per the recommended
standard guidelines over the CNS. Therefore, the object-
ive of this investigation is to carry out acute toxicity
study and to access sub-chronic neurotoxicity of mul-
berry fruit extract. The study was conducted in accord-
ance to OECD guidelines.

Methods
Collection and identification of the plant material
The mature fruits of Morus alba L. were collected from
the easternmost region of (27° 47″ latitude and 94° 91″
longitude), Assam, India, in the month of March 2018.
The plant was identified and authenticated by the East-
ern Regional Centre of the Botanical Survey of India
(No.: BSI/ERC/2018/Tech/468, dated 22 October 2018).

Preparation of the extract
The fruits were washed thoroughly and dried under
shaded condition. The dried material was subjected to
pulverization and then passed through sieve no. 30 to
get a coarse powder of the crude drug. The dried pow-
der was extracted with 70% methanol by cold macer-
ation at room temperature for 48 h. The extract was
filtered through Whatman no.1 filter paper. This was re-
peated for multiple times, and similar extracts were
pooled together, concentrated and vacuum evaporated
using rotary evaporator at a temperature of 45 °C, and
the solvent traces were removed by lyophilization. The

freeze-dried extract thus obtained was stored at low
temperature (− 8 °C) in air tight containers.

High-performance thin layer chromatography analysis
High-performance thin layer chromatography (HPTLC)
analysis was performed using the markers quercetin, rutin
and resveratrol. The reported contents of quercetin, rutin
and resveratrol in mulberry fruits are 0.038, 0.433 and
0.03mg/g of fruit extract respectively [19]. The standards
(1mg/ml) were prepared by dissolving 10mg of each of
the standard (quercetin, rutin and resveratrol) in 10ml of
methanol in separate volumetric flasks and were sonicated
(Ultrasonic cleaner STD Rivotek, India).The extract was
prepared by dissolving 100mg of 70% methanol extract of
M. alba fruits in 1mL methanol, sonicated followed by
centrifugation (RM-03 Plus, REMI, India), and the super-
natant was used for the analysis.
HPTLC was performed on silica gel 60F254 pre-coated

plates (Merck, Mumbai, India). The applications were
made as bands 8.0-mm wide, 11.5-mm apart and 10.0-
mm from the bottom edge of the chromatographic plate
by the use of a Camag (Muttenz, Switzerland) Linomat
V sample applicator equipped with a 100-μL Hamilton
(USA) syringe. Ascending development to a distance of
70 mm was performed at room temperature (28 ± 2 °C),
with a suitable mobile phase, in a Camag glass twin-
trough chamber previously saturated with mobile phase
vapour for 20 min. The mobile phases used as follows—
for quercetin (toluene: ethyl acetate: formic acid: 10:8:
0.4), for resveratrol (hexane: ethyl acetate: glacial acetic
acid: 8:12:0.2) and for rutin (ethyl acetate: formic acid:
acetic acid: water: 15:1:1:1.5). After development, the
plates were dried and then scanned at specified wave-
length with a Camag TLC Scanner. The compounds
were identified by superimposing the UV spectra of the
standards and the samples within the same Rf range.

Animals and housing conditions
The animal studies were performed in accordance with
the guidelines of Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA)
and was approved by the Institutional Animal Ethics
Committee (IAEC), vide approval no. IAEC/DU/166,
dtd. 10.12.2018. Female mice of Swiss strain (20–25 g)
and male and female rats of Wistar strain (150 ± 20 g,
5–6 weeks old), obtained from breeding house, were
used for in vivo neurotoxicity study. The animal house
was well ventilated, and the temperature was maintained
at 22 °C (± 3 °C). Lighting was provided according to 12
h light/dark cycle. The animals were housed in large
spacious cages in small groups of same sex to allow to
acclimatize to laboratory conditions 5–7 days before the
commencement of the experiment. For feeding,
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conventional laboratory diets were used with an unlim-
ited supply of drinking water.

Acute toxicity study
The acute oral toxicity study was based on ‘Up-and-
Down’ procedure as described by Dixon according to
OECD 425 guidelines [22]. Healthy adult female Swiss
albino mice selected for the study were fasted overnight
prior to dosing. MA extract was dissolved in 10% car-
boxymethyl cellulose (CMC) and administered orally at
a single dose of 2000mg/kg of body weight (b.w) to all
the female mice (n = 6). Following the dosing, the ani-
mals were observed individually once, periodically dur-
ing the first 24 h (with special attention given during the
first 4 h) and daily thereafter, for a total of 14 days for
any delayed toxic effects. The behavioural changes and
death were the main parameters observed during the
study period.

