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Abstract
Background  Mimosa diplotricha is an ethnic medicinal plant that has numerous ethnopharmacological applications. 
Here, tested the crude methanol extract (MDME), petroleum ether (MDPE), chloroform (MDCF), and n-hexane 
(MDNH) fractions of M. diplotricha in vivo to determine their bioactivities, specifically CNS and oral hypoglycemic, and 
evaluated their antioxidant and cytotoxicity in vitro.

Method  Oral hypoglycemic activity was measured by an oral glucose tolerance test. Central nervous system 
activities were done by elevated plus maze (EPM), hole board, hole cross, and open field method. Antioxidant activity 
was measured by a superoxide scavenging and ferric-reducing effect assay. Cytotoxicity was determined by using a 
brine-shrimp lethality bioassay.

Result  The test samples MDME and MDME markedly reduced the blood glucose levels after 90 min of the test 
interval, with values of 33.58% and 39.92%, respectively. In the open-field and hole-crossed tests, all the test samples 
exhibited reduced locomotor activities that preceded significant sedative activity. Among them, MDNH (p < 0.001) 
showed a marked sedative effect. During the EPM test, mice treated with MDME and its fractions preferred to remain 
in the open arm, indicating antianxiety-like behavior, whereas in the hole board model, MDME extract showed a 
reduction in head dipping compared to standard diazepam. In the antioxidant assay, the MDME extract demonstrated 
a significantly lower IC50 value in the superoxide scavenging and ferric reducing assays, respectively. In the cytotoxicity 
assay, we observed the lowest LC50 values for each extract when compared to the standard vincristine sulfate.
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Background
Diabetes Mellitus (DM) is a multifaceted metabolic syn-
drome characterized by hyperglycemia, relative insulin 
inadequacy, and a gradual decline in insulin sensitivity 
[1]. Type 2 diabetes accounts for more than 90% of cases, 
and both inherited and environmental factors play a 
role in its etiopathogenesis. Type 1 diabetes affects five 
to ten% of people, and its main cause is the autoim-
mune destruction of pancreatic beta cells [2]. Recently, 
the exponential increase in diabetes has challenged the 
healthcare sector of the world which will affect 642 mil-
lion people by 2040 [3]. The most widely consumed anti-
diabetic drugs are unidimensional in their mechanism of 
action and they do not concurrently adopt the multiple 
alterations implicated in the progression and develop-
ment of diabetes [4]. Furthermore, due to a number of 
negative side effects, including severe hypoglycemia, liver 
damage, lactic acidosis, blood dyscrasias, colonic ulcers, 
and gastrointestinal intolerance, they reveal poorer effi-
cacy with time, pitiful acceptance, and minimal compli-
ance [5].

Anxiety and depression are estimated to affect 4.7% 
and 7.3% of the world’s population, respectively [6]. Sig-
nificant alterations in homoeostatic processes, such as 

immunological, endocrine, neurochemical, cognitive, 
and autonomic system dysregulation, can cause anxiety 
and sadness. Alterations in neuronal processes can lead 
to a variety of repercussions, including the breakdown 
of neuronal function, structural changes, disruption 
of neural networks and plasticity, and chemical imbal-
ance in the brain [7]. Depression is the leading cause of 
disability, characterized by the prolonged presence of 
specific somatic and cognitive abnormalities in combi-
nation with a sad mood, loss of interest, feelings of low 
self-respect, interrupted sleep, and minimal energy [8]. 
Currently available antidepressants include tricyclic 
antidepressants (TCAs), monoamine oxidase inhibitors 
(MAOIs), selective serotonin reuptake inhibitors (SSRIs), 
serotonin-norepinephrine reuptake inhibitors (SNRIs), 
norepinephrine-dopamine reuptake inhibitors (NDRIs), 
selective norepinephrine reuptake inhibitors (SNRIs), 
norepinephrine reuptake inhibitor with serotonin recep-
tor antagonism (NRISA), atypical, and NMDA-glu-
tamatergic ionoceptor antagonists [9]. Despite being 
frequently prescribed for depression, current antidepres-
sants have a number of drawbacks, such as low response 
rates and delayed therapeutic response, which make 
patient compliance problematic [10].

Conclusion  The current study indicates that the plant extracts have potential antioxidant, cytotoxic, hypoglycemic, 
sedative, and anxiolytic activities.
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The most prevalent psychiatric disorders are anxi-
ety disorders [11]. Treatment becomes more compli-
cated due to the higher comorbidity between anxiety 
and depressive disorders or between anxiety disorders 
[12]. The available anxiolytic drugs for the treatment of 
anxiety include benzodiazepines, antidepressants, anti-
histamines, adrenergic agents, antipsychotics, seroto-
nergic agents, glutamate modulators, neuropeptides, and 
neurosteroids [13]. However, all of the prevailing drugs 
exhibited severe adverse effects like respiratory depres-
sion, impaired coordination, slurred speech, confusion, 
coma, hypotension, seizures, dysarthria, lethargy, and 
dizziness [14]. Due to its wide range of brain targets, 
phytomedicine may be able to treat a variety of diseases 
[7]. Oxidative stress-mediated diseases are remarkable. 
Reactive oxygen species can seriously harm tissues and 
cells during infections and a variety of degenerative con-
ditions, including cancer, aging, heart disease, and neu-
rological diseases like Alzheimer’s [15]. Despite the fact 
that our bodies have multiple antioxidant defense sys-
tems, in extreme situations we require outside assistance 
to maintain the equilibrium between reactive species 
and antioxidant systems [16]. Recently, there has been an 
increasing interest in plants that are potential sources of 
antioxidant compounds [17].

