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Abstract
The present study was designed to investigate different phytochemical groups present in ethanolic extract of Argemone 
mexicana aerial parts (EAMA) as well as to assess the analgesic, antidiarrheal, antibacterial, anthelmintic and cytotoxic 
activities of EAMA. Moreover, peripheral and central analgesic activities were evaluated by acetic acid-induced writhing 
test, formalin-induced paw licking test, tail immersion test and hot plate test. In vivo castor oil-induced diarrheal model 
and magnesium sulphate induced diarrheal model in mice were utilized for the assessment of antidiarrheal activity. Again, 
antibacterial activity was evaluated using disc diffusion assay. Anthelmintic activity was carried out on Paramphistomum 
cervi (Trematoda). Cytotoxic activity was assessed through brine shrimp lethality bioassay. The extract demonstrated the 
presence of alkaloids, flavonoids, phenolic compounds, tannins, glycosides and gums in phytochemical screening. In case 
of acetic acid-induced writhing and formalin induced paw licking test, both lower and higher doses of EAMA showed sig-
nificant percentage inhibition of writhing as well as paw licking respectively (*P < 0.05, vs. control). EAMA at the doses of 
200 mg/kg and 400 mg/kg revealed significant latency response (*P < 0.05, vs. control) in delayed phase in both tail immer-
sion as well as hot plate test. Moreover, significant percentage inhibition (*P < 0.05, vs. control) of diarrhea was exposed 
by both doses of EAMA in in vivo diarrheal models. In disc diffusion assay, EAMA showed antibacterial activities against 
both gram positive and gram negative bacterial strains. Again, the extract exhibited anthelmintic and cytotoxic activity in 
a dose dependent manner.
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Introduction

Exploration of new drugs having maximum therapeutic 
effects as well as minimal side effects is a keen interest of the 
researchers. The most promising origin of lead compounds 
are medicinal plants that plays a vital role in the discovery 
of noble drugs. The medicinal plants derived bioactive com-
pounds are considered as the raw materials for the discovery 
of new drugs (Hasan et al. 2017). Various phytochemical 
groups including flavonoids, tannins, volatile oils, alka-
loids, glycosides, etc., possess potential pharmacological 
activities which are obtained from medicinal plants (Islam 

et al. 2013). Nociception or pain refers to the unpleasant 
emotional as well as sensory events associated with tissue 
damage which is either definite or probable. The mechani-
cal, thermal, chemical instigations as well as presence of 
pathological procedure including inflammation, nerve dam-
age, muscle spasm and tumor are responsible for tissue dam-
age. (Moushome et al. 2016). At present, analgesic drugs 
namely corticosteroids (e.g., hydrocortisone), narcotics (e.g., 
opioids) and non-narcotics (e.g., salicylates) are prescribed 
for the alleviation of pain as well as inflammatory condi-
tion (Ganguly et al. 2016). Most of the opioid analgesics 
primarily exert their action through MORs (Gi/o-coupled 
receptors). The presence of DORs, MORs along with KORs 
(δ-, μ-, and κ-opioid receptors respectively) at the peripheral, 
spinal as well as supraspinal levels play significant role for 
the termination of pain. The activation of these receptors 
causes potential analgesic effect. The unwanted side effects 
of traditional opioid drugs are mainly initiated by the MOR 
receptor. For the eradication of these undesirable side effects 

 * Kishore Kumar Sarkar 
 kk.sarkar@just.edu.bd

1 Department of Pharmacy, Jessore University of Science 
and Technology, Jessore 7408, Bangladesh

2 Pharmacy Discipline, Life Science School, Khulna 
University, Khulna 9208, Bangladesh

http://crossmark.crossref.org/dialog/?doi=10.1007/s13596-018-0357-3&domain=pdf


92 K. K. Sarkar et al.

1 3

researchers are looking for novel analgesics with their con-
stant effort and it has been a burning issue in the treatment of 
pain (Carneiro et al. 2017). Diarrheal disease has been a pri-
mary problem in health care among the children particularly 
in the developing countries that is the prominent cause of 
morbidity as well as mortality. In human, diarrhea is mainly 
caused by Escherichia coli, Shigella flexneri, Staphylococ-
cus aureus, and Salmonella typhi. Humans also suffer from 
diarrhea and the causative agent is Candida albicans (Umer 
et al. 2013). Not only for the treatment but also for the man-
agement of diarrhea, a program on diarrhea disease control 
has been founded by the World Health Organization (WHO) 
which deals with the practice of traditional medicine accom-
panied by health education as well as prevention approaches 
and is established on herbal products. So, in Bangladesh, a 
developing country, where enormous people involving chil-
dren are suffering from diarrhea, the prime interest of the 
researcher is to explore medicinal plants having antidiarrheal 
activities (Hasan et al. 2017). Drug resistance of the micro-
organisms towards the available antimicrobials has been the 
prime cause for the successive enhancement of outbreak of 
the infectious disease along with complications originated 
from microorganisms. From the late 20th century, one of 
the key difficulties of humanity is the antibiotic resistance. 
The necessity of new antimicrobials has horribly magni-
fied due to their combating power of the resistant microbes. 
The quick resistance of the antimicrobials has made the 
traditional approaches unsuccessful to search new drugs. 
Therefore, discovery of antimicrobial compounds through 
new approaches is a demand of time and medicinal plants 
may be the most potential sources among all of the natural 
sources. Antimicrobial activity is exerted by the secondary 
metabolites obtained from the plant (Ginovyan et al. 2017). 
The mechanism by which plant derived compounds exhibit 
antimicrobial activity is different from currently used anti-
biotics and hence may be clinically significant in the treat-
ment of resistant microbial strains. (Rafshanjani et al. 2014). 
Helminthes are considered to the key problem to the pro-
duction of livestock all over the tropics. Helminthes causes 
the diseases; naturally most of them are either chronic or 
debilitating. Moreover, helminthes exposes higher degree 
of mobidity rate and economic and social deprivation than 
any individual class of parasites among the humans as well 
as animals. Various species of stomach as well as intestinal 
worms comprising of mixed infection cause parasitic gas-
troenteritis which lead to weakness, reduced weight gain, 
loss appetite, decreased productivity and decreased feed 
efficiency (Balamurugan and Selvarajan 2009). Moreover, 
it has been proposed to screen medicinal plants having 
anthelmintic activity due to enhancement of problems asso-
ciated with resistance in helminthes towards anthelmintic 
(Lateef et al. 2003). The detection of bioactive compounds 
can be confirmed in the plant extracts by using brine shrimp 

lethality bioassay. According to National Cancer Institute 
(NCI, USA), there is a significant correlation between 
in vitro growth inhibition of solid tumor cell lines in human 
with brine shrimp bioassay because it is regarded as a pre-
screening tool for the research of antitumor drugs (Rafshan-
jani et al. 2014).

Argemone mexicana, belonging to the family papaverace 
possesses prickly stems along with leaves and capsules (Apu 
et al. 2012). It is medium in size with a height of 60–90 cm 
containing yellow latex. The leaves are not only simple but 
also spiny as well as sessile. Moreover, flowers are large and 
bright yellow whereas fruits are prickly capsules (Jain et al. 
2012). In Mexico, this medicinal plant is usually known as 
‘Mexican Poppy’ in the rural areas (Apu et al. 2012). It is 
widely distributed in the United States, Ethiopia, India and 
Bangladesh (Prabhakaran et al. 2016). Various isoquinoline 
alkaloids and phenolic compounds have been isolated from 
this plant such as cheilanthifoline, thalifoline, scoulerine, 
berberine, muramine, coptisine, stylopine, cryptopine, 
sanguinarine, protopine and argemexitin, 5,7-dihydroxy-
chromone-7-neohesperidoside(I), eriodictyol respectively 
(Dash and Murthy 2011; Jaliwala et al. 2011). Generally the 
plant is well known for many traditional uses. It is used as 
analgesic, diuretic, anti-inflammatory, antibacterial, antima-
larial, antispasmodic, sedative, narcotic, purgative, an anti-
dote to various poisons and also effective against worms, 
itching, various skin diseases (Dash and Murthy 2011; Apu 
et al. 2012). Seeds are beneficial for the treatment of asthma 
and cough (Bhalke et al. 2009). The milky and fresh yellow 
seed extract having protein dissolving substances have been 
found to be useful for the treatment of cutaneous infections, 
jaundice, skin diseases, cold sores, itches, warts and dropsy 
(Singh et al. 2009). The roots are effective in helminthia-
sis. Traditionally leaves of A. mexicana are known as anti-
asthamatic (Bhalke et al. 2009). Reviewing the literature 
of this plant it was found that different parts of the plant 
revealed some pharmacological activities including anal-
gesic, anti-cancer, anti-fungal, anthelmintic, anti-oxidant, 
anti-inflammatory, anti-microbial, anti-mutagenic, anxio-
lytic, cytotoxicity, hypoglycaemic, neuropharmacological 
and thrombolytic activities (Apu et al. 2012; Jain et al. 2012; 
Jaliwala et al. 2011; Sourabie et al. 2012; Araujo et al. 2015; 
More and Kharat 2016; Martinez et al. 2016; Duhan et al. 
2011; Rout et al. 2011; Anarthe and Chaudhari 2011).