Neurotoxicity study
The neurological safety profile of MA was evaluated by
performing various neurobehavioural tests as per OECD
guideline 424 [23]. Based on acute toxicity study result,
three doses were selected for further studies (1000, 300
and 100 mg/kg). The control group animals received a
definite volume of distilled water. Accordingly, the ani-
mals were randomly divided into 4 groups (comprising n
= 12 animals; 6 males and 6 females in each group). Re-
peated daily dose of design regimen was administered
orally for a period of 28 days.

Neurobehavioural evaluation
Neurotoxicity of the plant was determined using open
field test on actophotometer for motor coordination and
ataxia, sensory response analysis using hot plate test and
stereotyped behaviour (rearing, grooming, latency, level
of mobility, urination/defecation, tremor/convulsions,
vocalization, arousal, posture, pilo-erection, gait abnor-
malities, stereotypy and/or unusual behaviours) using
light-dark box test.

Assessment of motor dysfunction
Spontaneous locomotor activity
The locomotor activity can be an index of wakefulness
(alertness) of mental activity. The spontaneous loco-
motor activity was performed in actophotometer (Or-
chid Scientific & Innovative India Pvt. Ltd., Nashik,
India). Each animal was allowed for a period of 5 min in
a square closed field arena (30 × 30 × 30 cm) equipped
with 6 photocells in the outer wall for spontaneous loco-
motion. Interruption of photocell beams (locomotor ac-
tivity) was recorded by means of a 6 digit resettable
counter. Increase in count was regarded as central

nervous stimulation, decrease in count as central ner-
vous depressant activity [24].

Assessment of behavioural impairment
Light-dark box test
The light-dark box (LDB) (Orchid Scientific & Innova-
tive India Pvt. Ltd., Nashik, India) setup consisted of two
compartments: one lit compartment (40 × 50 cm, 350
lux; light box) and one dark compartment (40 × 30 cm,
70 lux) [25]. The floors in each compartment were di-
vided into squares (10 × 10 cm), and the compartments
were connected via a small opening (7.5 × 7.5 cm) enab-
ling transition between the compartments [26]. Rats
were placed in the dark compartment and rearing and
grooming, number of entries and time spent in light
compartment, and latency to first light compartment
entry during the 5 min test were assessed by all maze
video tracking software (Orchid Scientific & Innovative
India Pvt. Ltd., Nashik, India).

Assessment of sensory dysfunction
Hot plate reaction time in rats
Rats were screened by placing them on a hot plate main-
tained at 55 ± 1 °C and recording the reaction time in
seconds for forepaw licking or jumping. Only animals
which reacted within 15 s and which did not show large
variation when tested on four separate occasions, each
15min apart, were taken for the test. The time for fore-
paw licking or jumping on the heated plate of the
analgesiometer maintained at 55 °C was taken as the re-
action time [24].

Body weight and food consumption
All animals were weighed once a week. The food intake
was also recorded weekly.

Biochemical and haematological analysis
At 28th day of the treatment, blood samples were col-
lected from the animals in two batches. From one batch
of blood sample, serum was separated by centrifuging at
6000 rpm for 10 min and was used for biochemical in-
vestigations. The other batch was used for haemato-
logical study.

Necroscopy and histopathology
After euthanasia, the internal organs (liver, spleen, lung,
heart, kidneys, testis and ovaries) were harvested, and
gross findings as well as organ weights were recorded.
The liver, spleen, lung, heart, kidney and brain were
fixed with neutral formalin for 48 h, dehydrated with al-
cohol, embedded in paraffin, cut into thin sections and
stained with haematoxylin-eosin dye for photomicro-
scopic examinations.
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Statistical analysis
Data of all experiments were expressed as mean ±
Standard deviation (SD) of six animals in each group.
Differences amongst different treatment groups were de-
termined by one-way analysis of variance (ANOVA)
followed by Student-Newman-Keuls comparison test un-
less stated otherwise. GraphPad Prism 5 was used for
statistical analysis.

Results
HPTLC analysis
The MA extract was characterized by validated HPTLC
method [27, 28]. The identification of quercetin was
confirmed by superimposing the UV spectra of the
standard and the sample within the same Rf~ 0.334 at
262 nm (Fig. 1a). Similarly, the UV spectra of standard
rutin was found to match with that of sample within the
same Rf 0.235 at 262 nm (Fig. 1b).The presence of res-
veratrol in the sample was confirmed when its Rf at
0.566 was found to match with that of the standard at
302 nm (Fig. 1c).

