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ABSTRACT

Objective: The aim of this study was to evaluate the toxicity of Mussaenda roxburghii with special reference to the nervous system.

Methods: For the study, 15 mice were obtained from Pasteur Institute, Shillong. The mice were then divided into three groups containing five mice in
each group. The groups were, namely Group I, Group II, and Group III; Group I mice received distilled water and acted as a control group, Group Il mice
received plant extract at a dose of 600 mg/kg body weight (BWT.), and Group III mice received plant extract at a dose of 800 mg/kg BWT. The doses
were administered orally through oral gavage tube for 28 days and the BWT of the mice was measured at 7%, 14%, 21%, and 28" days. The behavior of
mice was evaluated for anxiety, locomotion, immobility, learning, and memory with the elevated plus maze test (EPMT), open field test (OFT), forced
swim test (FST), and Morris water maze test (MWMT), respectively.

Results: The result of the experiment showed a decrease in the BWT of mice exposed to plant extracts significantly as compared to the control. In
the OFT, there is a significant decrease in total distance travel in OFT and also total distance travel in the central zone in mice treated with the plant
extracts as compared to the control mice. In the EPMT, the plant extract treated mice showed a decreased in the time spent in open arms. The FST
results in increased immobility in mice exposed to plant extracts as compared to control. In the present study, MWMT results in an increased escape
latency and path length and in decreased annulus crossovers in plant extract treated group as compared to control.

Conclusion: The results of the present study suggest that the plant extract alters the behavior of the treated mice and possesses neurotoxic activity.
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INTRODUCTION

Mussaenda species member of the Rubiaceae family is used in West Africa,
Indian subcontinent, Southeast Asia, and Southern China. This plantis used
in Chinese, Fijian, and Indian folkloric preparations to treat various diseases
and possesses medicinal activity such as the diuretic, antiphlogistic, and
antipyretic [1]. Mussaenda roxburghii (MR) Hook. is one of the species
found in Bhutan, Bangladesh, and Myanmar and in the Northeast part of
India. This plant has been reported to use to treat boils in tongue, bacterial
and fungal infection as traditional folk medicine and also used among
tribal people of Arunachal Pradesh, India, as food [2]. Studies reported
that these plant ethyl acetate and dichloromethane root extracts possess
good thrombolytic, anticancer, and anti-inflammatory activity. Methanol
leaves extract at a dose of 20, 40, and 60 mg/kg showed anti-neoplastic
properties in cancer cell lines, highest anticancer activity showed at
60 mg/kg i.p, and methanol leaves extract also showed antioxidant activity
and alpha-glucosidase activity [3]. Leaf extracts of this plant have anti-
inflammatory, thrombolytic anticancerous, and antiarthritic activity effect,
methanolic extract showed 53.79% and 86.93% of membrane stabilizing
activity at 31.25 pg/ml and 1000 pg/ml concentration, respectively [4,5].
Another author demonstrated that methanolic extract has strong cytotoxic
activity with the LC,, value of 0.52 and 0.62 pg/ml and antimicrobial
activity. The study on albino mice reported MR at the dose of 600 mg/kg
produce toxicity concerning food intake, body weight (BWT), and general
appearances [6]. The phytochemical analysis has reported that Mussaenda
genus presents active phytochemical iridoids, triterpenes, and flavonoid
and also, other phytochemicals such as beta-sitosterol glucosides, lupeol
palmitate, and myoinositol [7,8]. Dietary sterol glucosides were neurotoxic
to motor neurons [9].

Although studies on pharmacological properties have been carried
out on this plant, still there is no experimental evidence on its toxicity.

Hence, the present study was carried out to evaluate the toxicity,
neurobehavioral alterations induced by this plant.

MATERIALS AND METHODS

Plant materials

The plant material was collected in August 2016 from Dhalai
District, Tripura, India. The plant was identified and authenticated
by the Botanical Survey of India, Shillong, with No. BSI/ERC/Tech/
Identification/2016/315.

