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The polysaccharide isolated from Solanum nigrum was proven to possess an
immunomodulatory effect and able to suppress the progression of tumor cells by proxy.
However, data on the toxicity profile is still limited. The present preclinical study was
conducted to investigate the toxicity potential of the crude polysaccharide sample. The acute
toxicity experimental design was adapted from OECD 423 guideline. Nine female BALB/c mice
were randomly divided into 3 groups, 3 mice per group (n=3). Mice in group A (first-step
treatment) were orally administered with a single treatment of crude polysaccharide sample at
concentration 2,000 mg/kg/bw (300 nL). Mice in group B (second-step treatment) were received
the single treatment after 24 hours, depending on the observation of mice in group A. Mice in
group C served as control. Mortality and clinical signs associated with toxicity were observed
within 24 hours of treatment session and for the subsequence 14 days for delay-death detection.
Mice body weight was recorded starting at day-0 until day-14 prior to sacrificing at day-15.
Blood, liver, and kidney were harvested for toxicology assessment. Within 24 hours of treatment,
1 mouse in group A was found to died, while no mortality and delay-death were observed in
groups B and C. Referring to OECD 423, it was estimated that the LD50 of the treated sample
was 2,500-5,000 mg/kg/bw. No significant changes (p<0.05) were detected in terms of body
weight and organ weight indexes of the treated mice as compared to control. The polysaccharide
treatment also revealed no significant elevation in mice serum glucose levels. The present
findings indicated that the treatment of crude polysaccharide sample exerted a very mild acute
toxicity effect when orally administered at 2,000 mg/kg/bw, with no delay-death.
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Herbal medicines have been utilized and
are still being used in developing countries as the
primary source of medicinal treatment. Plenty
of scientific evidence has proven the potential
of terrestrial plant extracts for the preparation of
evident-based treatments against various diseases
I. Even though many believe that the utilization of
medicinal plant products recognized as ‘natural’

as treatments for diseases, it does not mean that
it is entirely safe to be consumed. In medicinal
production, secondary metabolites that have been
extracted from plants such as saponins, terpenoids,
cyanogenic, tannins, toxic amino acids, glycosides,
and alkaloids were widely used as a part of active
ingredients in pharmaceutical formulation 2.
Toxicology studies need to be conducted as it may
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provide knowledge on the plant in terms of their
toxicity capability and precaution that need to be
taken for the utilization pharmaceutical industry .

Solanum nigrum is an herbal plant
that widely grows and is distributed throughout
temperate climate zones to the tropical region
of Asia and the Southern hemisphere, from sea
level to altitudes over 3,500 meters *. S. nigrum is
commonly used as traditional folk medicine and
is believed to have various biological activities
such as anti-cancer, anti-septic, anti-dysenteric and
wound healing properties °. In the previous studies,
the S. nigrum polysaccharide fraction, SN-ppF3
was proven to have immunomodulatory activities
where it could classically activate macrophage
cells through the NF-xB transduction signaling
pathway and indirectly suppressed the proliferation
of breast cancer cells in tumor-induced BALB/c
mice %78, These documented health benefits of
the S. nigrum plant products can be utilized in
various pharmaceutical applications. However,
information regarding toxicity capability is still
limited. Although natural source phytoconstituents
are familiar to have little to no toxicity effect, the
continuous consumption of the compounds could
draw follow-up health implications. Thus, this
study was carried out to deduce the acute toxicity
information of the S. nigrum crude polysaccharide
extract at the preclinical level.

MATERIALS AND METHODS

Materials

General chemicals used in this study were
analytical standard grade and were purchased from
Sigma-Aldrich company unless specifically stated.
Information on the instruments used was provided
in the paragraph.
Methods
Sample preparation

Fresh plants of Solanum nigrum L. nigrum
were purchased from the local market located at
Bangi, Selangor, Malaysia. The S. nigrum plant
was previously identified and authenticated by Dr.
Sugumaran Manickam from Institute of Biological
Sciences, Faculty of Science, University of Malaya,
Kuala Lumpur, Malaysia, and a voucher specimen
was deposited at the Rimba Ilmu Herbarium
(Herbarium number: KLU 47872). The crude
polysaccharide samples were extracted according
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to the previously described method . Briefly,
polysaccharide was extracted from dried, ground
stems of S. nigrum by refluxing the sample with 2
L of petroleum ether (60°C—-80°C), followed with
2 L of 80% ethanol. The residue was then boiled in
2 L of 95°C water for 5 hours. The polysaccharide
in the filtrate of the boiled mixture was precipitated
out with an equal volume of 70% ethanol, overnight
at 4°C. Next, the crude polysaccharide was
collected through centrifugation at 2,300 xg for
5 minutes. After that, the crude polysaccharide
sample was washed twice with 95% ethanol.
The crude polysaccharide was allowed to dry in
a desiccator for approximately 7 days or until it
completely dried. The crude polysaccharide was
stored at 4°C for further use.
Estimation of carbohydrate content