Acute toxicity study
Rats administered with a single per-oral dose of MA at
2000 mg/kg did not show any toxic signs and/or mortal-
ity during the period of observation (14 days) as per
OECD 425. Therefore LD50 (median lethal dose: dose re-
quired to kill half of the tested population after a speci-
fied test duration) of MA was found to be more than
2000 mg/kg as calculated by AOT425statpgm (ver.1.0).

Neurotoxicity study
Mortality and clinical signs
All administration groups survived to the end of study,
and no obvious abnormal clinical signs were found in
any of the MA-treated groups, throughout the experi-
mental period of 28 days. No obvious clinical sign, in-
cluding loss of hair, changes in skin colour, scabbing,
eyes and mucous membranes and change in behaviour
patterns were observed in any of the treated groups
throughout the experimental period. The animals from
all administration groups appeared healthy throughout
the study period.

Neurobehavioural assessment
Assessment of motor dysfunction

Spontaneous locomotor activity The M. alba-treated
groups did not produce any significant (P < 0.05) in-
crease or reduction in locomotor activity when com-
pared with the vehicle control group. The results of the
test are given in Fig. 2.

Assessment of behavioural impairment

Light-dark box test The animals treated with MA did
not show any significant (P < 0.05) change in the time
spent in light chamber and the number of entries in
light chamber. The results of L&D box test are given in
Fig. 3.

Assessment of sensory dysfunction

Hot plate reaction time in rat The reaction time of the
MA at the doses of 100, 300 and 1000 mg/kg produced
no significant change in the reaction time in the hot
plate (P < 0.05) (Fig. 4).

Body weight and food consumption
There were no changes in body weights in the treated
groups when compared to the vehicle control group.
Body weight changes for male and female rats during
the treatment periods are given in the Fig. 5. The treat-
ment did not affect the daily food consumption. The re-
port of food consumption during the course of the
treatment is given in Fig. 6.

Biochemical and haematological analysis
The effects of administration of MA on haematological
and biochemical parameters are presented in Tables 1
and 2. There are no significant changes in haemato-
logical parameters (haemoglobin, total RBC cells, total
WBC cells and haematocrit) of treated rats and the con-
trol group. No statistically significant changes in kidney
function parameters (blood urea nitrogen, creatinine)
were noted. The liver function enzymes such as alanine
aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase did not reveal any rele-
vant changes in the extract-administered groups. The re-
ports of total protein, cholesterol, glucose and albumin
level did not indicate any notable changes.

Organ weight
Organ weights of 28 days treated-groups are shown in
Table 3. No significant difference in organ weight was
observed in the treatment and control groups at the time
of necroscopy.

Histopathology
Histopathological examinations were first conducted on
the liver, kidneys, heart, spleen, lungs, brain, pancreas
and stomach of animals only in the high-dose and con-
trol groups. If there were pathological changes observed,
histological examination of the corresponding organs
were also carried out in the mid-dose and low-dose
groups. Macroscopic examination of the organs of ani-
mals treated with high dose did not reveal any
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abnormality in colour or texture when compared with
the organs of the control group. In addition, microscopic
examination of the control and MA-treated group
showed normal architecture and absence of any gross
pathological lesion in organs (Fig. 7).

Discussion
As the global use and commercial success of medicines,
nutraceuticals and functional foods have grown, so have
concerns about public health risks regarding the

concentration, composition, and individual contami-
nants, as well as their interactions with other drugs [29].
In traditional system of medicine, mulberry fruits are
useful in the treatment of anaemia, weakness and fatigue
and nourish the blood [9]. Although previous studies
have attested that the fruits of the plant produce benefi-
cial effect over the CNS [14, 17, 18] there is no regula-
tory neuro-toxicological evaluation on mulberry fruit
extract. In addition, both medicinal and poisonous
plants possess secondary metabolites such as glycosides,

Fig. 1 Fingerprint chromatogram of standard marker compounds and MA. a Fingerprint of quercetin standard (std) and MA at 262 nm. b
Fingerprint of rutin (std) and MA at 262 nm. c Fingerprint of resveratrol (std) and MA at 302 nm
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alkaloids, flavonoids, tannins and amino acids [30] and
exhibit beneficial or adverse effects based on it [31]. As
safety is the preponderant measure in the selection of
herbal products for use in healthcare systems, [32] here,
the neuro-toxicity of M. alba fruit extract was evaluated
as per standard guidelines.
In the present study, MA was characterized by HPTL

C method using quercetin, rutin and resveratrol as
markers. The effects of MA on behavioural paradigms,
biochemical, haematological and architectural changes
were evaluated. Mortality is an important criterion in
toxicity evaluation [33], and acute administration did
not elicit significant mortality. No deaths occurred
within 48 h. No clinical signs of toxicity occurred, and
all the animals appeared to be healthy. From acute tox-
icity study, the LD50 value of the MA was found to be
greater than 2000 mg/kg.

