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Abstract

Purpose: To investigate the toxicity, clinical outcome and anthelmintic effects of M. pudica in vitro and
in vivo.

Methods: Dried leaves of M. pudica were extracted using 70 % methanol cold maceration method.
Acute toxicity inquiry was evaluated using Lorke’s method. Anthelmintic effects were investigated in
vitro using the egg hatch assay and in vivo using Heligmosomoides bakeri experimentally infected adult
albino mice. Coprological and haematological parameters were recorded during the experiment while
the serological analysis and post mortem worm burden were assessed at the conclusion of the
research.

Results: No mortality was recorded in oral acute toxicity test up to a dose of 5000 mg/kg. A probit-log
analysis of the percentage egg hatch of the extract and albendazole gave lethal concentration 50 (LCso)
values of 1.160 and -1.042, respectively. A reduction in worm count was observed in all the extract-
treated groups post mortem, with the maximum extract group having the least worm count (p < 0.05).
Treatment with extract resulted in improvement in the haematological parameters. Serum chemistry
revealed no significant differences (p > 0.05) in alanine aminotransferase and blood urea nitrogen in all
groups. However, a dose-dependent increases in the total protein and albumin was observed.
Conclusion: These results show that although M. pudica has weak anthelmintic effects compared to
albendazole (standard anthelmintic), in vivo and in vitro, at the doses used in this study, nonetheless, it
reduces worm burden and improves haematologic parameters, serum total protein, albumin and overall
weight gain of the treated mice. Thus, increased doses may be effective in anthelmintic chemotherapy.
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INTRODUCTION

chemotherapy and biological
chemotherapy remains the most

control
readily

Among the various means employed in the
control of parasitic infections such as grazing and
pasture management, use of vaccines,

available, widely used and effective means of
control [1]. This has led to the overburdening of
anthelmintics and has precipitated the
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occurrence of resistance in all the classes of
anthelmintics worldwide over the years [2].

The rising trend in anthelmintic resistance and
high costs of anthelmintics has led rural
inhabitants and scientists into the search for
other alternatives especially the use of natural
plants for the treatment of helminthosis
particularly parasitic gastronenteritis (PGE).
Parasitic gastroenteritis has resulted in massive
economic losses in Nigeria and worldwide [3]
and has become a great threat to livestock
production. These losses result from the
consequent morbidity, mortality, cost of treatment
and control.

In many countries including Nigeria, herdsmen
and inhabitants of rural areas use various parts
of plants (leaves, fruits, stem bark or roots) for
the treatment of helminthosis in both animal and
man. Mimosa pudica L. is one out of the
numerous plants used traditionally for their
anthelmintic effects [4]. The plant is an
annual/perennial creeping herb belonging to the
family Fabaceae. It is commonly known as “touch
me not’, “sensitive plants” and “shy plant” in
English language or “touch and die” among the
locals in Nigeria. The plant has been
demonstrated to have other medicinal properties
such as antidepressant, hypoglycaemic, wound
healing, anticonvulsant properties [5]. Mimosa
pudica has also been successfully used in the
treatment of diarrhea, dysentery and urogenital
infections in China, Phillipines, South America
and India [6]. The plant was investigated for
anthelmintic activities in vitro using larvae of
Strongyloides stercoralis [7] and adult Indian
earthworm Pheretima posthuma [8].

Although Mimosa pudica L. Has been reported to
have various medicinal uses very little in vivo
research has been carried out to scientifically
validate its anthelmintic effects, safety levels,
possible side effects and changes in the blood
and serum chemistry picture.

EXPERIMENTAL
Collection and extraction of plant material

Fresh leaves of M. pudica were gathered from
the environs of the University of Nigeria, Nsukka
and presented for identification at the
Bioresource Development and Conservation
Program Centre Nsukka, Nigeria followed by the
deposition of a voucher specimen
(UNVPP/2014/4722/49) at the herbarium of the
Department of Botany, University of Nigeria,
Nsukka.