Another deadly condition, cancer is caused by several 
gene mutations that lead to uncontrolled and abnormal 
cell proliferation and the ultimate death of cells. Under-
standing the cellular growth regulation mechanism has 
helped identify drugs with particular antitumoral action 
and has also added to our understanding of carcinogen-
esis [18]. While a number of chemotherapeutic drugs 
are widely employed in contemporary clinical settings 
across the globe, efforts are still being made to discover 
novel chemopreventive medicines that can be safely and 
efficiently provided to human populations [19]. Natural 
cytotoxic agents may contribute to the treatment of can-
cer [20]. All of the therapeutic drugs that are currently 
on the market are chemically produced substances with 
good therapeutic action, but their long-term safety is still 
unknown and they have certain undesirable side effects 
[21]. So, there is a vital requirement for developing new 
therapeutic agents from an alternative source with higher 
efficiency, safety, and cost-effectiveness.

Medicinal plants are thought to be a plentiful source 
for researching potential safe, effective medications, with 
half of the drugs being natural items with commercial 
relevance [22]. Plants have been utilized as a source to 
provide humankind with medicines that have the high 
therapeutic potential to treat numerous complicated 
health disorders since ancient times [23]. Plants have 
healing properties that are widely employed in many tra-
ditional medical systems, such as Chinese, Ayurvedic, 
and Unani. Currently, scientists are drawn to investigate 

the safety and effectiveness of plants since they have 
played a significant role in the discovery and develop-
ment of contemporary medications for medical purposes. 
Bioactive phytoconstituents in plants are mainly respon-
sible for providing a specific pharmacological action on 
the biological system. With the progression of scientific 
research, researchers have been successful in detect-
ing various phytochemical compounds in medicinal 
plants that are proven to exhibit different types of physi-
ological activities [24]. About 80% of the population uses 
herbs and other traditional medicines for their primary 
healthcare [25]. Vinblastine, vincristine, morphine, digi-
toxin, quinine, cocaine, codeine, pilocarpine, paclitaxel, 
artemisinin, silymarin forskolin, nitisinone, galantamine, 
apomorphine, tiotropium, capsaicin, and cannabidiol are 
some remarkable medicinal drugs that have been devel-
oped from medicinal plants [26].

In folk medicine, other Mimosa species, such as M. 
tenuiflora, M. pudica, M. pigra, M. caesalipiniifolia, M. 
hamata, M. xanthocentra, M. invisa, M. somnians, M. 
arenosa, M. albida, and M. linguis, are used to treat con-
ditions such as rheumatoid arthritis, depression, anxi-
ety, gastrointestinal disorders, inflammation, bronchitis, 
menstrual colic, diarrhea, persistent dysentery, asthma, 
and leucoderma.

Mimosa diplotricha is a fast-growing, annual, or 
perennial leguminous woody subshrub, and scrambling 
climber with multibranched vines and commonly known 
as the giant sensitive plant, creeping sensitive plant, or 
nila grass [27]. This leguminous vine is widely distrib-
uted in areas of Africa, Nigeria, France, the Hawaiian 
Islands, northern Australia, South and Central America, 
the Pacific Islands, and South and Southeast Asia [28]. 
Alkaloids, carbohydrates, glycosides, saponins, phenols, 
flavonoids, phytosterol, proteins, lipids, and glycosides 
were discovered to be present in M. diplotricha’s quali-
tative phytochemical analysis, however tannins, gum & 
mucilages, fixed oils, volatile oil, and terpenes were not 
[29]. This plant has yielded some interesting chemicals 
recently, such as diplochalcolins A and B, diplomero 
terpenoids A-F, diplotrin A-C, and diplotasin D [30]. 
Previous research shown that the plant’s extracts have 
a number of therapeutic benefits, including antidiar-
rheal, anti-inflammatory, antioxidant, thrombolytic 
[31], anticancer [32], antinociceptive [29], insecticidal, 
and antimicrobial activity [33]. Other Mimosa species, 
including M. tenuiflora, M. pudica, M. pigra, M. caesal-
ipiniifolia, M. hamata, M. xanthocentra, M. invisa, M. 
somnians, M. arenosa, M. albida, and M. linguis, are used 
to treat conditions such as rheumatoid arthritis, depres-
sion, anxiety, gastrointestinal disorders, inflammation, 
bronchitis, menstrual colic, diarrhea, persistent dysen-
tery, asthma, and leucoderma [34]. So, present study 
aims to evaluate hypolglycemic, sedative, anxiolytic, 
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free-redical scavenging, and cytotoxicity action of 
Mimosa diplotricha.

Materials and methods
Collection and authentication of plant material
For the investigation, a plant sample of M. diplotricha 
was collected from Rangamati, a hilly area of Chittagong, 
Bangladesh on 26th January 2018. Then it was authenti-
cated by the renowned taxonomist Dr. Shaikh Bokhtiar 
Uddin, Professor, Department of Botany, University of 
Chittagong.

Plant extract preparation
The collected leaves of M. diplotricha were washed with 
distilled water and air-dried under shade at room tem-
perature. The dried leaves were pulverized with the help 
of a grinding machine and stored in an airtight container. 
The dried and finely powdered plant leaves were taken in 
a clean, round-bottomed flask and soaked in 3.5 L of pure 
methanol. The container with its contents was sealed 
with foil and kept for 15–20 days accompanying occa-
sional stirring and shaking. Whatman No.1 filter paper 
was used to filter the whole mixtures of plant extracts 
and the obtained filtrate was then concentrated using a 
rotary evaporator at low temperature and reduced pres-
sure to obtain dried crude extract. The weight of the 
extract yielded was 28 g. The following equation was used 
to calculate the percentage yield of plant extracts [35].