The phenol-sulfuric acid assay was carried
out to detect and estimate the carbohydrate content
in the crude polysaccharide samples. Exactly
1,000 pL of 1 mg/mL of crude polysaccharide
sample was pipetted into a glass test tube. Then,
the sample was mixed with 1,500 pL sulfuric
acid and 300 pL of 5% phenol. The solution was
heated in a 95°C water bath for 5 minutes. The
presence of carbohydrates was indicated as the
appearance of a yellow color solution. To determine
the amount of carbohydrate content, the solution
was assessed through a spectrophotometer at 490
nm wavelength. Then, the absorbance value was
extrapolated in a standard curve of D-glucose °. The
chemical test was conducted at least in triplicates
(n=3).
Estimation of protein content

The protein content in the crude
polysaccharide sample was estimated by using
the Bradford assay. Basically, 1,000 uL of'a 1 mg/
mL crude polysaccharide sample was mixed with
500 pL of Bradford reagent in a glass test tube.
The solution was incubated in a dark ambiance for
10 minutes, allowing the reaction to happen. The
presence of protein was indicated as the appearance
of the blue color solution. A spectrophotometer
was used to measure the absorbance at a spectrum
wavelength of 595 nm. The protein content in the
crude polysaccharide of S. nigrum was estimated
by extrapolating the absorbance value in a standard
curve of bovine serum albumin. The chemical test
was conducted at least in triplicates (n=3).



RAZALI et al., Biomed. & Pharmacol. J, Vol. 14(4), 2131-2139 (2021)

Preparation of preclinical analyses

Nine female BALB/c mice (5-6 weeks
old) weighing around 28-30 g were purchased from
Sinar Scientific Sdn. Bhd. located in Sri Kembangan,
Selangor, Malaysia. Mice were acclimatized for at
least 14 days prior to the experiment. Mice were
kept in cages under controlled environmental
conditions of temperature 25+1°C and 12 hours/12
light/ dark cycle and supplied with standard food
pellets and tap water, ad libitum. The principles
and guidelines for animal care, research and animal
sacrificed protocols were in accordance with animal
ethical clearance approved by the Universiti Kuala
Lumpur Institute of Medical Science Technology
(UniKL-MESTECH) Animal Ethics Committee
(Ref.: AEC/MESTECH-UNIKL/2020/001/MAY-
2020-NOV-2022).
Acute toxicity study

The acute toxicity study was carried out
in accordance with OECD 423 guidelines. Nine
healthy mice were randomly divided into 3 groups
consisting of 3 mice in each group (#n=3). Mice in
group A were single-time treated with 300 puL of
2,000 mg/kg crude polysaccharide as the first-step
treatment '°. For the second-step treatment, mice
in group B were receiving a similar treatment
regimen as in group A, if there is 0 mortality or
only 1 mouse died. The treatment dose will be
adjusted if mortality of more than 1 mouse is
recorded. Mice in group C were served as control
that received only the vehicle, 300 pL of normal
saline. The overall treatment design was referred to
a workflow as suggested by OECD 423 guideline.
The effect of the treatment sample was determined
within the first 24 hours of the treatment session
and alive animals continue to be observed (without
treatment) within 14 days for delay-death detection.
At the end of the session, the LD, of the sample
dose was determined.
Behavioral observation of the treated mice

The morbidity and mortality of the
treated mice were observed every 1 hour within
12 hours after the first-step treatment session and
continued to observe for the next 24 hours. This
observation was conducted to detect possible
toxicological symptoms as suggested by OECD
423 guideline. The weight of each mouse was
recorded daily starting on day-0 until day-14. The
physical observation was carried out to indicate
any sign associated with toxicity that arises in
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terms of survival, food intake, fur, skin, eyes,
and any bizarre behaviors. On day-15, mice were
sacrificed through cervical dislocation. Blood and
vital organs (kidney and liver) were harvested for
the next subsequence toxicology assessments.
Hematology assessment on serum glucose level

The blood sample was withdrawn through
cardiac puncture and a portion of the collected
blood was assessed in terms of its serum glucose
level by using a standard glucometer. Index of
serum glucose level for treated mice was calculated
and compared to the control group.
Vital organ assessment

The harvested liver and kidney were
weighted using a weighing balance. The weight for
each vital organ was recorded and the organ weight
indexes were calculated based on the following

formula:
Organ weight (mg)

Organ index {(m = -
& (me/e) Mice body weight at day 14 (g)

Next, the calculated organ weight index of
group A and B were compared to the control group
mice. The harvested organs were then preserved
in 15 mL of 10% formalin solution for further
histopathological analysis.