The leaves were air-dried at 25 °C and
pulverized to a fine powder. Extraction was done
using the cold maceration method with 70%
methanol as solvent [9]. Filtration of the mixture
was done with a Whatman filter paper (No. 1)
and the filtrate concentrated at 30 °C using a hot
air oven. The extract (subsequently referred to as
methanol leaf extract of M. pudica, MLEMP) was
reserved in a refrigerator (4 °C) and the
percentage yield w/w calculated using Eq 1.

X (%) = (Y/Z)100 .......... 1)

where X = yield (%w/w), Y = weight of extract (g)
and Z = weight of starting material (g).

The extract was subjected to phytochemical
analyses according to Trease and Evans [10].

Egg hatch assay

Egg hatch was done using standard procedures
[11] and the inhibition of egg hatch calculated
using Eq 2.

A (%) = (B - C/B)100 ....... )

where A = inhibition of egg hatching, B = total
number of larvae and eggs in a particular well
and C = number of larvae in that well.

Acute toxicity test

Lorke’'s method for testing acute toxicity was
used [12]. Dose ranges of 10 - 5000 mg/kg were
assessed using albino rats.

Experimental parasite and animals

Sixty (60) male albino mice weighing between 28
— 32g were purchased for the experiment. A two
weeks period of acclimatization was allowed
before the commencement of the study.

Study design

Thirty (30) of the mice were distributed randomly
into 6 groups (n = 5) and designated Groups A —
F. Groups A — E were administered 200 Ls
suspended in 0.2 ml of distiled water per os.
After the infection established in the mice that
were orally administered the parasites, groups A
— C served as MLEMP treated groups and
received doses of 2,000 mg/kg, 1,000 mg/kg and
500 mg respectively. Group D remained infected
and untreated, group E received 25 mg/kg b.wt
of a standard anthelmintic (Albendazole) while
group F was uninfected and untreated. Mice in
groups D and F were given 0.2 mL of distilled
water as the control groups.
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The progress of infection and subsequent
disease were monitored through daily clinical
examination, faecal egg count (FEC) and
changes in haematological parameters. At the
conclusion of the experiment (28 days post
infection), the mice were humanely sacrificed
through euthanasia using Chloroform in an
anaesthetic jar. Biochemical parameters and
post mortem worm counts were computed
afterwards.

Ethical statement

The stipulations for the use of laboratory animals
according to the European Laboratory Animal
Science Association and the European
Community Council Directive of November 24,
1986 (86/609/EEC) were complied with in this
research. The experimental protocol was also
approved by the Experimental Animal Ethics
Committee of the Faculty of Veterinary Medicine,
University of Nigeria, Nsukka (approval no. FVM-
UNN-IACUC-2018-021) preceding the
commencement of the research.

Haematological analysis

Blood for haematological scrutiny was procured
from the retrobulbar plexus in the median
canthus of the eye of each mouse. Packed Cell
Volume (PCV), Haemoglobin concentration, red
and white blood cell counts were determined
using standard methods [13,14].

Coprological analysis

The saturated salt solution floatation method and
the McMaster technique were used to obtain the
faecal egg counts [11].

Serum biochemistry

Commercial kits from Randox Laboratories Ltd.,
UK were used as directed in the manufacturer’'s
user manual, to determine serum total protein,
albumin, alanine transaminase and blood urea
nitrogen. Serum globulin was deduced from the
results of the serum total protein and serum
albumin.

Post-mortem worm count

At the conclusion of the experiment, the
experimental mice were euthanized using
chloroform in an anaesthetic jar. They were
subsequently eviscerated and the intestines
obtained. Post mortem worm counts were
determined according to the methods of
Ngongeh et al [11].

Statistical analysis

Data generated from the in vitro study (Egg hatch
assay) were analysed using Probit log regression
analysis, while data from the in vivo study was
subjected to statistical analysis using one-way
analysis of variance (ANOVA). The results are
presented in figures/tables as mean + SD. The
least significant difference test was used to
separate variant means. Probability values <
0.05 were considered significant (SPSS version
15.0).

RESULTS

Extraction and phytochemistry

The extraction yielded 16.39% (w/w) of a
greenish material. Table 1 shows the results of

the phytochemical analysis of MLEMP.