Solvent-solvent partitioning
Protocol designed by Kupchan and Tsou and modified by 
Wagenen et al. was used for solvent-solvent partitioning 
of methanol extracts of M. diplotricha leaves. The solvent 
used for this partitioning is chloroform, n-hexane, and 
ethyl acetate consecutively [36]. All fractions were prop-
erly dried and used for the investigation.

Qualitative phytochemical screening
The initial phytochemical screening was performed to 
assess the qualitative determination of phenols, ter-
penoids, flavonoids, saponins, tannins, phlorotannins, 
steroids, anthraquinones, alkaloids, glycosides, cardiac 
glycosides, resins, carbohydrates, proteins, fat and oil, 
and coumarin by using standard procedure [37]. The 
color intensity or the precipitate formation was used as 
an analytical response to these qualitative tests.

Experimental animals
About 20–25  g of Swiss albino mice were procured 
from the Bangladesh Council of Scientific and Industrial 
Research Laboratories (BCSIR), Chittagong. We used 
a single clean plastic cage with a metal net-structured 
frame lid to comfortably house the animals. A 12-hour 
light-dark cycle at a temperature of 25 ± 2  °C with a 

relative humidity of 60–70% was used for the adapta-
tion of mice to laboratory conditions for 14 days before 
investigation. Nutritionally, pellet diets and water ad 
libitum were provided to the mice throughout the study. 
Proper care was provided to the animals in compliance 
with the ethical guidelines of internationally accepted 
standards for using laboratory animals. All segments of 
this report adhere to the ARRIVE Guidelines for report-
ing animal research. All experiments have been examined 
and approved by the ethical committee of the University 
of Chittagong under approval no-cc98056. At the end of 
each experiment, all the mice were sacrificed by utilizing 
diethyl ether anesthesia.

Acute toxicity study
Guidelines developed by the Organization for Economic 
Co-operation and Development (OECD) were utilized 
for conducting acute toxicity studies. Each group com-
prised six Swiss albino mice and abstained from food 
overnight before the administration of the extract. Each 
group of animals received plant extracts at oral doses 
of 1000–4000  mg/kg body weight. They abstained from 
food for a further 3–4 h after the administration of plant 
extract. The mice were observed for any changes in the 
skin, mucous membrane, eye, respiration rate, fur, and 
central and autonomic nervous systems for one day. 
One-tenth of the median lethal dose (LD50) would be 
considered an effective dose and calculated using a valid 
mathematical formula [38].

Experimental design
During the evaluation of oral hypoglycemic activity, 
thirty fasted experimental animals were selected and cat-
egorized into six groups (Groups I–VI), consisting of five 
mice in each group. Group I was treated as control (1% 
Tween 80 and DMSO in saline); Group II received a stan-
dard hypoglycemic drug (glibenclamide 10  mg/kg body 
weight); and the remaining four groups received 200 mg/
kg methanol extract and its different fractions, M. diplot-
richa. We randomly selected sixty experimental animals 
and divided them into twelve groups, each containing five 
mice, for both sedation and anxiolytic activities. Group 
I (negative control) was administered 1% Tween 80 and 
DMSO in saline at 0.10  ml/10  g of body weight, and 
Group II (positive control) was utilized for the standard 
group for administering the standard drug diazepam at 
a dose of 1  mg/kg. The remaining ten groups received 
methanol extract and different fractions of methanol 
extract at doses of 400 and 200 mg/kg, respectively.

Evaluation of oral hypoglycemic activity
Oral Glucose Tolerance Test (OGTT)
The most accredited OGTT was performed to examine 
the hypoglycemic activity. All groups were administered 
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a 10% glucose solution at a dose of 2  g/kg body weight 
after 30  min of extract administration. At 30, 90, and 
120 min of glucose loading, blood samples of mice were 
taken from their tail vein. The blood sugar level was mon-
itored using a glucometer. Before treatment, every mouse 
was weighed properly, and the doses of vehicle, gliben-
clamide, and test extracts were adjusted accordingly [39].

Evaluation of CNS activities
Sedative activity
Open-field test  To evaluate the sedative action of the M. 
diplotricha extract, the method illustrated by Gupta et al. 
was followed [40]. The field is colored in black and white 
and made of small squares alternately. Then the number 
of square fields visited by mice was recorded for 3  min 
at 0, 30, 60, 90, and 120 min of the experimental phase. 
Before any treatment, the weight of each mouse was taken 
properly, and the number of test samples and controls 
were fitted carefully.

Hole-crossed test
This test is usually performed to analyze the locomotor 
and exploratory functions of the extract. The test was 
done following the process defined by Takagi. The hole 
cross apparatus has a size of 30  cm×20  cm×14  cm sur-
rounded by wooden walls and it has no rooftop. The 
number of movements on the hole board made by mice 
was recorded for 3  min at 0, 30, 60, 90, and 120  min 
intervals respectively [41].

Anxiolytic activity
Hole-board test
The hole board technique is a commonly used predic-
tive tool for determining anxiety levels. This test mea-
sures the frequency with which the head dips through 
holes in a wooden board. The wooden board measures 
20 cm by 40 cm long, with 16 equally aligned holes in it. 
The tendency to dip the head of the test animal into the 
hole is taken as a natural and anxiety-free behavior. Their 
administration was done 30  min before commencing 
the experiment. Then how many times and how long the 
mice poked their heads through the holes were counted 
and noted for a 5-minute observation period [42].