The CNS controls all the major functions of the body,
and minor alterations of the nervous system can have a
profound impact on other activities of the body. Behav-
iour is considered as an important manifestation of the
CNS, and any toxicant-induced alterations of the CNS
are reflected in the neurobehavioural output of the ani-
mal. Thus, the OECD guideline 424 states that there are
several other signs of nervous system toxicity other than
neuropathy such as loss of motor coordination, sensory
deficits and behavioural dysfunction. So, to detect the
major neurobehavioural effects of M. alba in vivo, we
used certain neuro-pharmacological models to
characterize and quantify the neurotoxic responses
which is further supported by histopathological,

Fig. 2 Effect of MA (100, 300 and 1000 mg/kg/b.w.) on locomotor
counts in actophotometer test. Values are mean ± SD, n = 6 animals
in each group. P value (P < 0.05) was considered as statistically
significant. Data was analyzed via one-way ANOVA followed by
Newman-Keuls Multiple Comparison Test

Fig. 3 Effect of MA (100, 300 and 1000 mg/kg/b.w.) on behavioural impairment of rats using light-dark box test. a Number of entries in light
chamber and rearing and grooming score; b time spent in light and latency period of first time entry in light chamber on rats. Values are mean
± SD, n = 12 animals in each group. P value (P < 0.05) was considered as statistically significant. Data was analyzed via one-way ANOVA followed
by Newman-Keuls Multiple Comparison Test

Fig. 4 Response time on hot plate test on male and female rats.
Values are mean ± SD, n = 6 animals in each group. P value (P <
0.05) was considered as statistically significant. Data was analyzed via
one way ANOVA followed by Newman-Keuls Multiple
Comparison Test
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haematological and biochemical investigations. Loco-
motor activity is considered as an index of alertness and
a decrease in it is an indicative of sedative activity [34].
The locotomotor activity was assessed by actophotometer
test, and the number of locomotor counts of the treated
animals did not vary significantly (P < 0.05) from the con-
trol animals. The light and dark paradigm is based on the
natural aversion of rodent to brightly lit places. In this
model, the treated animals showed no variation (P < 0.05)
in the time spent in the light and dark compartments
compared to the vehicle control animals. In this study, the
hotplate method was used to establish the effectiveness of
the extract in evaluating the CNS analgesia. In this model,
the reaction time of MA-treated animals on the hotplate

did not indicate any remarkable difference from that of
the vehicle-treated animals.
Changes in the body weight are an important indicator

in the determination of physiological changes brought
about by the ingestion of an external agent [35]. Re-
peated administration of MA did not cause any change
in body weights of the animals in the treatment groups
(100, 300, 1000mg/kg).
The daily food and water intake of the treated animals

did not vary significantly in both the sexes compared to
control animals. This indicates that MA did not interfere
with the normal metabolism and so with the general
health status of the treated animals. Similarly, no bio-
logical significant variation in the weights of the liver,

Fig. 5 Changes in body weight of rats treated with MA for a period of 28 days. a Male rats and b female rats. The values were presented as
mean ± SD

Fig. 6 Changes in food consumption of rats treated with MA for a period of 28 days. a Male rats and b female rats. The values were presented as
mean ± SD
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spleen, lung, heart, kidneys, testis/ovary or brain was ob-
served, suggesting that the administration of the extract
at the sub-chronic oral doses had no effect on normal
growth. Since there was no reduction in body and organ
weights of the treated animals at any of the doses tested,
we concluded that the extract is nontoxic to the ana-
lyzed organs.
The haemopoietic system is considered one of the

most sensitive target for the toxic compounds, and its ef-
fects can cause changes in the normal counts of blood
components [36]. The haematological parameters did
not show any relevant changes in the MA-treated ani-
mals. This indicates that MA did not interfere with
haematopoiesis and leucopoiesis in rats.
The liver is the main site of detoxification, and liver