Table 1: Phytochemical constituents of MLEMP

Extract Present (+) or absent (-)
Flavanoids +
Tannins +
Alkaloids +
Starch -
Carbohydrate +
Saponins +
Reducing sugars +

Egg hatch

A probit analysis of the log-dose response of
MLEMP and albendazole on Heligmosomoides
bakeri eggs indicated LCso values of 1.160 and -
1.042 (Table 2 and Table 3).

Table 2: Egg hatch at different concentrations of
MLEMP

Well Concentrations of  Hatch Probit
no. MLEMP (ugml-) (%) (Hatching)
1 1000 0 0

2 500 0 0

3 250 0 0

4 125 0 0

5 62.5 0 0

6 31.25 3.3 3.12
7 15.63 20 4.16
8 7.81 23.3 4.26
9 3.91 26.6 4.39
10 1.95 33.3 4.56
11 0.98 36.7 4.67
12 0.49 36.7 4.67
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Table 3: Egg hatch at different concentrations of
albendazole. Lcso: -1.042

Well Concentration of Hatch Probit

no. Albendazole (%) (Hatching)
(ng/mL)

1 50 0 0

2 25 0 0

3 12.5 0 0

4 6.25 0 0

5 3.125 0 0

6 1.5625 0 0

7 0.7813 0 0

8 0.3906 0 0

9 0.1953 10 3.72

10 0.0977 16.7 4.05

11 0.0488 20 4.16

12 0.0244 26.7 4.39

Acute toxicity

The mice used for the acute toxicity study did not
exhibit any sign of toxicity or death even at the
upper limit dose of 5000 mg/kg per os,
consequently, the LDso of the extract was taken
to be above 5000mg/kg.

Changes in body weight

Body weight of the MLEMP-treated group began
to increase following treatment and maintained a
steady increase comparable to the albendazole
treated group and the uninfected-untreated
group. On the other hand, the infected-untreated
group had a lower live weight at the conclusion of
the research when compared to their pre-
infection live weights. (Figure 1).
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Figure 1: Body weight changes of mice infected with
H. bakeri larvae and treated with graded doses of
MLEMP

Faecal egg count (FEC)

The mean pre-patent period evidenced by the
occurrence of strongyle (H. bakeri) eggs in the

faeces of all the infected mice groups was 8 *
2.0 days (range 6 — 10 days). The outcome of
treatment of the various groups with MLEMP on
faecal egg count is presented in Figure 2.
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Figure 2: Mean faecal egg count of mice infected with
H. bakeri larvae and treated with graded doses of
MLEMP

Post-mortem worm count

The mean post mortem worm counts (PMC) %
SEM of the various groups are shown in Figure
3. Mice in group A (treated with 2,000 mg/kg of
the extract) had significantly lower (p < 0.05)
worm burden than mice in any of the other
extract treated groups. At the end of the study,
adult worms were not present in both the
albendazole (group E) treated and the
uninfected-untreated (F group) groups.
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Figure 3: Mean post -ortem worm count of mice
infected with H. bakeri larvae and treated with graded
doses of MLEMP. *Positive control: Group D (infected
untreated), Negative control: Group F (uninfected
untreated)

Packed cell volume

The changes in the PCV of the mice in the
various groups are shown in Figure 4. The PCV
of all the groups were comparable at day 0 (p >
0.05). However, following infection, a sharp drop
was recorded in all the infected groups (A — E)
from day 4 and this continued up to day 12 post
infection when the lowest values were attained in
all the groups. PCV of the uninfected-untreated
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group remained within their day 0 values without
any significant (p>0.05) changes while the
decline in PCV continued unabated in the
infected-untreated group till the conclusion of the
experiment. Following treatment an increase in
PCV towards the normal pre-infection values in
the treatment groups was observed.
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Figure 4: Mean packed cell volume of mice infected
with H. bakeri and treated with graded doses of
MLEMP

Red blood cell count

Similar to the PCV, the RBCs of all the mice in
groups A — E showed a sharp drop from day 4 to
attain its lowest values by day 12 post-infection
and was significantly lower (p < 0.05) than that of
the uninfected-untreated group (Figure 5).
Following treatment (MLEMP and albendazole),
the RBC counts of groups A — E commenced
recovery to their pre-infection values, while the
RBC of the infected-untreated group continued to
decline till the conclusion of the study and was
significantly lower (p < 0.05) than all the other
groups.
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Figure 5: Mean Red Blood Cell Count (x10%) + SEM
of mice in experimental groups

White blood cell count

The white blood cell count (WBC) of the
experimental animals during the study is
represented in figure 6. An increase in the WBC
count was observed in the infected groups
following establishment of the infection. This
increase became significantly higher than that of
the uninfected-untreated group by day 16 post
infection and remained relatively higher till the
end of the study.