Elevated Plus Maze (EPM) test
The EPM apparatus is composed of two open arms 
(30 × 5 cm, encircled by a 0.25-cm high border) and two 
closed arms (30 × 5  cm, enclosed by 25  cm high walls), 
with two pairs of identical platforms emerging from a 
central platform (5 × 5  cm), positioned oppositely. After 
one hour of post-treatments, we placed each animal from 
each group on the central platform of the maze, facing 
one of the open arms, and allowed them to move freely. 

The duration of each session was 5 min, during which we 
recorded the number of animals that entered open and 
closed arms and the amount of time they spent there 
[43].

In vitro evaluation of antioxidant activity
Superoxide scavenging activity by alkaline DMSO method
We assessed the superoxide scavenging capacity of 
the crude extract of M. diplotricha using Pandey’s [44] 
alkaline DMSO technique. In this experiment, the con-
centration of oxygen extracted in DMSO correlates to 
the concentration of superoxide radicals in the alkaline 
DMSO solution. In summary, the non-enzymatic reac-
tion mechanism produced this superoxide radical. The 
test samples were prepared by adding 0.3  ml of extract 
solutions (concentrations of 50, 100, 200, 400, and 
800  µg/mL) in 0.1  ml of NBT solution (1  mg/ml) and 
finally by adding 1 ml of alkaline dimethyl sulfoxide (1 ml 
DMSO with 0.1  ml water and 5 mM NaOH) to make a 
final volume of 1.4 ml. Standard solutions (positive con-
trol) of different concentrations (five, ten, twenty, forty, 
eighty µg/ml) were also prepared, and curcumin was used 
as a standard in this assay. Negative control was made by 
adding 300 ml of plain DMSO to 0.1 ml of Nitroblue Tet-
razolium (NBT) solution (1  mg/ml solution in dimethyl 
sulfoxide) and 1 ml of alkaline dimethyl sulfoxide (1 ml of 
DMSO with 5 mM sodium-hydroxide in 0.1 ml of water). 
The absorbance of all the controls and experimental test 
solutions was measured at 560  nm using DMSO as a 
blank. At 560 nm, antioxidants with low absorbance indi-
cate that the generated superoxide is consumed [45]. The 
extract concentration that provided 50% inhibition (IC50) 
was obtained by plotting the inhibition percentage versus 
the extract concentration on a graph.

Ferric-reducing effect assay
The reducing capacity of M. diplotricha methanol extract 
was measured using the modified Sanja method [46]. 
The yellow-colored test solution transforms to different 
shades of green and blue in this procedure, reflecting the 
sample’s reduction capacity. Ascorbic acid of different 
concentrations (250,200, 150, 100, 50  µg/mL) was used 
in this assay as positive control or standard. In phosphate 
buffer saline (pH = 6.6), test samples were made at 27.5, 
55, 110, 220, and 440 µg/ml concentrations. 2.5 ml potas-
sium ferricyanide (1%), was combined with the standard 
and sample, respectively. This reaction mixture was incu-
bated at 50 °C for 20 min. After incubation, the reaction 
liquid was cooled and 2.5  ml trichloroacetic acid (10%) 
was added and thoroughly mixed. This mixture was cen-
trifuged for 10  min at 3000  rpm. The supernatant was 
collected and 2.5 mL of it was added to 2.5 ml of distilled 
water. Now, 1 mL of 0.1% ferric chloride was added to 
this reaction mixture and incubated at room temperature 
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for 10 min. The blank solution comprised the same solu-
tion mixture without plant extract or standard and it 
was incubated under the same conditions as the rest of 
the sample solution. Finally, the absorbance of blank, 
standard, and samples was measured at 700 nm. Higher 
reaction mixture absorbance indicated higher reducing 
power [38, 44, 47].

In vitro evaluation of cytotoxic activity by brine shrimp 
lethality bioassay
Preparation of seawater
About 38 gm of sea salt (pure NaCl) was weighed, dis-
solved in one liter of distilled water, and filtered off to get 
a clear solution. For adjustment of pH, 1 N NaOH solu-
tion was used and pH was set at 8.0 [48].

Hatching of brine shrimps
The test organism was brine shrimp eggs (Artemia salina 
leach), acquired from pet shops in Chittagong. We added 
the shrimp eggs to the seawater in a small tank. After 
48 h of hatching, the eggs would mature as nauplii. The 
oxygen pump continuously supplied oxygen during 
the hatching time. The light (phototaxis) attracted the 
hatched shrimps, leading to the removal of nauplii free 
of eggshells from the lit section of the tank. We removed 
the nauplii from the fish tank using a pipette.

Study design
About 100 µl of DMSO in 5 ml seawater (negative con-
trol), 5 ml of each plant extract solution (test samples) of 
different concentrations (1000, 800, 500, 300, 100 µg/ml) 
in 5 ml seawater, and 5 ml of vincristine sulfate solution 
(positive control or standard) of different concentrations 
(10, 5, 2, 0.5, 0.25, 0.125  µg/ml) in 5  ml sea water were 
taken in different glass vials, and then 10 living nauplii 
were added to each of the experimental and control glass 

vials. After 24  h, the vials were inspected using a mag-
nifying glass, and the number of survival nauplii in each 
test tube was counted and recorded. Using this informa-
tion, the percent (%) of mortality of brine shrimp nauplii 
was computed for each concentration of the sample. The 
straight-line equation of the graph was used to compute 
the LC50 (median lethal concentration) of all test samples 
[49, 50].

Statistical analysis
All results are expressed as mean ± standard error of the 
mean (SEM). All statistical analyses were performed by 
one-way ANOVA Dunnett’s t-test where #P < 0.05 was 
regarded as statistically significant. In addition, all data 
were analyzed using SPSS software (Version: 20, IBM 
Corporation, New York, USA). LC50 and IC50 values 
were estimated by linear regression equations through 
the usage of Microsoft Excel 2007 (Microsoft, Redmond, 
Washington, USA).