So the current study was carried out to identify phyto-
chemical groups as well as to evaluate analgesic, antidiar-
rheal, antibacterial, anthelmintic and cytotoxic activities 
of the ethanolic extract of A. mexicana Linn. aerial parts 
(EAMA).
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Materials and methods

Chemicals and reagents

Acetic acid, formalin, ethanol, dimethyl Sulfoxide 
(DMSO) and magnesium sulphate were obtained from 
Merck, Germany. Castor oil and Tween-80 were provided 
by Loba Chemie Pvt Ltd., India. Moreover, standard drug 
diclofenac sodium, Loperamide HCl and Albendazole 
were purchased from Bangladeshi Manufacturer namely 
Square Pharmaceuticals Ltd. Tramadol and vincristine 
sulphate were obtained from Acme Laboratories Ltd. and 
Beacon Pharmaceuticals Ltd., Bangladesh respectively. 
The solvents used in the experiments were of analytical 
grade.

Experimental animals

To conduct the present in vivo pharmacological activi-
ties the young Swiss albino mice of either male or female 
having a average age of 6–7 weeks as well as 25–30 g 
weight were purchased from the Department of Pharmacy, 
Jahangirnagar University, Savar, Dhaka, Bangladesh. 
Under suitable housing condition these experimental ani-
mals were kept where the relative humidity was 55–65% 
along with 12:12 h (light: dark) cycle and the temperature 
also maintained at (27.0 ± 1.0) °C. Rodent foods as well 
as water ad libitum were provided to the animals. A period 
of 1 week was considered for the adaptation of the experi-
mental animals with the laboratory conditions. Prior to 
the study, the design of the experiments involving mice 
were approved by the Ethical Review Committee, Faculty 
of Biological Science and Technology, Jessore University 
of Science and Technology and all the experiments were 
conducted according to their guidelines.

Test pathogens

Both gram positive and gram negative bacteria were col-
lected from ICCDR, B including Staphylococcus epider-
midis, Staphylococcus pyogens, Staphylococcus aureus, 
Streptococcus agalactiae, Enterococcus faecalis as well 
as Pseudomonus spp., Shigella boydigus, Shigella sonnei, 
Escherichia coli, Shigella flexineri respectively and were 
preserved in microbiology Lab, department of pharmacy, 
Jessore university of science and technology, Jessore-7408 
for the evaluation of antibacterial activity.

Collection of the parasites

Paramphistomum cervi parasites were collected from 
freshly slaughtered cattle at local abattoirs. After cleaning, 
parasites were stored in 0.9% phosphate buffered saline 
(pH = 7.4).

Collection of the brine shrimp

The eggs of the brine shrimp were collected from an aquar-
ium shop (Khulna, Bangladesh) and hatched in artificial sea-
water (3.8% NaCl solution) for 48 h to get mature shrimp 
called Nauplii.

Collection and identification of the plant

A. mexicana Linn. aerial parts were collected from Nowa-
para (23°1′52″N, 89°23′57″E), Jessore, Bangladesh, in 
June, 2013. The identification of the species was verified by 
Sarder Nasir Uddin (Principal Scientific Officer, Bangladesh 
National Herbarium) and the accession no. was (DACB-
45000). A dried specimen was preserved in the Herbarium 
for future reference.

Preparation and extraction of the plant material

Fresh aerial parts of A. mexicana were rinsed successively 
with running water for 3–4 times as well as once with ster-
ile distilled water. Moreover, drying of the aerial parts was 
completed by the application of shade drying for a period 
of 7 days, which were then grinded into coarse powder by 
using a laboratory grinding mill (MACSALAB 200 Cross 
Beater, Eriez, Erie, Pennsylvania, USA) and also passed 
through a 40-mesh sieve to obtain fine powder. Ethanolic 
extraction of the powdered plant material was carried out 
following cold extraction procedure. 250 g powdered mate-
rial was submerged in 800 ml ethanol in a glass container 
for 10 days along with continuous shaking and stirring. Then 
filtration was performed on the extract with clear cotton plug 
to separate the plant debris. Again, the residue was sub-
merged in 450 ml ethanol for a period of 3 days and also 
filtered by Whatman No. 1 filter papers to eradicate the plant 
debris. Evaporation of the filtrate was completed by a rotary 
vacuum evaporator (Bibby RE200, Sterilin Ltd., UK). Then 
dried extract was kept in an air-tight container and stored 
in refrigerator at 4 °C to prevent fungal attack as well as to 
conduct further studies. The percentage yield of the extract 
was 6% (w/w).

Phytochemical screening

Various qualitative tests were carried out on freshly prepared 
EAMA to identify the presence of phytochemical groups 
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such as carbohydrates, alkaloids, phenolic compounds, sapo-
nins, tannins, flavonoids, anthraquinones, glycosides, acidic 
compounds and gums through distinctive color changes 
according to Patil et al. (2014) and Moushome et al. (2016).

Acute toxicity study

According to the method of Islam et al. (2013), EAMA was 
subjected for acute toxicity test for the assessment of pos-
sible toxicity as well as safe doses. Acute toxicity deals with 
the adverse effects due to the exposure of either single or 
multiple exposure of a given substance. Usually it takes short 
time e.g. less than 24 h to elicit acute toxicity. The guide-
lines provided by the Organization of Economic Cooperation 
and Development (OECD) were followed to determine half 
lethal dose  (LD50) of the experimental sample through acute 
toxicity study. Generally two groups namely control group 
and test group (EAMA) were made and number of mice in 
each group was five. Different concentrations of the experi-
mental sample such as 100, 250, 500, 1000, 2000, 3000 and 
4000 mg/kg body weight were administered to the respec-
tive group of the mice by oral route. After an observation 
period of every 1 h for next 5–6 h, some parameters includ-
ing mortality, salivation, injury, diarrhea, convulsion, noisy 
breathing, changes in locomotor activity, pain, weakness, 
food or water refusal, coma, aggressiveness, discharge from 
eyes and ears or any signs of toxicity were checked in the 
respective group of mice (Moushome et al. 2016).

Analgesic activity study

Acetic acid‑induced writhing test

According to the method of Sarkar et al. (2013), the acetic 
acid induced writhing model in mice was employed for the 
evaluation of the analgesic activity of test sample (EAMA). 
Twenty mice were selected randomly and divided into four 
groups including control group, positive control group and 
test groups (EAMA 200 mg/kg and 400 mg/kg body weight, 
respectively) and each group contained five mice. The ani-
mals were fasted for 16 h with water ad libitum before the 
experiment. The mice of control group and positive control 
group were administered distilled water at the dose of 10 ml/
kg body weight and diclofenac sodium at the dose of 25 mg/
kg body weight, respectively through oral route using feed-
ing needle whereas mice of the third group and fourth group 
were subjected for oral administration of EAMA 200 mg/
kg and EAMA 400 mg/kg respectively. After the 30 min of 
oral administration, the mice of the each group were given 
intraperitoneal injection of acetic acid (0.6% v/v) at the dose 
of 10 ml/kg body weight. Then for a period of 10 min the 
number of writhes of each mouse was counted after an inter-
val of 5 min of the intraperitoneal injection. The number of 

writhes of mice in positive control groups as well as test 
groups was taken into consideration to compare to those 
of control group and hence, the percentage of inhibition of 
writhing was calculated using following formula:

where  W1 and  W0 represent the mean writhing of the control 
and standard or sample groups respectively.