Statistical analysis

The one-way analysis of variance
(ANOVA) was used to analyze all collected data,
with the significant difference between data means
determined by Duncan’s multiple range test at 95%
confidence level (p<0.05) with a minimal number
of replication (n=3) using SPSS 17.0 Statistic
software. All graphs and standard curves were
constructed by using GraphPad Prism 5 software.

RESULTS AND DISCUSSION

Percentage of extraction yield of crude
polysaccharide

The crude polysaccharide was extracted
by using the Soxhlet extraction method with two
different solvents in a separate extraction process.
Soxhlet extraction method utilizes the principle of
reflux and siphoning to continuously extract the
crude with clean solvent. Table 1 shows the yield
of crude polysaccharides obtained from 107.44
g of dry stems of S. nigrum. The total weight of
crude polysaccharides was 1.98 g. Throughout
the process, 1.84% of crude polysaccharides were
successfully be extracted. The yield percentage
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of isolated crude polysaccharide was higher as
compared to another study that only yielded around
1.30% of crude polysaccharides via maceration
method !". The difference is probably due to the
type of extraction technique applied. The Soxhlet
extraction method is an automatic continuous

Table 1. Yield of crude polysaccharide extracts
isolated from the stem of Solanum nigrum
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extraction technique that can produce larger
yields that requires less time and smaller solvent
consumption compared to other conventional
methods such as maceration '%. It was suggested
that the Soxhlet extraction method is the preferable
method used to extract crude polysaccharides as
compared to the maceration technique due to high
extraction efficiency.

Carbohydrate content in crude polysaccharide
sample

Weight of Weight of crude Percentage The phenol-sulfuric acid method is
dry stem polysaccharide (g) extraction frequently used colorimetric approach to detect
(8 yield (%) the presence of sugar compound and estimate
the carbohydrate level contained in the sample “.
107.44 1.98 1.84 The amount of carbohydrate can be quantitatively
Table 2. Estimation of carbohydrate content in Solanum nigrum crude polysaccharide
sample
Concentration Absorbance Concentration Mean + SD Percentage of
of crude (OD) of carbohydrate (mg/mL) carbohydrate
polysaccharide (mg/mL) content (%)
(ng/mL)
1,000 1.027 389.42 462.9 +108.1 46.3%
1.582 587.00
1.091 412.21

Data expressed was mean + standard deviation (n=3).
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Fig. 1. Mice body weight were daily measured for 14 consecutive days. Asterisk signs (*) indicate significant
difference between control and treated groups at p<0.05. SN-CP: S. nigrum crude polysaccharide. Photographs
are (A) first-step treatment (n=2), (B) Second-step treatment (n=3) and (C) control (n=3)
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estimated through the color intensity detection
by using a spectrophotometer and extrapolation
against the standard curve of D-glucose °. Referring
to Table 2, the estimated percentage of the
carbohydrate content of crude polysaccharides was
around 46.30%. The percentage of carbohydrate
content was considered low as compared to
another study, which estimated around 63.60% '.
However, the present finding is assumed to reveal
a decent amount of carbohydrate content as it was
reported that the carbohydrate content ranging in
between 8.38% to 67.17% is categorized under
the polysaccharide group for a crude sample
that belongs to the family of Solanaceae plant '.
Therefore, the crude polysaccharide of S. nigrum is
assumed to be majorly composed of carbohydrates.
In an effort of obtaining a greater percentage of the
carbohydrate content in the crude polysaccharide
sample, it was suggested that reducing the boiling
time of the sample could elevate the carbohydrate
content. The influence of boiling contributes to the
breakage of weak bonds between polysaccharides
and the cleavage of glycosidic bonds, which may
result in the solubilization of low molecular weight
carbohydrates due to thermal degradation *.
Protein content in crude polysaccharide sample
The protein content from the isolated
crude polysaccharide was estimated by using