Results
Qualitative phytochemical screening
The current study aimed to ascertain the qualitative 
existence or lack of preliminary phytochemicals in the 
examined extracts, revealing the existence of multiple 
phytochemicals in the extracts, as illustrated in Table 1.

Acute toxicity study
Any abnormalities, including convulsions, reduced motor 
activity, diarrhea, restlessness, coma, and lacrimation, 
were not observed at the experimental doses of the inves-
tigated extracts. At the experimental doses, no mice were 
killed. Therefore, we investigated the LD50 to be greater 
than 400 mg/kg.

Evaluation of oral hypoglycemic activity
Oral Glucose Tolerance Test (OGTT)
After 30  min of a glucose load, the glucose level was 
remarkably elevated as compared to the control. Then, 
after 90  min of a glucose load, all four test samples—
MDME, MDCF, MDPE, and MDNH—showed a reduc-
tion in blood glucose level compared to a 30-minute 
glucose load, respectively. For the first session of the 
experimental period, 30  min after glucose load, MDME 
and MDCF exhibited prominent (##p < 0.01) antihypergly-
cemic activity after 90 min of the test interval (Table 2).

Evaluation of CNS activities
Sedative activity
Open-field test  During this test, the squares visited by 
the test animals from different test groups decreased over 
the course of two hours. This indicates the sedative effect 
(e.g., reduction in spontaneous motor activity, exploratory 
behavior, and motor coordination), as shown in Fig. 1. The 

Table 1  Qualitative analysis of the phytochemicals of methanol 
extract of M. diplotricha
Chemical Constituent Results
Alkaloids
Carbohydrates
Glycosides
Saponins
Tannins
Phenols
Gum and Mucilages
Flavonoids
Fixed oils and Fats
Terpenes
Phytosterols
Lipids
Volatile oil
Proteins and amino acids

+++
+++
+
+++
-
++
-
++
-
-
+++
+
-
+

Bioavailability indicator ‘+++’indicates high concentration; ‘++’ indicates 
moderate concentration; ‘+’ indicates mild concentration, and ‘- ‘indicates 
absence of phytochemicals
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fractions MDME (p < 0.05; p < 0.01) and MDNH (p < 0.01; 
p < 0.001) showed significant sedative effects at doses of 
200 and 400 mg/kg, respectively.

Hole-cross test  As shown in Fig.  2, the hole cross test 
revealed decreased locomotor activity in MDME, MDPE, 
MDCF, and MDNH as the test animals showed less move-
ment to cross chambers throughout the 2-hour study 
period. The number of crossings between the chambers 

was higher during the pre-treatment session. MDNH 
showed a significant (p < 0.001) decreased locomotor 
action or sedative effect in comparison to other test sam-
ples.

Anxiolytic activity
Elevated Plus Maze (EPM) test
Compared to the standard, the extracts of M. diplotri-
cha significantly affected the number of entries in both 
the open-arms and closed-arms models. Almost all the 

Table 2  Oral hypoglycemic activity of methanol extract of M. diplotricha and its different fractions
Animal Group Dose

(mg/kg)
Mean ± SEM

0 min 30 min 90 min 120 min
Control
(Normal Saline)

6.64 ± 0.44 14.08 ± 1.20
(+ 112.05)a

8.98 ± 0.90
(-36.22)b

6.76 ± 0.33
(-51.99)b

Standard (Glibenclamide) 10 5.82 ± 0.32 10.06 ± 0.72##

(+ 72.85)a
4.60 ± 0.20###

(-54.27)b
4.18 ± 0.24###

(-58.45)b

MDME 200 6.76 ± 0.41 10.90 ± 0.46#

(+ 61.24)a
7.24 ± 0.42##

(-33.58)b
6.66 ± 0.31
(-38.90)b

MDCF 200 6.30 ± 0.40 10.42 ± 0.67##

(+ 65.40)a
6.26 ± 0.62##

(-39.92)b
5.92 ± 0.27
(-43.19)b

MDPE 200 5.90 ± 0.25 11.5 ± 0.46
(+ 94.92)a

5.94 ± 0.26##

(-48.35) b
5.82 ± 0.26
(-49.39)b

MDNH 200 6.16 ± 0.18 12.44 ± 0.36
(+ 101.95)a

6.42 ± 0.34##

(-48.39)b
6.54 ± 0.28
(-47.43)b

Figures in parentheses are the % increase (+) or decrease of glucose level; a = compared to the glucose at zero-time, b = compared to the glucose level at 30 min 
after the glucose load, MDME = Methanol extract of Mimosa Diplotricha, MDCF = Chloroform soluble fraction, MDPE = Petroleum ether fraction, MDNH = n-hexane 
soluble fraction. Each value represents the mean ± SEM (n = 5). One-way ANOVA followed by Dunnett’s t-test after analysis. #p < 0.05, ##p < 0.01, ###p < 0.001 compared 
to control

Fig. 1  Effect of M. diplotricha on Open-field test session. All values are expressed as mean ± SEM (n = 5). One-way ANOVA followed by Dunnett’s test. 
#p < 0.05, ##p < 0.01, ###p < 0.001 significant compared to control. MDME = Methanol extract of M. Diplotricha, MDCF = Chloroform soluble fraction, 
MDPE = Petroleum ether fraction, MDNH = n-hexane soluble fraction
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fractions provoked test animals to stay in the open arm as 
well as increased numbering entries into the open arm at 
doses of 200 and 400 mg/kg, respectively. They depicted 
a significant anxiolytic effect compared to the control. 
Table 3 tabulated all the test results.