Formalin‑induced paw licking test

Formalin induced paw licking test was performed following 
the method of Moushome et al. (2016) and Bukhari et al. 
(2016) to assess the analgesic activity of EAMA. Before 
the experiment, the animals were fasted for 16 h with water 
ad libitum. Grouping of the mice as well as sample admin-
istration were completed as like as aforementioned test. 
Diclofenac sodium (25 mg/kg body weight) and distilled 
water (10 ml/kg body weight) were used as positive control 
and control respectively. After an interval of 1 h, formalin 
(2.7% v/v)) at the dose of 20 µL was injected subcutaneously 
into the left hind paw (dorsal surface) of the each mouse in 
the respective groups and then placed into the transferrent 
box quickly for observation. The time (in second) spent in 
licking response of the injected paw was counted for each 
mouse. After formalin injection, the response of the mice 
was observed for a period of 5 min in two phases includ-
ing acute phase (0–5 min) and delayed phase (20–25 min) 
respectively. Hence, the percentage of inhibition of licking 
in both phases was calculated using following formula:

where  T1 and  T0 represent the mean licking time of the con-
trol and standard or sample groups respectively.

Tail immersion test

The method of Moushome et al. (2016) and Khatun et al. 
(2015) was followed to carry out this test. Generally the 
mechanism of centrally acting analgesics is evaluated 
through this method. This method is established on the 
principal of the prolongation of time required for the tail 
withdrawal of mice from hot water having morphine like 
drugs. Here the thermal stimulus produced painful reactions 
in animals when the tips of the tail were placed in hot water 
maintained at (55 ± 1) °C. Mice were grouped as well as 
administered as discussed above. It should be noticed that, 
a cutoff point (latency period of 15 s) was considered to 
avoid accidental damage of the tail of the mice. Mice of 
the third and fourth groups were pretreated with extracts 
(EAMA 200 mg/kg and 400 mg/kg body weight, respec-
tively). Moreover, Tramadol (10 mg/kg) was supplied to 
mice of the positive control group and mice of the control 

% inhibition of writhing =
(

1 − W0∕W1

)

× 100

% inhibition of licking =
(

1 − T0∕T1

)

× 100
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group were treated with distilled water (10 ml/kg). 30 min 
prior to the treatment of the respective group, the basal reac-
tion time (in second) i.e. the time required to withdraw it 
from hot water was calculated through the immersion of the 
tail tips (last 1–2 cm) of mice in hot water (55 ± 1) °C. After 
the respective treatment of each group, the latent period of 
tail flick response was also recorded at an interval of 30 min, 
60 min, 120 min and 180 min consecutively. The results of 
the latency periods were compared to the control group.

Hot plate test

Hot plate test was carried out following the method of 
Moushome et al. (2016). The purpose of using hot plate 
method is to evaluate the mechanism of centrally acting 
analgesics (Mannan et al. 2017). Prior to the experiment, 
mice were placed on the hot plate maintained at (55 ± 1) °C 
and selected for the test on the basis of their initial reaction 
time or latency response (15 s or less). It should be noticed 
that, a cutoff point of 15 s was considered to avoid accidental 
damage of the paw of the mice. The experimental animals 
were fasted for 16 h before the experiment with water ad libi-
tum. Grouping of the mice as well as sample administration 
were completed as like as aforementioned test. The mice of 
the control group were supplied distilled water at the dose 
of 10 ml/kg body weight and Tramadol (10 mg/kg) was used 
as positive control. The response latencies of the mice of the 
respective group (control group, positive control, EAMA 
200 mg/kg and EAMA 400 mg/kg) were recorded before 
30 min and at an interval of 30 min, 60 min, 120 min and 
180 min after respective treatment of each group through 
the observations of some parameters like jumping, licking 
or removal of the paw from the hot plate.

Antidiarrheal activity study

Castor oil induced diarrheal test

The method of Shoba and Thomas (2001) was utilized to 
perform Castor oil induced diarrheal test. The selection of 
the mice for the experiment was completed by observing 
the diarrhea started upon administration of 0.5 ml of castor 
oil. The selected twenty mice were divided into four groups 
named control, positive control, EAMA 200 mg/kg and 
EAMA 400 mg/kg containing five mice in each group. The 
mice of first and second groups received distilled water and 
Loperamide HCl at the dose of 10 ml/kg and 3 mg/kg body 
weight respectively. The mice of the third and fourth groups 
were treated with EAMA at a dose of 200 mg/kg as well 
as 400 mg/kg body weight respectively. The test samples 
were supplied orally to the mice. Before the experiment, the 
animals were fasted with water ad libitum for 16 h. After an 
interval of 30 min, the treated mice of the respective group 

were also supplied with 0.5 ml castor oil through oral route 
for commencing diarrhea. Then, each mouse was kept in the 
isolated cage having blotting paper at the base. The number 
of diarrheal feces was counted at every hour for a period of 
4 h and blotting papers were changed every hour. Therefore, 
Percent inhibition of defecation of the respective group was 
determined as well as compared. The following formula was 
used to estimate percent inhibition of defecation.

% inhibition of defecation = (1 − D0/D1) × 100, where  D0 
is the number of defecation of control group, and  D1 is the 
number of defecation of test or standard group.

Magnesium sulphate induced diarrheal test

The antidiarrheal activity of EAMA was evaluated using 
 MgSO4 induced diarrheal model described by Saha et al. 
(2013). The selection of the mice for the experiment was 
completed by observing the diarrhea started upon oral 
administration of 2 g/kg of  MgSO4. The selected twenty 
mice were divided into four groups named control, positive 
control, EAMA 200 mg/kg and EAMA 400 mg/kg contain-
ing five mice in each group. Here, Loperamide HCl (3 mg/
kg) and distilled water (10 ml/kg) were used as positive con-
trol or standard and control group respectively. The each 
mouse of the respective group was supplied with test sample 
as like as Castor oil induced diarrheal test. The experimental 
animals were fasted for 16 h with water ad libitum before the 
experiment. After an interval of 30 min of the pretreatments, 
diarrhea was started in the mice by supplying magnesium 
sulphate orally at the dose of 2 g/kg body weight. An iso-
lated cage containing blotting paper at the base was taken for 
the placement of each mouse. The observation period was 
4 h and the number of diarrheal feces was counted at every 
hour. It should be noted that, blotting papers were changed 
every hour. Therefore, percent inhibition of defecation of the 
respective group was calculated following the same formula 
used in Castor oil induced diarrheal test.

Antibacterial activity test

Disc diffusion assay

Evaluation of the antibacterial activity of EAMA was 
completed according to disc diffusion assay (Bauer et al. 
1966). Desired concentrations of the extract were prepared 
by using DMSO. Moreover, Kanamycin (30 μg/disc) was 
used as positive control whereas Sterile blank discs (BBL, 
Cocksville, USA) containing DMSO as control. The blank 
discs were impregnated with test extract (EAMA) at the con-
centrations of 250 and 500 μg/disc using micropipette. Then 
discs were dried. Sample discs (EAMA 250 and 500 μg/
disc), Kanamycin (30 μg/disc) and blank disc were applied 
on the petridishes containing nutrient agar medium seeded 
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with bacteria which were accompanied by sterile forceps. 
Therefore, petridishes were subjected for incubation for a 
period of 16 h at 37 °C. After incubation period, all experi-
ments were performed in triplicates and the zone of inhi-
bition surrounding each disc was recorded through digital 
slide calipers.