the Bradford assay. As a positive indication, the
solution turned into the blue color indicating the
presence of protein '°. Data in Table 3 revealed
that the protein content in the crude polysaccharide
sample was estimated at around 34.7%. The
result was higher as compared to the other study
that shows only 3.26% of crude protein content.
According to the ', the crude protein contents
are commonly varied from 2.39% to 6.45%
in the reproductive stage among Solanaceae.
Thus, the crude polysaccharide was considered
higher in protein content. This is due to the crude
polysaccharides being not purely polysaccharides
and may contain glycoproteins and some other polar
components. It was suggested that further sample
purification can be performed to remove protein
and some other unwanted components by using ion-
exchange column chromatography. Crude sample
can be resolved through diethylaminomethyl
cellulose as the column stationary phase, and it
was showed that the total content of protein in
semi-purified polysaccharide fractions were less
than 1% and indicating the absent of glycoproteins
6. The crude polysaccharide sample is expected to
possess the very least protein amount, concerning
protein derivatives such as glycoproteins in most
Solanaceae plant families could exert significant
toxicity capability.

Table 3. Estimation of protein content in Solanum nigrum crude polysaccharide sample

Concentration of Absorbance Concentration Mean + SD Percentage of
crude polysaccharide (OD) of protein (mg/mL) protein content
(ng/mL) (mg/mL) (%)
1,000 0.464 0.683 0.495 £0.211 34.6%
0.182 0.268
0.364 0.535
Data expressed was mean + standard deviation (n=3).
Table 4. Acute toxicity potential on mortality of treated mice
Group Dose Number of *Number of *Mortality
(mg/kg/bw) mice in cage dead mice rate (%)
A (SN-CP) 2,000 3 1 333
B (SN-CP) 2,000 3 0 0
C (Control) - 3 0 0

“Within 24 hours of treatment session. *Mortality rate (%) = (Number of dead mice after
treatment / number of treated mice) x 100. SN-CP = S. nigrum crude polysaccharide. (A):
First-step treatment. (B): Second-step treatment.
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Acute toxicity evaluation
Behavioral observation and mice body weight
Behavioral changes and body weight
are preliminary standard signs of toxicity caused
by numerous chemicals and drugs '’. Within
24 hours of the first-step treatment session, one
mouse expressed changes in its behavior such as
less active, sleepy eyes, fast breathing compared
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to control groups. That mouse was reported dead
(Table 4). The remaining mice were behaved
normally as no signs of changes in the fur,
salivation, and diarrhea, indicating no toxicity
implication '. Mice in second-step treatment did
not show any kind of abnormal behaviors within
24 hours after the administration of the treatment
with crude polysaccharide. No significant changes

Table 5. Behavioral observations for control and polysaccharide-treated groups

Groups First-step treatment Second-step treatment Control
(SN-CP 2,000 mg/kg/bw)  (SN-CP 2,000 mg/kg/bw)

*QObservation 24 hours 14 days 24 hours 14 days 24 hours 14 days
Activity Inactive *Active Active “Active Active “Active
Eyes Sleepy “Normal Normal “Normal Normal “Normal
Appetite Normal “Normal Normal “Normal Normal “Normal
Fur Normal “Normal Normal “Normal Normal “Normal
Breathing Normal “Normal Normal “Normal Normal “Normal
Salivation Absent “Absent Absent “*Absent Absent “*Absent
Diarrhea Absent *Absent Absent “*Absent Absent “*Absent

One mouse was found died within 24 hours of first-step treatment. Observation was continued to day-14 for the
remaining alive tested mice, ‘n=2 and “'n=3. *Observation of clinical signs suggested in OECD 423 Guideline. SN-

CP: S. nigrum crude polysaccharide.

Table 6. Vital organ weight indexes of crude polysaccharide treated mice

Group Dose **Body *Liver weight *Kidney weight
(mg/kg/bw) weight (g) index (mg/g) index (mg/g)a
A (SN-CP) 2,000 29.50 £ 1.50° 35.93+0.19° 12.54 £ 0.05¢
B (SN-CP) 2,000 *30.39 + 3.40° 31.26+0.32° 11.85 +0.04¢
C (Control) - 30.57 £ 0.85° 43.18£0.13° 11.45 +0.04°

*Organ body index (mg/g) = organ weight (mg) / body weight (g). Data expressed were mean + standard
deviation ("n=2, “'n=3). Superscripted letters (a, b and c) across row indicated no significant differences at
p<0.05. **Body weight of mice was measured at the last day-14. SN-CP: S. nigrum crude polysaccharide.

Table 7. Serum glucose index of polysaccharide-treated

mice
Group Treatment dose *Serum glucose level
(mg/kg/bw) index (mmol/L/g)
A (SN-CP) 2,000 *0.24 +3.39¢
B (SN-CP) 2,000 0.24 £2.79¢
C (Control) - 0.28 + 0.07¢

*Index of serum glucose to mice body weight at day-15. Data
expressed were mean + standard deviation. Superscripted letter (d)
across row indicated no significant differences at p<0.05 (‘n=2, "'n=3).
SN-CP: S. nigrum crude polysaccharide.
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in general appearance or behavioral pattern were
observed till the end of 14 days experimental period
(Table 5).