Hole-board test
In this test session, the number of head-dippings 
increased in all test groups in comparison to the con-
trol group. Among them, the result produced by MDME 
extract was statistically significant at a dose of 400 mg/kg. 
Figure 3 displays all the data sets.

In vitro evaluation of antioxidant activity
Superoxide scavenging assay by alkaline DMSO method
The results shown in Table  4 revealed that among the 
five different concentrations (5, 10, 20, 40, and 80 µg/ml), 
curcumin showed the highest scavenging activity, which 
was 96.66% at 80 µg/mL. At a concentration of 800 µg/
mL, the ME (methanol extract) of M. diplotricha leaf 
showed the best scavenging activity at 69.57%. Methanol 

Table 3  Effect of M. Diplotricha on elevated plus maze (EPM) test 
session
Group (Mean ± SEM)

Open arm Closed arm

Time spent 
(sec)

Number of 
entries

Time spent 
(sec)

Number 
of entries

Control 9.40 ± 3.20 1.6 ± 0.60 257.60 ± 13.59 16.80 ± 2.82
Standard 211.4 ± 13.00a 10.4 ± 1.99a 57.20 ± 10.8a 6.40 ± 1.57a

MDME200 242.80 ± 15.60a 15.00 ± 2.88a 19.6 ± 4.85a 4.00 ± 1.00a

MDME400 180.00 ± 17.11a 16.20 ± 2.92a 47.80 ± 5.17a 6.20 ± 0.66a

MDPE200 272.60 ± 4.13a 17.20 ± 1.65a 16.80 ± 3.50a 2.2 ± 0.58a

MDPE400 245.40 ± 9.21a 13.4 ± 1.43a 31.8 ± 7.05a 4.2 ± 0.86a

MDCF200 234.00 ± 11.69a 11.80 ± 1.50a 22.6 ± 8.48a 3.20 ± 1.28a

MDCF400 222.4 ± 10.26a 13.20 ± 1.65a 36.00 ± 5.32a 4.40 ± 0.93a

MDNH200 243.6 ± 10.66a 18.00 ± 1.14a 27.60 ± 4.47a 3.40 ± 0.5a

MDNH400 254.8 ± 8.72a 11.4 ± 2.06a 24.20 ± 8.21a 2.80 ± 0.86a

MDME = Methanol extract of M. Diplotricha, MDCF = Chloroform soluble 
fraction, MDPE = Petroleum ether fraction, MDNH = n-hexane soluble fraction. 
All values are expressed as mean ± SEM (n = 5). One-way ANOVA followed by 
Dunnett’s test. #p < 0.05, ##p < 0.01, ###p < 0.001 compared to control. Here, 
a = test groups are statistically significant

Fig. 2  Effect of M. Diplotricha on Hole-crossed test session. All values are expressed as mean ± SEM (n = 5). One-way ANOVA followed by Dunnett’s test. 
#p < 0.05, ##p < 0.01, ###p < 0.001 compared to control. MDME = Methanol extract of M. Diplotricha, MDCF = Chloroform soluble fraction, MDPE = Petroleum 
ether fraction, MDNH = n-hexane soluble fraction
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extract showed an even lower IC50 value (211.39  µg/
mL) than that of the reference antioxidant curcumin 
(0.0000127  µg/mL). The value of the IC50 of methanol 
extract is also very promising because the cutoff value of 
the IC50 is 1000 µg/mL.

Ferric-reducing effect assay
At a concentration of 440  g/mL, we obtained the 
methanol extract with the maximum reducing capac-
ity (77.36%). On the other hand, ascorbic acid showed a 
maximum reducing capacity of 88.68% at a concentration 

of 250 g/mL. The IC50 values for ascorbic acid and meth-
anol extract were 74.49  g/mL and 96.64  g/mL, respec-
tively. Table 5 displays all these results.

In vitro evaluation of cytotoxic activity by Brine shrimp 
lethality bioassay
We tested the crude MDME extract and its various solu-
ble fractions of M. diplotricha for cytotoxic activities on 
brine shrimp nauplii, as shown in Table 6. The standard 
vincristine sulfate showed an LC50 value of 0.622 (µg/
ml), which is highly significant compared to the control. 
The crude methanol extract, MDME, MDPE, MDCF, and 

Table 4  Superoxide scavenging (%) activity of methanol extract 
of M. Diplotricha
Samples Concen-

tration (µg 
/ml)

Mean ± SEM % of su-
peroxide 
scaveng-
ing activity

IC50 (µg/
ml)

MDME 800 0.276 ± 0.008### 69.57 211.39
400 0.204 ± 0.004### 58.82
200 0.162 ± 0.008### 48.15
100 0.133 ± 0.012# 36.84
50 0.125 ± 0.010 32.80

Standard
(Curcumin)

80 2.515 ± 0.010### 96.66 0.0000127
40 1.799 ± 0.016### 95.33
20 1.565 ± 0.020### 94.63
10 1.318 ± 0.014### 93.63
5 0.644 ± 0.011### 86.96

Control - 0.084 ± 0.003
Data are shown as mean ± SEM for triplicate. Data were analyzed by one-
way ANOVA followed by Tukey’s post hoc test for multiple comparisons. 
MDME = Methanol extract of M. Diplotricha

Table 5  Ferric reducing effect assay of methanol extract of M. 
diplotricha
Samples Concentra-

tion
(µg/ml)

Mean ± SEM % increase 
of reducing 
power

IC50
(µg/
ml)