Anthelmintic activity test

According to the method of Islam et al. (2015), anthelmintic 
activity of EAMA was performed on Paramphistomum cervi 
(Trematoda) because of their availability as well as resem-
blance to the intestinal worms. The collected parasites were 
rinsed with distilled water for the prevention of fecal matters 
and divided into four groups namely control (0.1% tween-80 
in PBS), positive control (Albendazole 15 mg/ml), EAMA 
25 mg/ml and EAMA 50 mg/ml containing four parasites 
in each group. Then standard along with test samples were 
applied on the petridishes for the determination of the time 
taken for paralysis as well as death in case of selected para-
sites. Time for paralysis was recorded when no movement 
until shaken the parasites robustly and time for death also 
noted when it was observed that the parasites neither moved 
after vigorous shaking nor dipping into warm water (50 °C).

Cytotoxic activity test

Brine shrimp lethality bioassay

The method of Firdaus et al. (2013) was utilized to carry out 
cytotoxic activity of EAMA following brine shrimp lethal-
ity bioassay. In order to get Nauplii (Larvae), the eggs of 
brine shrimp (Artemia salina) were kept in 1 L of sea water 
accompanied by aeration and were subjected to hatching for 
a period of 16 h at 37 °C. Different concentrations including 
320 µg/ml, 160 µg/ml, 80 µg/ml, 40 µg/ml, 20 µg/ml, 10 µg/
ml, 5 µg/ml and 5 µg/ml, 2.5 µg/ml, 1.25 µg/ml, 0.625 µg/ml, 
0.312 µg/ml were prepared using simulated sea water along 
with DMSO (Dimethylsulfoxide) for EAMA and standard 
respectively. Then the diluted solutions were added to the 
5 ml of sea water containing 10 Nauplii. After 24 h, the 
mortality of the brine shrimp for the respective treatments 
was measured. The LC50 values (concentration of sample/
standard required to kill 50% of brine shrimp) were calcu-
lated by plotting concentration versus percentage of mortal-
ity (at the confidence interval level of 5%) through Microsoft 
 Excel® 2007.

Statistical analysis

All the results were expressed as mean ± SE (stand-
ard error). One-way ANOVA following Dunnet’s test 
(P <0.05, vs. control) was utilized for the analysis of all 

test results. In case of tail immersion and hot plate test, 
repeated measure ANOVA (RM-ANOVA) was performed 
for the analysis of the results. Moreover, comparison of the 
mean values among different groups (except control) was 
also carried out by One-way ANOVA following Post-hoc 
Bonferroni test (P <0.05, vs. standard/extract) which was 
considered statistically significant. SPSS software (version 
20; IBM Corporation, New York, USA) was used for the 
analysis of all data.

Results

Phytochemical screening

Phytochemical screening of the EAMA demonstrated 
the presence of some phytochemical groups, which are 
summarized in Table 1. Alkaloids, flavonoids, phenolic 
compounds, tannins, glycosides and gums were present in 
EAMA whereas tests for carbohydrates, saponins, acidic 
compounds, and anthraquinones showed the negative 
results. In addition to, tests for flavonoids and glycosides 
demonstrated inconsistent results. Flavonoid contents as 
well as glycoside contents were observed by alkaline test 
and Molisch’s test respectively but lead acetate test indi-
cated for flavonoids and concentrated sulphuric acid test 
for glycoside did not exhibit positive results.

Table 1  Phytochemical screening of EAMA

+, presence of specific phytochemical groups; −, absence of specific 
phytochemical groups

Phytochemical groups Test name Observa-
tion of 
EAMA

Carbohydrates Molisch’s test −
Fehling’s test −

Alkaloids Dragendorff’s test +
Wagner’s test +
Mayer’s test +

Flavonoids Lead acetate test −
Alkaline test +

Phenolic compounds Ferric chloride test +
Dilute nitric acid test +

Tannins Ferric chloride test +
Potassium dichromate test +

Saponins Froth test –
Acidic compounds General test –
Anthraquinones Ammonium hydroxide test –
Glycosides Molisch’s test +

Concentrated sulphuric acid test −
Gums Molisch’s test +
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Acute toxicity study

During the observation period of 14 days, it was noticed that 
the doses of EAMA supplied to the mice (even the maxi-
mum dose of 4000 mg/kg body weight) did not produce any 
mortality or signs of toxicity or behavioral changes. The 
control group exhibited the same result. This indicates that 
the minimum lethal dose of EAMA required to generate 
acute oral toxicity is more than 4000 mg/kg.

Acetic acid‑induced writhing test

In acetic acid-induced writhing test, significant percentage 
inhibition of writhing was shown by all groups (*P < 0.05, 
vs. control). Both the lower and higher doses of EAMA 
(200 mg/kg and 400 mg/kg body weight) revealed the sig-
nificant (*P < 0.05, vs. control) percentage inhibition of 
writhing (36.75 ± 2.36% and 59.58 ± 2.23% respectively). 
Moreover, diclofenac sodium showed 84.53 ± 2.11% inhi-
bition of writhing at the dose of 25 mg/kg as compared to 
the control. So, the analgesic activity of the extract (EAMA) 
was comparable to the standard diclofenac sodium (Table 2).

Formalin‑induced paw licking test

The significant highest percentage of inhibition 
(70.43 ± 1.95%) of paw licking in mice was demonstrated 
by EAMA 400 mg/kg body weight during the delayed 
phase of formalin injection (*P < 0.05, vs. control). More-
over, diclofenac sodium 25 mg/kg exhibited significant 
percentage inhibition (*P < 0.05, vs. control) of paw lick-
ing not only in acute phase but also in delayed phase of 
formalin injection. A gradual increase in percentage inhi-
bition of paw licking was revealed by EAMA 400 mg/kg 
from acute phase to delayed phase. But EAMA 200 mg/
kg showed decreased percentage inhibition of paw licking 
during late phase of formalin injection as compared to the 
acute phase (Table 3).

Tail immersion test

After an interval of 60 min of the administration of Trama-
dol, EAMA 200 mg/kg and EAMA 400 mg/kg, they exhib-
ited significant increase in response latency (*P < 0.05, 
vs. control). Moreover, significant latency was shown by 
Tramadol at 60 min, 120 min and 180 min (*P < 0.05, 
vs. control). EAMA 200 mg/kg demonstrated significant 
latency only at 60 min (*P < 0.05, vs. control). In addi-
tion to, EAMA 400 mg/kg showed significant latency 
at 30 min, 60 min and 120 min (*P < 0.05, vs. control). 
Gradual increase in response latency from 2nd observation 
to 4th observation period was revealed by Tramadol and 
EAMA 400 mg/kg respectively. Both Tramadol and higher 
dose of EAMA (EAMA 400 mg/kg) exhibited maximum 
effect at 120 min (Table 4).

Tests of within-subjects effects conducted by repeated 
measure analysis of variance reveal that for the fac-
tor “time” calculated  = 51.304 for all methods and P 
value = 0.000 in every case. So time is highly significant 
at any level of significance.

Table 2  Effects of standard, EAMA (200 mg/kg and 400 mg/kg) in 
acetic acid induced writhing test

Values are presented as mean ± standard error of mean. n = 5 mice in 
each group
DS diclofenac sodium, EAMA Ethanolic extract of Argemone mexi-
cana aerial parts
*P < 0.05, versus control (Dunnett’s t test); θP < 0.05, versus DS 
25  mg/kg; ■P < 0.05, versus EAMA 200  mg/kg; □P < 0.05, versus 
EAMA 400  mg/kg (pair-wise comparison by post hoc Bonferroni 
test)

Group Dose Number of writhing Inhibition (%)

Control 10 ml/kg 27.20 ± 0.66 0.00 ± 0.00
DS 25 mg/kg 4.20 ± 0.58*■□ 84.53 ± 2.11*■□

EAMA 200 mg/kg 17.20 ± 0.73*θ□ 36.75 ± 2.36*θ□

EAMA 400 mg/kg 11.00 ± 0.71*θ■ 59.58 ± 2.23*θ■

Table 3  Effects of standard, EAMA (200 mg/kg and 400 mg/kg) in formalin-induced paw licking test

Values are presented as mean ± standard error of mean. n = 5 mice in each group
DS diclofenac sodium, EAMA ethanolic extract of Argemone mexicana aerial parts
*P < 0.05, versus control (Dunnett’s t test); θP < 0.05, versus DS 25  mg/kg; ■P < 0.05, versus EAMA 200  mg/kg; □P < 0.05, versus EAMA 
400 mg/kg (pair-wise comparison by post hoc Bonferroni test)