Animals

Adult male Swiss albino mice weighing between 20 g and 30 g were used
for the study which was obtained from the Pasteur Institute, Shillong.
The animals were housed in cages under standard environmental
conditions and had free access to food and water ad libitum. All the
procedures were performed after the approval institutional ethical
committee (Ref. No. AUS/IAEC/2017/PC/18).

Phytochemical analysis
The phytochemical analysis carried out using standard methods [10].

Quantitative estimation of chemical constituency
Total alkaloid estimation

A total of 200 ml of 20% acetic acid was added to 5 g of leaf powders
taken in a separate 250 ml beaker and covered to stand for 4 h. This
mixture containing solution was filtered and the volume was reduced to
1 quarter using a water bath. To this sample, concentrated ammonium
solution was added dropwise until the precipitate was complete. The
whole solution was allowed to settle and the precipitate was collected
after filtration and weighed [11].
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Total terpenoids estimation

About 2 g of the dried leaf powder was weighed and soaked in 50 ml
of 95% ethanol for 24 h. The extracts were filtered and the filtrate
extracted with petroleum ether (60-80°C) and concentrated to dryness.
The dry ether extracts were treated as total terpenoids [11].

Total flavonoids

The total flavonoids content was estimated using the procedure
described by Thakur and Sahani [12].

Total phenol estimation

The total phenol content of MR was estimated using Folin-Ciocalteu
reagent [13]. About 20 pg leaf extract was taken separately and it was
made up to 1 ml with DDW. Then, 500 ul of diluted Folin-Ciocalteu
reagent and 2.5 ml of sodium carbonate added. The mixture was shaken
well and then incubated in dark condition for 40 min. After incubation,
the absorbance was read at 725 nm. A calibration curve of gallic acid
was prepared and used for determining the total phenol content and
expressed as gallic acids equivalent.

Preparation of methanolic extract

The plant leaf was shade dried, powdered, and extracted at 60°C with
75% methanol using Soxhlet apparatus. The solvent was evaporated
under reduced pressure to obtain crude extracts. The extracts were
suspended in dissolved in normal saline and were used for the following
toxicological studies [14].

Toxicity studies
Determination of LD,

Swiss albino male mice of approximately the same weight were used.
About 20 mice divided into five groups each group containing four
mice. Acute toxicity was tested in response to 400, 800, 1200, 1600,
or 2000 mg/kg of methanolic leaf extracts. Animals were observed
for 72 h for behavioral changes or mortality. The number of mice died
within 72 h was recorded for each group, and subsequently, the median
lethal dose (LD, ) was determined by probit analysis [14,15].

Experimental design

For the study, 15 mice were obtained from Pasteur Institute, Shillong.
The mice were then divided into three groups containing five mice
in each group. The groups were namely, Group I, Group II, and
Group III; Group I mice received distilled water and acted as a control
group, Group II mice received plant extract at a dose of 600 mg/kg
BWT, and Group III mice received plant extract at a dose of 800 mg/kg
BWT. The doses were administered orally through oral gavage tube for
28 days. The experiments were performed 1 h after the administration
of the last dose.

Neurobehavioral evaluation tests

Open field test (OFT)

Open field activity was measured in a square area (25 cmx25 cm). At
the beginning of a test, mice were placed in the central part of the area.
We recorded the total distance traveled in the central zone and the total
distance traveled in the whole area. The mice were tracked during the
test by video-tracking software animal tracker [29].

Forced swim test (FST)

FST was conducted by Porsolt et al. [16]. The animal was individually
forced to swim in a transparent vessel (25 cm high, 15 cm in diameter)
filled with (12.5 cm high) water and a temperature of 21-24°C was
maintained. The duration of immobility (in second) was measured for
5 min. “Immobility” was defined as floating and treading water just
enough to keep the nose above water. The water was changed after
every other trial. The total immobility period during a 5 min test was
recorded on day 28 [34].
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Elevated plus maze test (EPMT)

The EPM apparatus consists of two open arms (16 cmx5 cm) and two
closed arms (16 cmx5 cm x12 c¢cm) having an open roof. The whole
apparatus was elevated 25 cm from the floor in a dimly lit room. The
mice were placed individually at the center of the maze with their head
facing a closed arm. The mice were allowed to explore the maze for
5 min. The number of entries in open arms and time spent in open arms
was recorded [18].