MDME 440 0.094 ± 0.00709*** 77.36 96.64
220 0.087 ± 0.00306** 64.15
110 0.083 ± 0.00611** 56.60
55 0.075 ± 0.00306 41.51
27.50 0.065 ± 0.00666 22.64

Standard
(Ascorbic 
acid)

250 0.100 ± 0.00586*** 88.68 74.49
200 0.094 ± 0.00361*** 77.36
150 0.089 ± 0.00404** 67.92
100 0.082 ± 0.00404** 54.72
50 0.075 ± 0.00624 41.51

Control - 0.53 ± 0.00603
Data are shown as mean ± SEM for triplicate. Data were analyzed by one-
way ANOVA followed by Tukey’s post hoc test for multiple comparisons. 
MDME = Methanol extract of M. Diplotricha

Fig. 3  Effect of M. Diplotricha on hole-board test session. All values are expressed as mean ± SEM (n = 5). One-way ANOVA followed by Dunnett’s test. 
#p < 0.05, ##p < 0.01, ###p < 0.001 compared to control. MDME = Methanol extract of M. Diplotricha, MDCF = Chloroform soluble fraction, MDPE = Petroleum 
ether fraction, MDNH = n-hexane soluble fraction
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MDNH fractions had LC50 values of 36.73 g/ml, 14.27 g/
ml, 5.41  g/ml, 1.52  g/ml, and 12.47  g/ml, respectively. 
Among the test samples, MDCF displayed significant 
cytotoxicity with the lowest LC50 value of 1.52 (µg/ml).

Discussion
In this study, we conducted phytochemical screening and 
examined the in vivo and in vitro pharmacological activi-
ties of M. diplotricha leaves. Qualitative phytochemical 
analysis exhibited that crude methanol extract from the 
leaves of M. diplotricha contains different phytochemi-
cals that predict biological and therapeutic activities. 
Therefore, we expected this species to have numerous 
medicinal uses. The present investigation of this plant 
revealed that the methanol and fractionated extracts 
possess considerable hypoglycemic, sedative, anxiolytic, 
antioxidant, and cytotoxic properties in different experi-
ment models.

The oral hypoglycemic activity was done by the oral 
glucose tolerance test (OGTT), a physiological method 
to induce diabetes mellitus. Numerous epidemiological 
studies and clinical trials suggest that hyperglycemia is 
considered the principal reason for diabetic complica-
tions [51]. Hence, sustained reduction in hyperglycemia 
or fruitful control of glucose is the vital function in pre-
venting or reversing the disease. Therefore, we selected 
the glucose-loaded hyperglycemic model to assess the 
antihyperglycemic effects of M. diplotricha plant extracts 
[52].

This test artificially raised the blood glucose level with-
out harming the pancreas. It is a widely used technique to 
evaluate the hypoglycemic activity of plant products [53]. 
In vitro OGTT test revealed that the MDME and MDCF 
fractions exhibited a significant reduction in blood glu-
cose levels after 30  min of oral administration. In addi-
tion, M. diplotricha leaf extract displayed the presence of 
bioactive components such as tannin, alkaloid, saponin, 
phenol, flavonoid, and cardiac glycosides, implying that 
the blood glucose-lowering activity of the crude extract 
is possible due to the presence of these phytochemicals. 
Phytoconstituents like flavonoids and tannins induce 
insulin release from pancreatic beta cells [54]. Plant-
derived phytochemicals influence glucose metabolism by 

increasing insulin secretion and action, decreasing glu-
coneogenesis, increasing glucose transporter expression 
and translocation, elevating pancreatic cell proliferation, 
inhibiting alpha-glucosidase and amylase, protecting 
pancreatic beta cells from oxidative stress and inflamma-
tion, and inhibiting apoptosis [55–57].

To observe the locomotion and exploration activi-
ties, the open field method and hole cross-test sessions 
were used, respectively. In open-field test sessions, the 
MDME and MDNH demonstrated reduced frequency 
and amplitude of mouse movements, while the MDNH 
demonstrated reduced exploration during hole cross-test 
sessions. These studies’ findings demonstrated that the 
extract decreased locomotor activity, supporting its CNS 
depressive effects. These changes in spontaneous motor 
activity, which is a measure of the CNS’s level of excit-
ability, may be due to the plant extract’s CNS-depressant 
effects [58]. Reduced peripheral and central locomotion 
counts support the fact that mice’s motor activity has 
decreased. The conventional medication diazepam exhib-
its CNS depressive activity by activating ligand-gated 
chloride-selective ion channels triggered by GABA to 
block neurotransmitter release. Flavonoids abound in the 
leaves of M. diplotricha. Flavonoids that increase GABA 
can have a sedative effect, followed by a depressive effect 
[59]. The experiment’s findings and reports of being high 
in flavonoids imply that they may involve GABA (the 
brain’s GABA type A) activation and inhibition of neu-
rotransmitter release.

To determine the anxiolytic effects, we used two ani-
mal models, namely, the elevated plus maze test and the 
hole board test. The Elevated Plus Maze (EPM) method 
is utilized as a reliable tool in determining the selective 
anxiolytic effect of the drug. It is mainly based on the 
observation that rodents consistently stay more in the 
closed arms when placed in mazes with both open and 
closed arms, and that exposing animals to an elevated 
maze alley triggers an approach-avoidance conflict [60, 
61]. Here, the open arm is considered to be more aversive 
for experimental animals. So, any anxiolytic agent that 
can stimulate rodents to stay in open-arm exploration 
is beneficial [62]. In our study, the mice treated with the 
crude methanol extract of M. diplotricha leaves and its 
different fractions demonstrated a reduction in anxiety-
like behavior by provoking mice into open arms. Simi-
larly, the hole board test helps to measure the exploratory 
responses and multiple dimensions of the unconditioned 
behavior of a rodent in an obscure setting [63]. In this 
test, an increase in head-dipping actions may indicate 
an anxiolytic-like mood [64], while the indecision to visit 
the hole indicates a positive sign of anxiety [65]. On the 
contrary, our present plant extract produced consider-
able exploratory behavior in rodents exposed to hole 
poking aptitude by the higher number of head dippings. 