damage is assessed by determination of serum trans-
aminases and total protein [37]. The lack of alter-
ations in the levels of enzymes (AST and ALT), used
as biomarkers for predicting toxicity [38], indicates
MA did not cause any detrimental effects to the liver.
The renal function markers, blood urea nitrogen and
creatinine levels, were not affected by administration
of the extract. The liver is the major site of choles-
terol synthesis and degradation [39]. Since, no rele-
vant changes were observed in the levels of

cholesterol, it indicates MA had no effects on the
cholesterol metabolism in rats. The other biochemical
parameters, glucose and albumin levels, were also
found to be normal. These results were further sup-
ported by the histopathological examinations.
The macroscopic analysis did not show any abnormal

changes. In addition, the microscopic examination of se-
lected vital organs from high-dose (1000 mg/kg) treated
and control animals revealed normal architecture. The
animals had normal hepatocytes, portal vein, glomeruli,
intact alveolar sac, cardiac cells, brain cells, pancreatic
cells and stomach walls. Thus, histological studies con-
firmed that no internal injuries or morphological
changes were triggered by daily oral administration of
MA extract for a period of 28 days, even at the highest
tested dose of 1000mg/kg.

Conclusion
Neurotoxicological profile of chemically characterized
MA extract was carried out to evaluate the safety of MA
over the CNS. The result of the overall investigation sug-
gest that the fruits of Morus alba L. do not possess any
toxicologically relevant abnormalities over the CNS even
at the highest dose of 1000mg/kg. The present study is
carried out based upon the behavioural models without

Table 1 Haematological parameters of rats treated with 100, 300 and 1000 mg/kg of MA for a period of 28 days

Treatment Dose (mg/kg, p.o.) RBC (× 106/μl) WBC (× 103/μl) Haemoglobin (gm/dl) Haematocrit(%)

Control -- Female 7.24 ± 0.56 9.42 ± 0.28 12.78 ± 1.08 42.0 ± 0.6

MA 100 7.31 ± 0.34 8.92 ± 0.26 13.20 ± 1.12 41.0 ± 0.8

MA 300 7.36 ± 0.30 9.04 ± 0.14 12.76 ± 1.06 43.0 ± 1.2

MA 1000 7.28 ± 0.42 9.28 ± 0.44 13.08 ± 1.32 42.0 ± 1.6

Control -- Male 7.81 ± 0.56 8.94 ± 0.36 14.86 ± 0.98 44.0 ± 0.7

MA 100 7.64 ± 0.34 9.08 ± 0.22 14.54 ± 1.22 43.0 ± 1.2

MA 300 7.50 ± 0.30 8.88 ± 0.42 15.02 ± 1.30 43.0 ± 1.4

MA 1000 7.82 ± 0.42 9.10 ± 0.34 14.50 ± 1.45 44.0 ± 0.8

Values are mean ± SD. There was no significant change in blood profile of rats during treatment
RBC red blood cell count, WBC white blood cell count, n = 6

Table 2 Biochemical parameters of rats treated with (100, 300, 1000 mg/kg) MA for a period of 28 days
Treatment Dose

(mg/kg, p.o.)
Glucose
(mg/dl)

Cholesterol
(mg/dl)

AST (U/L) ALT (IU/L) Alkaline
phosphatase
(U/L)

Blood urea nitrogen
(mg/dl)

Creatinine
(mg/dl)

Total
protein
(gm/dl)

Albumin
(gm/dl)

Control - Female 113.78 ± 8.46 77.34 ± 3.38 94.30 ± 7.54 38.68 ± 2.08 53.54 ± 3.06 18.74 ± 1.36 4.22 ± 0.34 7.02 ± 0.46 2.92 ± 0.24

MA 100 110.32 ± 9.60 81.04 ± 3.86 93.66 ± 6.24 40.42 ± 2.16 56.20 ± 2.86 17.92 ± 2.08 3.88 ± 0.30 6.84 ± 0.48 3.10 ± 0.28

MA 300 114.64 ± 7.36 78.54 ± 4.12 90.56 ± 7.92 41.86 ± 1.98 54.82 ± 4.64 18.28 ± 1.62 4.16 ± 0.26 6.78 ± 0.54 2.88 ± 0.32

MA 1000 111.28 ± 8.32 80.46 ± 3.78 93.94 ± 8.60 40.88 ± 2.24 52.80 ± 3.66 19.01 ± 1.28 4.24 ± 0.32 6.88 ± 0.76 2.94 ± 0.34