Spatial learning and memory examinations: Morris water maze
test (MWMT)

After the PH administrated for 28 days, the Morris water maze was
made up of a circular pool of diameter 110 cm and height of 30 cm,
the circular pool was filled with water and maintained a temperature
at 23+10°C. The circular pool was divided into four quadrants of equal
area. A hidden transparent escape platform of 9 cm in diameter was
placed in the center of one of the four quadrants of the pool. Mice have
administrated trials for 4 days repeatedly with an interval of 24 h. For
each daily trial, the mouse was placed into the water maze and allowed
to find the hidden platform. Once the mouse located the platform, it was
allowed to remain on it for 10 s, if the mouse did not locate the platform,
it was placed in a platform for 15 s. After finding the hidden platform,
the trial was stopped and escape latency time was recorded [23,32].
The animal movement path was recorded using a video camera and
AnimalTracker software [33].

BWT

The BWT of mice was recorded once a week and the food and water
consumption by each mouse was measured.

Statistical analysis

The data were analyzed using SPSS. The data are expressed as
mean+SEM. The statistical significance of difference was evaluated
using one-way analysis of variance followed by Tukey’s procedure for
multiple comparisons. p<0.05 was considered statistically significant.

RESULTS

Preliminary phytochemical screening

Results obtained from the experiments showed the presence of
alkaloids, flavonoids, saponin, carbohydrates, tannin, terpenoids and
fat, oil, etc. (Table 1).

Quantitative phytochemical analysis
Results of the quantitative phytochemical analysis of the plant extract
are represented in Table 2.

Acute toxicity (LD,))

Most of the animals showed a decrease in the water consumption, food
consumption, increased in respiratory rate, and dyspnea before death.
The first death was recorded 4 h after oral administration of the highest

Table 1: Phytochemical screening of methanol extract of MR

Plant constituents Methanol extracts

Alkaloid +
Saponin
Terpenoid
Phenol
Flavonoids
Steroid
Protein
Glycoside
Carbohydrates
Sterol

Tannin

I+ o+ o+ o+ o+

+ o+ o+

MR: Mussaenda roxburghii, +: Present, —: Absent
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dose (2400 mg/kg), which caused 100% mortality. The LD, of MR was
calculated to be 1778.27 mg/kg BWT (Fig. 1 and Table 3).
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=
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Fig. 1: The LD, of the methanolic extracts of Mussaenda
roxburghii
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Fig. 2: Body weight of mice. Comparisons were made using
one-way analysis of variance followed by Turkey’s multiple
comparison test (¥*p<0.05; **p<0.01; ***p<0.001)
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The result of the BWT after subchronic administration of mice is
reported in Fig. 2. A significant decrease in BWT was observed in the
2" week after the treatment of the plant extract in Group III (p<0.05)
and in the 3" and 4" weeks in both Group Il and Group III as compared
to the control group.

OFT

The effect of administration of crude extracts of MR (600 or 800 mg/kg)
in OFT on mice is reported in Fig. 3, Fig. 4 and Fig. 5 for the total distance
traveled and total distance traveled in the central zone, respectively.
The total distance traveled was significantly lower in both plant
extract treated groups, i.e., Group II (p<0.05) and Group III (p<0.001)
as compared to the control group. The total distance traveled in the
central zone was also significantly lower in both plant extract treated
groups, i.e., Group II (p<0.01) and Group III (p<0.001) as compared to
the control group.

EPM

In the EPMT, the time spent in open arm and the percentage of time
spent open arm were significantly decreased in Group II (p<0.05) and
Group III (p<0.01) and compared to that of the control group (Fig. 6
and Fig. 7).

FST

In the FST, the immobility was recorded in second for 5 min. The
immobility was increased in the Group III significantly (p<0.01) as
compared to the control group (Fig. 8).