Table 6  A brief overview of the cytotoxic activity of M. 
diplotricha extracts
Samples Equation R2 LC50 (µg/ml)
Vincristine sulfate y = 41.927x + 58.644 0.925 0.622
MDME y = 37.12x − 8.094 0.9521 36.73
MDPE y = 25.473x + 20.593 0.7649 14.27
MDCF y = 18.264x + 46.681 0.922 1.52
MDNH y = 28.04x + 19.27 0.8185 12.47
MDME = Methanol extract of M. Diplotricha, MDCF = Chloroform soluble 
fraction, MDPE = Petroleum ether fraction, MDNH = n-hexane soluble fraction
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Similarly, the positive control, diazepam, also exhib-
ited an increase in head dipping when compared to the 
control.

The superoxide scavenging assay method was uti-
lized for examining the antioxidant properties. This test 
looked at the extract’s potential to scavenge the super-
oxide radical that was produced by the NaOH-alkaline 
DMSO-NBT system, which led to the creation of the 
blue formazan [66]. The produced superoxide is stable in 
solution at normal temperatures, converting nitro-blue 
tetrazolium to formazan color. A red dye called forma-
zan cannot develop without the assistance of a super-
oxide scavenger that may react. The extract’s IC50 value 
demonstrated how it inhibited formazan formation. Both 
curcumin and M. diplotricha extracts demonstrated 
dose-dependent superoxide scavenging efficacy. Here, 
the plant extract’s IC50 value remained below the stan-
dard substance curcumin, indicating that the crude plant 
extract had a significant superoxide scavenging effect 
compared to the standard. In this case, M. diplotricha 
leaf extract can stop the superoxide radical from work-
ing without using an enzyme. The superoxide radical is 
a source of many ROS and damages many parts of cells. 
This is true even though the enzyme superoxide dis-
mutase can help break down the superoxide radical [67]. 
In addition, the study of phytochemicals showed that 
the plant extract contains saponins, tannins, flavonoids, 
and terpenes, all of which can help with its scaveng-
ing effect [68–70]. Any compound’s reducing capacity, a 
good indicator of antioxidant properties, can also deter-
mine its antioxidant potential. Therefore, a ferric oxide 
effect assay was used to identify the scavenging activity of 
crude plant extract. Both M. diplotricha methanol extract 
and ascorbic acid had high scavenging activity, indicat-
ing that high absorbance indicates high reducing power. 
The crude plant extract’s reducing power increased as its 
concentration increased. The abundance of reductants in 
the samples, such as antioxidants, leads to the reduction 
of the Fe3+/ferricicyanide complex to the ferrous form 
[71]. The methanol extract, along with the standard drug 
ascorbic acid, showed their highest reducing capacity at 
concentrations of 440 µg/mL and 250 µg/mL. We found 
the IC50 values of ascorbic acid and methanol extract 
to be 74.49  g/mL and 96.64  g/mL, respectively. In our 
study, the extract’s reducing power was lower than that of 
ascorbic acid, but the extract’s IC50 value was very close 
to that of ascorbic acid, indicating that M. diplotricha has 
statistically significant reducing power.

To determine the cytotoxicity, an in vitro brine shrimp 
lethality bioassay was used. The assay involves the set-
tling of shrimp larvae into a crude plant extract in saline 
solution, followed by the evaluation of lethality after a 
24-hour testing period. Furthermore, this technique is a 
relatively cost-effective and feasible study design, making 

it an ideal benchtop tool for ethnopharmacology labora-
tories [72].

In this test, the positive control, when contrasted to the 
negative control, was fatal, with a very low LC50 value, 
resulting in considerable shrimp mortality. The lower the 
LC50 values, the more hazardous the drug will be, and 
vice versa. However, different dose levels in the present 
test samples caused varying degrees of mortality in Arte-
mia salina. Here, the chloroform fraction of the metha-
nol extract has significant cytotoxicity compared to the 
positive control. Preliminary phytochemical screening 
revealed the presence of flavonoids, alkaloids, glycosides, 
saponins, and phytosterols in the extracts, potentially 
contributing to their cytotoxic properties [50]. Flavo-
noids cause cytotoxicity by increasing the generation of 
cellular ROS [73]. Saponins cause cancer cells to die [74]. 
Previous research has revealed that alkaloids can inhibit 
the proliferation of various cancer cells [50, 75, 76].

Conclusion
The current investigation discovered that distinct 
extracts of M. diplotricha leaves possess a variety of phy-
tochemicals, including the highest presence of alkaloids, 
flavonoids, tannins, and saponins, and evaluated signifi-
cant hypoglycemia, sedative, anxiolytic, antioxidant, and 
cytotoxic properties. It has the potential to significantly 
contribute to medicinal chemistry and drug discovery 
research. However, we need to conduct further advanced 
research and analytics on this medicinal plant to deter-
mine its precise ethnomedicinal effect.

Limitation of the study
The phytochemical screening of M. diplotricha leaves 
provided a preliminary identification of phytochemicals 
related to pharmacological activities. The absence of a 
precise, structurally confirmed compound analysis hin-
dered the progress of our fundamental research.
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