Group Dose Licking in acute phase (s) Inhibition (%) Licking in delayed phase (s) Inhibition (%)

Control 10 ml/kg 230.20 ± 0.66 0.00 ± 0.00 84.40 ± 1.47 0.00 ± 0.00
DS 25 mg/kg 62.40 ± 0.81*■□ 72.89 ± 0.35*■□ 10.60 ± 1.96*■□ 87.53 ± 2.24*■□

EAMA 200 mg/kg 122.60 ± 0.87*θ□ 46.74 ± 0.30*θ□ 58.80 ± 1.16*θ□ 30.28 ± 1.45*θ□

EAMA 400 mg/kg 81.80 ± 0.97*θ■ 64.46 ± 0.48*θ■ 25.00 ± 1.84*θ■ 70.43 ± 1.95*θ■
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Hot plate test

After the administration of Tramadol, EAMA 200 mg/kg 
and EAMA 400 mg/kg, the significant latency was elicited 
by Tramadol and EAMA 400 mg/kg at 60 min, 120 min 
and 60 min, 180 min respectively (*P < 0.05, vs. control). 
Again, Tramadol showed gradual increase in response 
latency from 2nd observation to 4th observation period 
and it revealed maximum effect at 120 min. Moreover, 
fluctuations in response latency was noticed by EAMA 
200 mg/kg during different observation periods and it 
didn’t show any significant latency (*P < 0.05, vs. con-
trol). Gradual increase in response latency was elicited 
by EAMA 400 mg/kg except  4th observation. In addition 
to, both the lower and higher doses of EAMA (EAMA 
200 mg/kg and 400 mg/kg respectively) revealed maxi-
mum effect at 60 min (Table 5).

Tests of within-subjects effects conducted by repeated 
measure analysis of variance reveal that for the factor 
“time” calculated F = 16.599 for all methods and P value 
is not 0.000 in every case. So time is not highly significant 
at any level of significance.

Castor oil induced diarrheal test

In castor oil induced diarrheal model, antidiarrheal effects 
were exhibited by Loperamide HCl, EAMA 200 mg/kg and 
EAMA 400 mg/kg in mice. Both the lower and higher doses 
of EAMA (EAMA 200 mg/kg and 400 mg/kg) as well as 
Loperamide HCl significantly reduced the total number of 
diarrheal feces after 4 h (*P < 0.05, vs. control). Moreover, 
EAMA 400 mg/kg exhibited the highest and significant 
(*P < 0.05, vs. control) percentage inhibition of diarrhea 
(59.77 ± 4.00%). So, EAMA showed percentage inhibi-
tion of diarrhea comparable to that of Loperamide HCl 
(88.24 ± 2.27%) (Table 6).

MgSO4 induced diarrheal test

In  MgSO4 induced diarrheal test, Loperamide HCl, 
EAMA 200 mg/kg and EAMA 400 mg/kg showed anti-
diarrheal effects in mice. After an observation period of 
4 h, significant reduction in total number of diarrheal 
feces was revealed by both the lower and higher doses 
of EAMA (EAMA 200 mg/kg and 400 mg/kg) as well 
as Loperamide HCl (*P < 0.05, vs. control). Moreover, 

Table 4  Effects of standard, 
EAMA (200 mg/kg and 
400 mg/kg) in tail immersion 
test

Values are presented as mean ± standard error of mean. n = 5 mice in each group. 0 means 30 min before 
administration and + 30 min, + 60 min, + 120 min and + 180 min denote 30, 60, 120 and 180 min after 
drug administration
EAMA ethanolic extract of Argemone mexicana aerial parts
*P < 0.05, versus control (Dunnett’s t test); θP < 0.05, versus tramadol 10 mg/kg; ■P < 0.05, versus EAMA 
200 mg/kg; □P < 0.05, versus EAMA 400 mg/kg (pair-wise comparison by post hoc Bonferroni test)

Group Dose Latency time (s)

0 min + 30 min + 60 min + 120 min + 180 min

Control 10 ml/kg 1.95 ± 0.06 2.26 ± 0.24 2.18 ± 0.35 1.79 ± 0.31 1.96 ± 0.34
Tramadol 10 mg/kg 2.37 ± 0.57 4.03 ± 0.81 5.63 ± 0.29*■ 6.22 ± 0.41*■ 3.24 ± 0.26*■□

EAMA 200 mg/kg 1.41 ± 0.18 2.35 ± 0.21□ 3.41 ± 0.20*θ□ 1.63 ± 0.23θ□ 1.20 ± 0.07θ

EAMA 400 mg/kg 2.90 ± 0.59 4.68 ± 0.47*■ 5.77 ± 0.42*■ 6.23 ± 0.24*■ 1.88 ± 0.30θ

Table 5  Effects of standard, 
EAMA (200 mg/kg and 
400 mg/kg) in hot plate test

Values are presented as mean ± standard error of mean. n = 5 mice in each group. 0 means 30 min before 
administration and + 30 min, + 60 min, + 120 min and + 180 min denote 30, 60, 120 and 180 min after 
drug administration
EAMA ethanolic extract of Argemone mexicana aerial parts
*P < 0.05, versus control (Dunnett’s t test); θP < 0.05, versus tramadol 10 mg/kg; ■P < 0.05, versus EAMA 
200 mg/kg; □P < 0.05, versus EAMA 400 mg/kg (pair-wise comparison by post hoc Bonferroni test)

Group Dose Latency time (s)

0 min +30 min +60 min +120 min +180 min

Control 10 ml/kg 2.16 ± 0.40 3.38 ± 0.68 3.05 ± 0.76 2.54 ± 0.58 1.94 ± 0.39
Tramadol 10 mg/kg 4.16 ± 0.88* 5.44 ± 0.57 5.70 ± 0.68* 6.62 ± 0.59*■□ 2.66 ± 0.50□

EAMA 200 mg/kg 2.60 ± 0.52 3.51 ± 0.61 4.58 ± 0.61 2.45 ± 0.40θ 2.98 ± 0.54□

EAMA 400 mg/kg 2.41 ± 0.62 4.36 ± 0.59 6.02 ± 0.79* 3.09 ± 0.56θ 5.58 ± 0.73*θ■
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EAMA 400 mg/kg exhibited the highest and significant 
(*P < 0.05, vs. control) percentage inhibition of diarrhea 
(69.15 ± 4.09%). So, EAMA showed percentage inhibi-
tion of diarrhea comparable to that of Loperamide HCl 
(84.86 ± 2.26%) (Table 7).

Antibacterial activity test

Disc diffusion assay

In disc diffusion assay, the efficacy of antibacterial activity 
of both lower and higher doses of EAMA (250 µg/disc and 
500 µg/disc respectively) has been depicted in the Table 8. 
From Table 8, it is noticeable that EAMA 250 µg/disc and 

Table 6  Effects of standard, 
EAMA (200 mg/kg and 
400 mg/kg) in castor oil induced 
diarrheal test

Values are presented as mean ± standard error of mean. n = 5 mice in each group
EAMA ethanolic extract of Argemone mexicana aerial part
*P < 0.05, versus control (Dunnett’s t test); θP < 0.05, versus Loperamide HCl 3 mg/kg; ■P < 0.05, versus 
EAMA 200  mg/kg; □P < 0.05, versus EAMA 400  mg/kg (pair-wise comparison by post hoc Bonferroni 
test)

Group Dose Number of diarrheal feces % of inhibition of diarrhea

Control 10 ml/kg 19.20 ± 1.07 0.00 ± 0.00
Loperamide HCl 3 mg/kg 2.20 ± 0.37*■□ 88.24 ± 2.27*■□

EAMA 200 mg/kg 12.00 ± 0.84*θ □ 36.00 ± 7.43*θ □

EAMA 400 mg/kg 7.60 ± 0.60*θ■ 59.77 ± 4.00*θ■

Table 7  Effects of standard, 
EAMA (200 mg/kg and 
400 mg/kg) in Magnesium 
sulphate induced diarrheal test