Other haematological parameters such as the
haemoglobin concentration, red cell indices
(MCV, MCH, MCHC) were all indicative of
anaemia in the infected groups and showed an
improvement back to pre-infection values
following treatment with the extract and
albendazole in the respective groups.
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Figure 6: Mean Leukocyte Count (cellss/mm3) + SEM
of mice in experimental groups.

Serum chemistry

The total protein of Group A was significantly
higher (p < 0.05) than those of all the groups
while Group D had the lowest. Mice in Group D
also had significantly lower (p < 0.05) serum
albumin levels than Group A while the rest of the
groups were comparable just as in the Total
protein.

The results of the globulin fraction, blood urea
nitrogen and alanine transaminase were not
significantly different (p < 0.05) in all the groups.
Although the values for BUN and ALT were lower
in the albendazole group, when compared to the
other groups they were not significantly (p >
0.05) different (Table 4).
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Table 4: Mean values of serum enzymes of mice infected with H. bakeri and treated with MLEMP

Group Total protein Albumin Globulin BUN ALT
(g/dL) (g/dL) (g/dL) (mg/dL) (units/L)

A 33.062 (+2.43) 5.882 (+0.65) 27.18 (x2.65) 52.52% (+3.48) 26.84 (+1.19)
B 30.64% (£2.47) 5.75% (+0.39)  24.89 (+2.65) 59.35% (+1.50) 28.86 (+2.41)
Cc 30.64% (+2.26) 55220 (£0.25)  25.12 (+2.42)  56.042 (+4.94) 25.28 (+1.67)
D 26.84° (£1.17) 4.62° (+0.05) 22.21 (£1.17)  57.142 (+2.36) 27.42 (¢5.77)
E 28.1720 (+.99) 4.77%0 (£x0.41)  23.40 (x0.62) 45.12° (+3.72) 19.68 (+1.58)
F 27.892° (+.43) 4.7%° (x0.07) 22.51 (+0.58) 59.22 (+1.07) 27.91 (¢4.15)

“a, b, and c are different superscripts in a row denote significant differences at p < 0.05 probability level. *Group A
2,000mg/kg MLEMP, Group B 1,000mg/kg MLEMP, Group C — 500mg/kg MLEMP, Group D - infected and
untreated, Group E — 25mg/kg Albendazole, Group F — uninfected and untreated

DISCUSSION

Phytochemical analysis of M. pudica revealed
the presence of flavonoids, alkaloids, tannins,
reducing sugars, carbohydrate, and saponin, as
have earlier been reported [8,15]. Various
anthelmintic studies on plant extracts have
attributed the anthelmintic effects of such plants
to the presence of some phytochemical
components like tannins, alkaloids, saponin,
polyphenols, carotenoids, coumarine, cardeno-
lides, triterpenes [16]. Tanniferous plants have
been reported to possess anthelmintic activities
[11]. Alkanoids and saponins contained in plants
have also been shown to contribute to the
anthelmintic activities of such medicinal plants
[17]. Thus, the presence and activities of the
phytochemical constituents such as alkaloids,
tannins and saponins in MLEMP may have been
responsible for the anthelmintic activities
recorded both in vitro and in vivo in this study. In
the acute toxicity study, the mice did not exhibit

twenty times lower than those of the plant
extract. The greater anthelmintic activity of
albendazole compared to MLEMP as observed in
the study can be attributed to its purity. In the in
vivo study using the Heligmosomoides bakeri —
rodent model, a prepatent period of 8 + 2.0 days
(range 6 — 10 days) was recorded. Various
researchers have recorded varying prepatent
periods; Ngongeh et al [11] recorded a prepatent
period of 10 days, Yondo et al [19] recorded 9 —
11 days and 6 — 8 days was observed by Udobi
et al [14]. A steady increase in the FEC was
recorded in all the infected groups (A — E)
following infection. The clearance of the H. bakeri
parasite in the albendazole treatment group (E)
started 2 days post-treatment (pt) and final
clearance was recorded 6 days pt. This is similar
to the reports of Udoha et al [20] who also
recorded total clearance of H. bakeri in mice
treated with 30 mg/kg body weight of
albendazole 6 days post treatment.