MWMT

The result of the MWMT for escape latency is reported in Fig. 9
and Fig. 10. On the 3, 4", and 5% days, there is a significant increase
in escape latency in Group III, and on the 5" day, there is a significant
increase in Group II. The result of path length is reported in Fig. 11. On
the 24, 31, 4% and 5™ days, there is a significant increase in path length
in Group III, and on the 4™ and 5% days, there is a significant increase
in Group II in path length as compared to the control group. The target
annulus crossover is reported in Fig. 12. A significant decrease in
Group Il was observed as compared to that of the control group.

DISCUSSION

M. roxburghii is an ethnomedicinal plant used in traditional medicine of
Tripura and also other parts of Northeast India. However, scientific data
on the toxicity of this plant are not available yet. Till now, no data have
been published concerning its safety on the central nervous system.

The preliminary phytochemical analysis showed that the methanolic
extract of MR presents alkaloid, terpenoid, glycoside, phenol, flavonoids,
steroids, and protein. The quantitative phytochemical analysis of the
plant extract showed the presence of total alkaloid of 3 g/100 g and

Table 2: Quantitative analysis of phytochemical of the leaves extracts of MR

Total plant Total plant Methanol extracts total Methanol extracts total
terpenoids (mg/10 g) alkaloids (mg/100 g) flavonoids content (g/100 g) phenol content (g/100 g)
14.5621 mg/10 g 3g/100g 13.9736842 g/100 g 9.74137931g/100 g
MR: Mussaenda roxburghii

Table 3: Determination of acute oral toxicity of MR
Dose mg/kg (body weight) Log dose Total number of Mortality(%) Corrected p value

animal died (72 h) mortality (%)

400 2.6021 0 0 2.50 3.04
800 2.9031 0 0 2.50 3.04
1200 3.0792 0 0 2.50 3.04
1600 3.2041 1/4 25 25.00 433
2000 3.301 2/4 50 40.00 5
2400 3.3802 4/4 100 97.50 6.96

Corrected formula: For 0% dead=100 (0.25)/n; for 100% dead=100 (n-0.25)/n, where n=Number of animals in each group. MR: Mussaenda roxburghii
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Fig. 3: Representative images of tracking of mice behavior in the
open field test. (a) Group I, (b) Group II, (c) Group III
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Fig. 4: Total distance traveled in open field test. Each column
represents mean+SEM (n=>5). Comparisons were made using
one-way analysis of variance followed by Turkey’s multiple
comparison test (*p<0.05; **p<0.01; ***p<0.001)
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Fig. 5: Total distance traveled in the central zone in the open field
test. Each column represents mean+SEM (n=5). Comparisons
were made using one-way analysis of variance followed
by Turkey’s multiple comparison test (*p<0.05; **p<0.01;
***p<0.001)

total terpenoids of 14.56 mg/10 g, total phenol of 9.74 g/100g, and
flavonoids of 13.9736842 g/100 g. Studies reported that this plant
contains sterol glucosides which are toxic to the motor neurons [9].

In the present study, the effects of methanolic extract MR leaf on certain
behavioral paradigms have been carried out on male Swiss albino mice.
An important step in evaluating the action of a substance in the central
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Fig. 6: Total time spent in open arm in the elevated plus maze.

Each column represents mean+SEM (n=5). Comparisons were

made using one-way analysis of variance followed by Turkey’s
multiple comparison test (*p<0.05; **p<0.01; ***p<0.001)

|

&
1

% of time spent open arm
§

~
S
1

T T T
Group I Group IT Group IIT

Treatment

Fig. 7: Percentage of time spent in open arm in the elevated
plus maze test. Each column represents mean+SEM (n=5).
Comparisons were made using one-way analysis of variance
followed by Turkey’s multiple comparison test (*p<0.05;
**p<0.01; ***p<0.001)

nervous system (CNS) is to observe its effect on the behavior of the
animal.

The LD, study of the methanolic extract of MR leaf showed no mortality
at dose from 400 to 1200, whereas at doses from 2000 to 2400 mg/
kg BWT, all the animals showed abnormal behavior and diarrhea
developed within 4 h of administration of the extract. In the present
study, the LD, of the extract by the oral route was 1778.27 mg/kg
BWT. A recent study on acute toxicity by Islam et al. reported the LD,
of methanolic extract of MR as 600 mg/kg BWT administered through
i.p in mice [6].