Values are presented as mean ± standard error of mean. n = 5 mice in each group
EAMA ethanolic extract of Argemone mexicana aerial part
*P < 0.05, versus control (Dunnett’s t test); θP < 0.05, versus Loperamide HCl 3 mg/kg; ■P < 0.05, versus 
EAMA 200  mg/kg; □P < 0.05, versus EAMA 400  mg/kg (pair-wise comparison by post hoc Bonferroni 
test)

Group Dose Number of diarrheal feces % of inhibition of diarrhea

Control 10 ml/kg 21.60 ± 1.21 0.00 ± 0.00
Loperamide HCl 3 mg/kg 3.20 ± 0.37*■ 84.86 ± 2.26*■□

EAMA 200 mg/kg 11.40 ± 0.93*θ □ 47.42 ± 2.12*θ □

EAMA 400 mg/kg 6.60 ± 0.81*■ 69.15 ± 4.09*θ■

Table 8  In vitro antibacterial activity of EAMA

Gram (+ve) gram positive bacteria, Gram (−ve) gram negative bacteria

Bacterial strains Type of bacterial strains Zone of inhibition (mm)

Control EAMA (dose/disc) Kanamycin

250 µg/disc 500 µg/disc (30 µg/disc)

Pseudomonus spp. Gram (−ve) 0 6.07 ± 0.090 8.40 ± 0.103 34.21 ± 0.193
Staphylococcus epidermidis Gram (+ve) 0 6.01 ± 0.115 6.73 ± 0.145 25.77 ± 0.137
Staphylococcus pyogens Gram (+ve) 0 10.24 ± 0.101 12.58 ± 0.147 25.41 ± 0.116
Staphylococcus aureus Gram (+ve) 0 7.95 ± 0.098 12.23 ± 0.118 30.02 ± 0.130
Shigella boydigus Gram (−ve) 0 5.76 ± 0.144 7.29 ± 0.115 16.31 ± 0.173
Shigella sonnei Gram (−ve) 0 6.54 ± 0.234 7.82 ± 0.221 22.73 ± 0.146
Streptococcus agalactiae Gram (+ve) 0 5.61 ± 0.230 7.59 ± 0.178 31.00 ± 0.118
Escherichia coli Gram (−ve) 0 5.56 ± 0.239 6.46 ± 0.144 20.16 ± 0.121
Enterococcus faecalis Gram (+ve) 0 8.17 ± 0.145 10.19 ± 0.173 32.27 ± 0.175
Shigella flexineri Gram (−ve) 0 6.03 ± 0.145 6.41 ± 0.231 24.10 ± 0.173
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EAMA 500 µg/disc showed zone of inhibition against dif-
ferent bacterial strains (both gram positive and gram nega-
tive) ranging from 5.56 ± 0.239 mm to 10.24 ± 0.101 mm 
and 6.41 ± 0.231 mm to 12.58 ± 0.147 mm respectively. 
Again, highest antibacterial activity was demonstrated by 
both doses (250 µg/disc and EAMA 500 µg/disc) against 
gram positive bacteria namely Staphylococcus pyogens. 
But EAMA 250 µg/disc exhibited lowest zone of inhibi-
tion (5.56 ± 0.239 mm) against Escherichia coli and in case 
of higher dose it was 6.41 ± 0.231 mm against Shigella 
flexineri. In addition to, Kanamycin (30 µg/disc) revealed 
zone of inhibition ranging from 16.31 ± 0.173  mm to 
34.21 ± 0.193 mm against different strains. So, the EAMA 
showed significant antibacterial activity comparable to that 
of standard.

Anthelmintic activity test

The test for Anthelmintic activity of EAMA showed vary-
ing degree of activity including paralysis as well as death 
of the intestinal worms at various concentrations (25 mg/
ml and 50 mg/ml). EAMA at the concentration of 25 mg/
ml showed paralysis and death at 52.06 ± 1.091  min 
and 76.07 ± 2.400  min respectively. Again, time taken 
for paralysis and death was 41.69 ± 1.341 min as well as 
57.56 ± 1.520  min respectively at the concentration of 
EAMA 50 mg/ml. Moreover, for Albendazole 15 mg/ml 
exhibition of paralysis time was 18.01 ± 1.226 min whereas 
death time was 26.12 ± 1.111 min. So, EAMA (25 mg/ml 
and 50 mg/ml) showed dose dependant (short time taken 
for paralysis and death at 50 mg/ml) anthelmintic activity 
comparable to that of standard (15 mg/ml) (Fig. 1).

Cytotoxic activity test

Brine shrimp lethality bioassay

In brine shrimp lethality bioassay, a plot between % of mor-
tality and concentrations of EAMA as well as vincristine sul-
phate made an approximate linear correlation between them 
respectively. The rate of percentage of mortality increased 
with the enhancement of concentration. The EAMA showed 
 LC50 value of 51.0105 µg/ml and  LC50 value of vincristine 
sulphate was 0.364 µg/ml Fig. 2.

Discussion

Medicinal herbs exert diversified activities due to the pres-
ence of bioactive compounds in the phytochemical groups 
of the plant extract (Alabri et al. 2014). Most of the plants 
species contain primary metabolites including monosaccha-
rides, polysaccharides, amino acids, proteins, nucleic acid, 
and lipids. On the other hand, there are few plants in which 
secondary metabolites exist. All of these compounds are 
responsible for the resistance against herbivores as well as 
pathogens. They also provide mechanical support, absorb 
detrimental ultraviolet radiation, attract pollinators and fruit 
dispersers and decrease the growth of nearby competing 
plants. Medicinal properties might be possessed by some 
secondary metabolites like alkaloids, glycosides, phenolics, 
fatty acids, terpenoids, waxes and their derivatives. The 
identification of the bioactive compounds through prelimi-
nary screening of secondary metabolites play vital role in 
drug discovery as well as development (Aziz 2015).

In traditional system of medicine, a large number of 
products obtained from medicinal plants are used for their 
medicinal value but a few of them have been subjected for 
toxicological studies. So, it is important to carry out toxi-
cological studies up on them. Moreover, there is a limited 
number of toxicity data for numerous plants. Again, prelimi-
nary toxicological data of the plant derived compound may 
be found up on its single administration in acute toxicity. 
Therefore, it is crucial to conduct acute oral toxicity study 
for the estimation of therapeutic range of the doses regard-
ing successive usage as well as recognition of the adverse 
effects of the compounds. The gradual increment of the dose 
of EAMA up to 4000 mg/kg didn’t produce any mortality in 
the experimental animals. Hence,  LD50 of EAMA couldn’t 
be determined. Therefore, the plant extract was considered to 
be safe having a wide range of therapeutic response and two 
doses of EAMA (200 mg/kg and 400 mg/kg) were utilized 
in in vivo experiments (Aziz 2015; Moushome et al. 2016).

Acetic acid–induced writhing test has been considered 
as a tool for the evaluation of central as well as peripheral 
antinociceptive activity (Mannan et al. 2017). Moreover, 
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liberation of endogenous mediators of pain including pros-
taglandins, kinins, etc. is involved in the establishment of 
writhing response as a model visceral pain. Significant 
dose dependent antinociceptive effect was demonstrated by 
EAMA in acetic acid-induced writhing test after oral admin-
istration of EAMA (Table 2). An increment in cyclooxy-
genase (COX), prostaglandins (PGs), serotonin, lipoxy-
genase (LOX), substance P, histamine, bradykinin, IL-1β, 
IL-8, TNF-α is provoked in the peripheral tissue fluid due 
to administration of acetic acid through intraperitoneal 
route. Then entrance of the primary afferent nociceptors 
into dorsal horn of the central nervous system is caused due 
to their incitement through elevated level of the aforemen-
tioned mediators. Enlargement of the blood brain barrier 
(BBB) permeabilization or disruption might be occurred 
due to the release of these inflammatory mediators. Again, 

intraperitoneal injection of acetic acid (pain inducing agent) 
is also involved in the elevation of vasodilation as well as 
vascular fluid permeability (Imam and Moniruzzaman 
2014). All of these events were blocked by plant extract 
(EAMA). Therefore, it was obvious in our study that, EAMA 
revealed not only peripheral antinociceptive effect but also 
central effect through the inhibition of writhing response. 
These antinociceptive effects may be either through inhi-
bition of release of endogenous nociceptive mediators or 
inhibition of permeability at both BBB and vascular level 
(Imam and Moniruzzaman 2014).