The change in body weight is an indicator
of mice’s health deterioration after the initial
sample administration. Dramatical decline greater
than 10% of the initial body weight is imposed
to toxicity indication ". In this study, mice body
weights were measured from day of dosing (day-0)
until day-14. There was a significant difference in
the changes of the body weight from day 0 to day-
2 in the first-step treatment due to one mouse was
found dead on that day. The bodyweight showed
a slight reduction in the first two days and then
it was maintained until the end of the treatment
(Figure 1). A documented literature stated that
herbal extracts can help to suppress the appetite
of animals and thus reduce animal body weight
1. Reduction in body weight is often correlated
with normal physiological body responses towards
plant extract compounds *. Overall, there were
no significant differences in the in changes of the
body weight between treated mice and control mice
until the end of the observation. Therefore, it was
suggested that the treatment of S. nigrum crude
polysaccharide exerted almost non-toxic and did
not induce any harmful changes on the mice to
body weights.

Treatment effect on mice survival

Acute toxicity test measures the adverse
effects that occur within a short period of time,
commonly 24 hours after a single dose of a
substance is administered. For this acute toxicity
study, the crude polysaccharide of S. nigrum
was administered according to the suggested
experimental design of OECD 423 guideline.
Referring to Table 4, one mouse was found dead
at the tested sample dose of 2,000 mg/kg within
24 hours of sample administration. The study was
continued with the second-step treatment, where
group B mice (n=3) were administered with crude
polysaccharides at a similar sample dose as in the
first-step treatment. After 24 hours of the treatment
session, no mortality was recorded. No delay death
was also recorded as mice remained alive until 14
days of the treatment session. In this study, the
LD, of the treatment dose was determined as in
between 2,500 to 5,000 mg/kg/bw. The toxicity
level can be categorized as non-toxic or harmless
as it executed no acute toxicity effect toward
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tested animals ?'. The claim was also supported
by the chemical labelling and classification of
acute systemic toxicity based on oral LD, values;
extremely toxic, < 5 mg/kg body weight; toxic,
> 5 < 50 mg/kg; harmful, > 50 < 500 mg/kg; and
no label, > 500 < 2,000 mg/kg . Thus, the lethal
effect presented in this treatment suggested that the
crude polysaccharide of S. nigrum implied very
mild toxicity given orally at a dose of 2,000 mg/
kg.
Vital organ assessment

The vital organs were harvested after
14 days of treatment and the data in Table 6
has shown no significant difference (p<0.05) of
the organ weight indexes for mice in the crude
polysaccharide-treated group as compared to the
control group. Significant changes towards organ
weight index indicate toxicity implication as the
treatment could cause organ damage and series
of inflammation. Significant increment of mice
liver weight index was reported when exposed to
toxicants 2%, The present findings suggested that
oral treatment of S. nigrum crude polysaccharide
was not causing deterioration of vital organs (liver
and kidney) weight indexes. However, further
histopathology assessment is necessary to be
conducted to confirm the preliminary claim.
Effect of treatment on serum glucose level

It was reported earlier that the
polysaccharide sample composed of high
carbohydrate content (Table 2) and prolonged
consumption might affect the regulation of serum
glucose level. Mice serum glucose level was
measured by a glucometer at day-15, and data
in Table 7 has shown no significant differences
(»<0.05) of serum glucose level index of sample-
treated groups as compared to the control group.
It was suggested the single treatment of crude
polysaccharide samples at doses of 2,000 mg/kg did
not affect the regulation of serum glucose levels.
However, as the current study was conducted onto
healthy test subject with no diabetic history, further
investigation is necessary to be performed on test
subjects with the diabetic conditions to confirm the
effect of crude polysaccharide samples on serum
glucose regulation ».

CONCLUSION

Data gathered in the present study revealed
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that a single treatment of crude polysaccharide
isolated from the stem of S. nigrum at dose 2,000
mg/kg/bw was not exerting acute toxicity towards
BALB/c mice. It was reported that only one
mouse was found dead in the first-step treatment,
while the rest of the test subjects were alive with
no delay-death recorded. Referring to the study
workflow suggested by OECD 423 guideline,
LD,, of the crude polysaccharide sample was
determined between 2,500 to 5,000 mg/kg/bw. The
single treatment caused insignificant changes in
mice behavior, body weight index and vital organ
indexes as compared to the control group.
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