Analysis of organ weight in toxicology study is important for
identification of the harmful effect of chemicals [19]. In this study,
changes in the BWT were observed in the mice groups fed with the plant
extracts. Relative organ weights have been observed in toxicity study
to be a relatively sensitive indicator for particular organs and define
toxicity. Changes in mice brain weight or BWT, decrease or increase in
food consumption and organ weight act as hallmark of stress [20].
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It is an important step to evaluate the action of a substance on the
behavior of the animal to observe its effects on CNS of the animal.
The results of the present study showed a decrease in the locomotor
activity in the mice exposed to MR which gives an indication of toxicity
in the CNS and the decrease in locomotor activity may be closely related
to sedation resulting from the depression of the CNS. This sedative
effect may be due to the presence of toxic compounds of alkaloids,
terpenoids, etc. The similar effect has been reported by many other
plants extract [17,21,22,30].

The EPMT is used to investigate the anxiolytic and anxiogenic activity
drugs. Anxiolytic drugs increase the amount of time spent in open
arm, and anxiogenic drugs decrease the time spent in open arm. The
animals which spent less time spent in open arms are associated with
significant anxiety-related behaviors [18,26]. In this study, plant extract
showed anxiogenic activity by decreasing the time spent in open arms
in the plant extract treated mice as compared to that of the control mice.
Similar results were found in studies of other plants where higher doses
showed anxiogenic activity in EPMT [28].

The FST is used to monitor depression as behavior by estimating
immobility [24]. When mice are forced to swim in an inescapable
situation, they tend to become immobile after an initial vigorous activity.
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Fig. 8: Immobility in the forced swim test. Each column represents
mean+SEM (n=5). Comparisons were made using one-way
analysis of variance followed by Turkey’s multiple comparison
test (*p<0.05; **p<0.01; ***p<0.001)

Fig. 9: Representative images of tracking of mice behavior in the
Morris water maze test. (a) Group I, (b) Group II, (c) Group III
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The immobility reflects a state of lowered mood in which the animals
have given up hope of finding an exit and have resigned themselves to
the experimental situation. In the present study, the significant increase
in immobility in the mice treated with plant extract indicates depressant
activity of the extract on the treated mice at the given doses [31].
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Fig. 10: Escape latency in Morris water maze test. The data are
represented as mean*SEM (n=5). Comparisons were made using
one-way analysis of variance followed by Turkey’s multiple
comparison test (*p<0.05; **p<0.01; ***p<0.001)
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Fig. 11: Path length in Morris water maze test. The data are
represented as mean+SEM (n=5). Comparisons were made using
one-way analysis of variance followed by Turkey’s multiple
comparison test (¥*p<0.05; **p<0.01; ***p<0.001)
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Fig. 12: Number of annulus crossover in Morris water maze test.
The data are represented as mean+SEM (n=5). Comparisons were
made using one-way analysis of variance followed by Turkey’s
multiple comparison test (*p<0.05; **p<0.01; ***p<0.001)

In the present study, it was observed that in the MR treated groups,
the escape latency and the path length (Fig. 9, Fig. 10, Fig. 11) were
increased as compared to that of the control group, whereas the number
of annulus crossovers (Fig. 12) in the MR treated groups was increased
significantly which indicates that MR extract could cause learning and
memory impairment in mice [27].

The number of annulus crossover in high dose (800 mg/kg) was
significant, whereas no significant changed was observed at low dose.
Reduced the number of annulus crossover indicates a decreased in the
cognitive function of the plant extract treated mice as compared to the
control mice [25].

CONCLUSION

From the experiments of this study, it could be concluded that the
methanolic extract of the plant possesses neurotoxic properties. The
acute toxicity study showed that the extract was moderately safe at
lower doses. Chronic exposure of mice of plant extract for 28 days
changes the BWT. The neurobehavioral performance in the test mice
was altered, which resulted in anxiety, depression, loss of locomotor
activity, and learning and memory in mice. In conclusion, care should
be taken while using this plant for medicinal purposes.
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