The formalin induced paw licking test is a suitable 
method to explore discrimination between the central and 
peripheral antinociceptive action. This method consists of 
two phases of nociceptive response namely first phase and 
second phase. In case of initial phase, nociceptive neurons 

Fig. 2  Graphical representation 
of brine shrimp lethality bioas-
say and  LC50 for vincristine 
sulphate (a) and EAMA (b)
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are prompted directly those activate C-fiber and produces 
neurogenic pain. Again, inflammation of the local tissue as 
well as functional changes in the dorsal horn of the spinal 
cord generates inflammatory pain in second phase. It is 
noticeable that, injection of formalin instantly (0–5 min 
after injection) causes initial phase whereas post-injection 
of formalin (20–30 min after injection of formalin) elicits 
the second phase. Moreover, neurogenic pain of the phase 
is revealed through the participation of substance P and 
bradykinin. Inflammatory pain in second phase is gener-
ated by the mediators such as histamine, prostaglandin, 
serotonin and bradykinin (Hossain et al. 2015). Both of the 
phases including first phase and second phase are arrested 
by the central analgesics such as opioids while only the 
second phase is inhibited by the peripheral analgesics 
including acetylsalicylic acid. So, antinociceptive effects 
of both doses of EAMA (EAMA 200 mg/kg and 400 mg/
kg) in both phases indicates the central along with the 
peripheral effects which might be due to the inhibition of 
different pain mediators including substance P, histamine, 
prostaglandin, serotonin and bradykinin (Table 3). How-
ever, further studies are necessary to identify the exact 
antinociceptive mechanism of plant extract (Moushome 
et al. 2016).

Tail immersion model is well known as one of the sig-
nificant acute pain models. Generally, centrally acting 
analgesics (opioids) are distinctively involved with the 
tail-withdrawal response and peripherally acting drugs are 
insensitive at heat-induced pain response. Tail immersion is 
related to the spinal reflex which is exerted through μ2- and 
δ-opioid receptors. Moreover, centrally acting analgesics 
(opioids) elicits antinociceptive activity not only in early 
phase but also in late phase. Table 4 shows that, both doses 
of EAMA (200 mg/kg and 400 mg/kg body weight) demon-
strated significant latency (*P < 0.05, vs. control) at 60 min 
and 30 min, 60 min and 120 min respectively which might 
be due to the involvement of μ-opioid receptors (Imam and 
Moniruzzaman 2014; Moushome et al. 2016).

The hot-plate test is conducted for the evaluation of mech-
anism of centrally acting analgesics. In this test μ1 and μ2 
opioid receptors are responsible for supraspinal reflex (Imam 
and Moniruzzaman 2014). Latency response of the mice 
against thermal stimuli is measured through hot plate test. 
Tramadol showed gradual increase in response latency from 
2nd observation to 4th observation period whereas gradual 
increase in response latency was elicited by EAMA 400 mg/
kg except 4th observation (Table 5). This plant extract might 
produce central antinociceptive effect by releasing endog-
enous peptides including endorphin or enkephalin through 
the stimulation of periaqueductal gray matter (PAG). These 
endogenous peptides descend the spinal cord and inhibits 
pain impulse transmission at the synapse in the dorsal horn 
(Imam and Sumi 2014).

Phytochemical screening of the EAMA demonstrated the 
presence of alkaloids, flavonoids, phenolic compounds, tan-
nins, glycosides and gums which might be responsible for 
the elicitation of antinociceptive activities in these animal 
models. Flavonoids may exhibit analgesic activity by sub-
duing the rising level of intracellular  Ca2+ ion along with 
liberation of pro-inflammatory mediators including TNF-α. 
Again, the interference of flavonoids in the central mecha-
nism of analgesics may be occurred through the elevated 
amount of endogenous serotonin by flavonoids as well 
as binding of it with 5-HT2 and 5-HT-3 receptors. It has 
been reported that flavonoids also exert analgesic activity 
due to its antioxidant properties characterized by targeting 
prostaglandins. The production of the terminal products of 
cyclooxygenase as well as lipoxygenase pathways named 
ecosanoids including prostaglandins is inhibited by flavo-
noids. Besides, these prostaglandins are responsible for sev-
eral immunological responses. Tannins are also involved in 
antinociceptive activity. So, it can be concluded that, anti-
oxidant activity together with cyclooxygenase as well as 
lipoxygenase inhibitory pathways may be responsible for the 
reduced production of prostaglandins along with its precur-
sor arachidonic acids and finally alleviate the pain sensation 
(Imam and Moniruzzaman 2014).

Castor oil induced diarrheal model is a widely used 
method for the assessment of antidiarrheal activity that 
is involved in production of secretory as well as motility 
diarrhea (Yacob et al. 2016). Ricinoleic acid is the active 
metabolite of castor oil that is released through the action 
of lipases in the upper part of the small intestine and sub-
sequently causes diarrhea (Degu et al. 2016). After bind-
ing with  EP3 prostanoid receptors on smooth muscle cells it 
exerts its action (Tadesse et al. 2017). Ricinoleic acid plays 
important role for the formation of ricinoleate salts with  Na+ 
as well as  K+ in the lumen of the intestine. This ricinoleate 
is responsible for the exhibition of anti-absorptive effect on 
the mucosa. Moreover, the activity of the enzyme  Na+–K+ 
ATPase is blocked by ricinoleate and it also accelerate the 
permeability of the intestinal epithelium. So, extract may 
exhibit antidiarrheal activity against castor oil induced 
diarrheal by antielectrolyte permeability action. Again, 
Ricinoleic acid is responsible for local irritation along with 
inflammation of the intestinal mucosa which initiates to 
the liberation of prostaglandins (PGs) (Yacob et al. 2016). 
These prostaglandins are involved in amplifying vasodila-
tation, contraction of the smooth muscle along with mucus 
secretion and increment of secretion of water and electro-
lytes into the small intestine. The Prostaglandins (E series) 
are well known as potent diarrheogenic agents not only in 
experimental animals but also in human beings. Therefore, 
delay in castor oil induced diarrhea is caused by the inhibi-
tors of prostaglandins biosynthesis (Umer et al. 2013). Fla-
vonoids and phytosterols are the two important secondary 
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metabolites which are responsible for the modified produc-
tion of cyclooxygenase 1 and 2 (COX-1, COX-2) and lipoox-
ygenase (LOX) and eventually blockage of prostaglandins 
synthesis. Protein tannates generated through the precipita-
tion of proteins in intestinal mucosa by tannins are related to 
the exhibition of resistance of the intestinal mucosa towards 
chemical alteration and sequentially decrease the peristal-
tic movements as well as intestinal secretion (Tadesse et al. 
2017). From Table 6, it is clear that, EAMA revealed signifi-
cant and dose dependent antidiarrheal activity in mice due to 
the presence of bioactive compounds named flavonoids and 
tannins. Most of the antidiarrheal agents exert action through 
reduction of secretion as well as dirigible movement of GI 
smooth muscles. So, EAMA was also subjected for  MgSO4 
induced diarrheal test to explore the exact mechanism of 
antidiarrheal agents.

Magnesium sulphate induced diarrheal model is another 
useful method for the evaluation of antidiarrheal activity. In 
this case, oral administration of magnesium sulphate causes 
accumulation of fluid in the intestinal lumen along with its 
movement (from proximal to distal intestine). Again, it also 
liberates nitric acid as well as cholecystokinin from duode-
nal mucosa which initiates two concurrent events. Firstly, 
increment in the secretion and motility of small intestine 
and secondly, inhibition of water and NaCl reabsorption 
(Moushome et al. 2016). Moreover, the crude extract EAMA 
showed significant antidiarrheal activity in the dose depend-
ent manner because of the enhancement in water and NaCl 
reabsorption (Table 7).