any Signs of toxicity such as Changes in Welght loss is one of the major clinical
appearance (rough/ruffied hair coat and manifestations of gastro-intestinal parasitism
drooling), behavior (excitement, depression, [21]. Following treatment in the groups, live

dyspnea/polypnea), diarrhea or death even at the
upper limit dose of 5,000 mg/kg body weight
administered per os. Consequently, the LDso of
the extract was taken to be above 5,000 mg/kg
bw.

Based on the United States Environmental
Protection Agency categorization and the World
Health Organization Acute Hazard ranking [18],
MLEMP was therefore considered ‘not acutely
toxic’. The results of the Probit-log analysis of the
Egg hatch assay of MLEMP in comparison with
the standard anthelmintic, Albendazole gave
LCso values of 1.160 and -1.042 respectively.
This indicated a very low in vitro anthelmintic
effect of MLEMP. A concentration-dependent
inhibition of egg hatch was recorded for both
MLEMP and Albendazole during this study.

Albendazole showed a higher anthelmintic
activity than MLEMP in this study even though
the concentrations of albendazole used were

weights improved while fluctuations were
recorded in the infected untreated group. Weight
gains were recorded by the end of the
experiment in the treatment groups and the
uninfected untreated group when compared to
their baseline pre-infection weights. The increase
in live weight is indicative of the extract’s ability
to reduce the effects of the parasite.

A sharp drop was observed in all the
haematological parameters (packed cell volume,
red blood cell count and haemoglobin
concentration) in the infected groups following
infection. H. bakeri is a haematophagous
nematode and causes blood loss through blood
sucking and haemorrhage from the duodenal
mucosa. The anaemia observed before the
evidence of maturity is most likely as a result of
the haemorrhage and subsequent blood loss
arising from the burrowing and tunnelling of the
third stage larvae into the muscularis of the
intestine [22] where they develop and re-emerge
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into the intestinal lumen as juveniles. The results
of the red blood cell indices (MCV, MCH and
MCHC) were indicative of macrocytic
hypochromic anaemia. The MCV increased
following infection while a decrease in the MCHC
was observed; this is typical of the blood loss
anaemia that accompanies most worm infections
like those due to hookworms. Previous studies
have shown that anaemia is a common feature in
H. bakeri infections [11,23]. The haematological
values of the treatment groups however
improved following treatment probably as a result
anthelmintic effects of MLEMP on the worms and
possible anti-inflammatory and wound healing
activities of the phenols, alkaloids and flavonoids
contained in MLEMP [6,15]. It is likely that the
phenolic compounds (tannin and flavonoids)
were able to counter the inflammation that
usually accompanies gastrointestinal parasitism.

The increase in the leukocyte count can be
attributed to the infection. Parasitic infections
have been reported to elicit leucocytosis
especially an increase in eosinophils [24].

The results of the alanine transaminase (ALT)
and blood urea nitrogen (BUN) suggested that
the extract had no adverse effect on the liver and
kidneys at the given doses. Levels of ALT and
BUN are essential liver and kidney markers; high
level of these enzymes in sera are indicative of
ongoing liver or kidney damage respectively.
Hypoproteinaemia and hypoalbuminaemia were
recorded in the infected untreated group (D). The
loss in the serum proteins observed in this study
in the infected untreated group was attributed to
the blood loss and malabsorption associated with
hookworm infections [25]. The extract was
however able to improve the total protein and
albumin levels (p < 0.05) when compared to the
control groups D and E.

CONCLUSION

The findings from the study indicate a low
anthelmintic efficacy of MLEMP. However, this
level of anthelmintic effect reduced the faecal
egg count and worm burden, and improved the
haematological values and serum proteins of the
treated mice.
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