Control - Male 114.12 ± 5.54 54.56 ± 2.68 88.34 ± 5.32 28.38 ± 1.26 93.66 ± 6.54 16.86 ± 1.92 3.60 ± 0.28 6.03 ± 0.32 2.44 ± 0.26

MA 100 112.70 ± 6.72 52.90 ± 3.04 90.04 ± 4.78 26.86 ± 1.80 98.92 ± 7.84 16.44 ± 1.56 3.26 ± 0.24 5.98 ± 0.38 2.56 ± 0.30

MA 300 113.56 ± 4.60 50.46 ± 3.86 89.58 ± 5.82 30.56 ± 1.66 94.92 ± 6.80 15.98 ± 1.36 3.56 ± 0.32 6.12 ± 0.82 2.60 ± 0.42

MA 1000 115.70 ± 7.32 51.52 ± 2.62 87.76 ± 4.68 31.04 ± 1.14 91.26 ± 8.36 16.04 ± 1.60 3.32 ± 0.28 6.10 ± 0.35 2.72 ± 0.38

Values are mean ± SD. There was no significant change in biochemical parameters of rats during treatment
AST aspartate transaminase, ALT alanine transaminase, n = 6
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Table 3 Organ weights of rats administered orally with MA for a period of 28 days
Treatment Dose (mg/kg,

p.o.)
Organ weight(gm)

Liver Lungs Brain Heart Spleen Kidney Testis/ovary

L R L R

Control ---- Female 6.56 ± 0.30 0.73 ± 0.08 1.98 ± 0.06 1.33 ± 0.05 0.73 ± 0.05 0.83 ± 0.05 0.76 ± 0.05 1.26 ± 0.15 1.26 ± 0.05

MA 100 5.33 ± 0.25 0.63 ± 0.05 1.90 ± 0.06 1.27 ± 0.15 0.72 ± 0.26 0.83 ± 0.20 0.66 ± 0.20 1.33 ± 0.20 1.26 ± 0.20

MA 300 5.33 ± 0.28 0.82 ± 0.19 1.92 ± 0.13 1.33 ± 0.11 0.86 ± 0.15 0.76 ± 0.15 0.80 ± 0.26 1.34 ± 0.17 1.36 ± 0.07

MA 1000 5.51 ± 0.27 0.86 ± 0.25 1.86 ± 0.12 1.23 ± 0.13 0.83 ± 0.11 0.81 ± 0.22 0.73 ± 0.15 1.36 ± 0.21 1.37 ± 0.04

Control ---- Male 6.26 ± 0.15 0.74 ± 0.05 2.13 ± 0.01 1.13 ± 0.28 0.56 ± 0.05 0.79 ± 0.25 0.72 ± 0.24 1.27 0.18 1.28 ± 0.13

MA 100 5.16 ± 0.37 0.67 ± 0.58 2.06 ± 0.07 1.15 ± 0.05 0.62 ± 0.16 0.77 ± 0.17 0.67 ± 0.05 1.29 ± 0.24 1.24 ± 0.11

MA 300 5.17 ± 0.39 0.65 ± 0.17 2.04 ± 0.06 1.19 ± 0.67 0.66 ± 0.15 0.69 ± 0.23 0.73 ± 0.16 1.37 ± 0.22 1.32 ± 0.23

MA 1000 5.34 ± 0.36 0.83 ± 0.20 2.13 ± 0.08 1.07 ± 0.14 0.56 ± 0.37 0.87 ± 0.06 0.85 ± 0.17 1.36 ± 0.16 1.36 ± 0.29

n = 6. Values are mean ± SD. There was no significant change in food consumption of rats during treatment

Fig. 7 Photomicrograph of organ sections of rats administered with normal saline and MA (1000mg/kg) for 28 days. Histomorphologies of
normal group rats—A, liver; C, kidney; E, alveolar sac; G, brain; I, cardiac cells; K, pancreatic cells; M, spleen; O, stomach. Histomorphologies of M.
alba treated rats—B, liver; D, kidney; F, alveolar sac; H, brain; J, cardiac cells; L, pancreatic cells; N, spleen; P, stomach. Cr. V central vein; Gr.
glomerulus; Av. Sc alveolar sac; Ist. L islet cells of Langerhans; Mu mucosa; SM sub mucosa; M muscularis; S serosa
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any associated neurochemical estimations; to understand
the exact mechanism of action and extend the results
further, it is necessary to carry out estimations of the
neurotransmitter levels in the brain.
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