The evaluation of antibacterial activity against pathogenic 
bacteria is performed by the flexible, economical as well 
as simple method called Disk diffusion (Saha et al. 2013). 
The crude plant extract exerts antibacterial properties exten-
sively due to various groups of active secondary metabolite 
including saponins, tannins, phenols and alkaloids present 
in the extract. The antimicrobial properties may be broadly 
obtained either from individual or combined modes of 
action of compounds of the secondary metabolites. Micro-
bial growth is hindered by the alkaloids because of its stick-
ing capacity with the components of DNA molecules and 
successively hindrance of DNA synthesis characterized by 
topoisomerase inhibition. In addition to, complexation of 
proteins with tannins occurs through different non-specific 
forces including hydrogen, hydrophobic and covalent bind-
ings. Thus, the complexing capacity of tannins with enzymes 
as well as other membranous proteins present in the microor-
ganisms leads to the inhibition of growth of microorganisms. 
Again, phenolic compounds exhibit bacteriostatic action 
either through iron deprivation or hydrogen binding with 
vital proteins (microbial enzymes). These bioactive com-
pounds may elicit their antimicrobial activities after entering 
into the inner portion of the microorganisms through specific 
surface receptors (Njateng et al. 2017). The Table 8 showed 

that, EAMA (250 µg/disc and 500 µg/disc) elicited antibac-
terial activity against gram positive and gram negative bacte-
ria, which may be due to the presence of alkaloids, phenolic 
compounds and tannins in EAMA. Moreover, both doses of 
EAMA revealed maximum zone of inhibition against gram 
positive bacteria Staphylococcus pyogens. It may be due to 
several reasons like degree of resistance of gram positive 
bacteria to antibiotics is less than that of gram negative bac-
teria (Paz et al. 1995; Chowdhury and Islam 2004). Besides, 
cell wall of gram negative bacteria is composed of multilayer 
structure and gram positive bacteria contain single layer in 
their cell wall (Khodaie et al. 2012). Again, cell wall of gram 
negative bacteria contains thick murine layer that retards the 
inhibitor’s entrance (Evans et al. 1986). Kanamycin (30 µg/
disc) showed potent antibacterial activity against Pseudomo-
nus spp. (gram negative) because of its broad spectrum of 
activity. Antibacterial activity of EAMA was shown against 
both gram positive and gram negative bacteria but disk dif-
fusion assay is associated with some drawbacks. Polar com-
pounds can easily diffuse in the culture medium whereas it is 
difficult for the less polar compounds due to the involvement 
of water in agar media and thus diffuse slowly as well as 
poorly. Therefore, exact estimation of antibacterial activity 
exerted by the non polar compounds is quite impossible in 
disk diffusion assay (Saha et al. 2013). So it is necessary to 
carry out other antibacterial tests up on EAMA.

The previous studies reported that, crude stems extracts 
of A. mexicana including n-hexane, chloroform, ethyl acetate 
and ethanol showed antibacterial activity against different 
bacterial strains (gram positive and gram negative respec-
tively) at a concentration of 10 μL and the zones of inhibi-
tion were in the range of 10.1–21.4 mm along with MIC 
value of 62.5–500 μg/mL (Brahmachari et al. 2013). Again, 
dry extract of the roots of A. mexicana showed antibacterial 
activity against gram positive bacteria namely Bacillus sub-
tilis, Staphylococcus aureus and Staphylococcus epidermidis 
and the zones of inhibition were in the range of 10.3 nm to 
12.7 nm but not against Gram negative bacteria including 
Escherichia coli and Salmonella typhimurium (Mas et al. 
2018). Moreover, different parts of A. mexicana exhibited 
antibacterial activity against a number of food borne gram 
positive as well as gram negative bacteria (Rekha and Vid-
yasagar 2014). So, EAMA showed different antibacterial 
activities as compared to previous reports because majority 
of the bacterial strains were different and the extract was 
fractionated into different solvent systems.

Paralysis or loss of movement along with death or com-
plete destruction of live parasites was considered as an indi-
cation for the evaluation of in vitro anthelmintic activity of 
the EAMA (Goto et al. 1990). Several phytochemical groups 
are mainly responsible for the generation of potential anthel-
mintic activity such as tannins, alkaloids, phenols etc. (Aziz 
et al. 2014). From Fig. 1, it is noticeable that EAMA (25 mg/
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ml and 50 mg/ml) exhibited significant and dose dependent 
(*P < 0.05, vs. control) anthelmintic activity which may be 
due to presence of phytochemical groups such as tannins, 
alkaloids, phenols in EAMA. Tannins and phenolic com-
pounds exert anthelmintic activity because of their ability 
to interfere with energy generation in helminthes through 
uncoupling oxidative phosphorylation or binding ability to 
the glycoprotein on the cuticle of parasite and cause death 
(Lakshmi et al. 2012). It was also reported that, alkaloids 
cause paralysis of the worms due to their action in the central 
nervous system (Roy et al. 2010). Albendazole demonstrated 
anthelmintic activity through flaccid paralysis of the worms 
characterized by increased chloride ion conductance leading 
to hyper polarization and reduced excitability. In addition 
to, it acts as an anthelmintic by reducing the production of 
ATP (adenosine triphosphate) through degenerative changes 
in endoplasmic reticulum and mitochondria required for the 
survival of the worms (Lakshmi et al. 2012; Martin 1985).

In case of anthelmintic activity, previously studied 
articles report that, anthelmintic activity against Indian 
earthworm Pheritima posthuma was shown by aqueous 
plant extracts of A. mexicana. Again, alcohol and aqueous 
extracts of leaves of A. mexicana exhibited dose depend-
ent anthelmintic activity at the concentrations of 6.25, 12.5, 
25, 50, 100 mg/mL against P. posthuma and Ascardia galli 
(Brahmachari et al. 2013). A. mexicana extracts also showed 
anthelmintic activity against Indian earthworm, Pheritima 
posthuma as well as Ascardia galli (Rekha and Vidyasagar 
2014). So, EAMA also showed dose dependent anthelmin-
tic activity in comparison to previous reports although the 
worms and concentrations were different.

Brine shrimp lethality bioassay is broadly used for the 
evaluation of cytotoxic action of crude extracts upon the 
brine shrimp. It is used as an indication of toxicity of the 
plant extracts on the test materials. This method has been 
used for the identification and isolation of plant derived 
antitumor and pesticidal bioactive products (Sahgal et al. 
2010). Figure 2 indicated that, different concentrations of 
EAMA showed varying degree of percent rate of mortality. 
However, cytotoxic activity of EAMA may be due to some 
bioactive compounds like phenolic compounds, flavonoids, 
tannins etc. which are regarded as normal cell differentiation 
promoter, free radical scavenger, hydrogen donor, detoxi-
fication inducer, antioxidant enzymes activator, apoptosis 
inducer, tumor production and proliferation cell inhibitor 
(Firdaus et al. 2013; Kumar et al. 2011).

The previous studies reported that, cytotoxic activity was 
shown by methanol extract of A. mexicana leaves against 
healthy mouse fibroblasts (NIH3T3) and three human can-
cer-cell lines (AGS, HT-29 and MDA-MB-435S) using the 
MTT [3-(4,5dimethylthiazole-2-yl)-2,5-diphenyltetrazolium 
bromide] assay (Brahmachari et al. 2013). Moreover, A. 
mexicana extracts also exhibited cytotoxic activity against 

healthy mouse fibroblasts and three human cancer-cell lines, 
Human nasopharyngeal carcinoma and human gastric cancer 
cell-lines (Rekha and Vidyasagar 2014). So, EAMA showed 
different cytotoxic activity due to the different methods and 
models.

Conclusion

The results of the current study demonstrate that ethanolic 
extract of A. mexicana Linn. aerial parts might possess anal-
gesic, antidiarrheal, antibacterial, anthelmintic and cytotoxic 
activities. Yet, isolation of pure bioactive compounds and 
elucidation of their structures along with specific mecha-
nism of action are required through further investigational 
studies to understand the exact causes of the aforementioned 
bioactivities. Moreover, biological testing for the specific 
compound is being investigated extremely expected to be 
involved in the exhibition of these bioactivities.
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