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Abstract
Background: Datura stramonium L. (Solanaceae) is used traditionally in West Africa to treat asthma,
epilepsy, rheumatoid arthritis, �lariasis microbial infections and conjunctivitis. This study investigated the
immunomodulatory effects of aqueous seed extract of D. stramonium L. (ASEDS) on Wistar rats.

Methods: Following phytochemical analysis of ASEDS and acute toxicity study, thirty Wistar rats of both
sexes (180-200 g) were randomized into 6 groups (n = 5). Rats in groups 1, 2 and 3 served as normal,
negative and standard controls respectively. Immunosuppression was induced using Cyclophosphamide,
10 mg/kg body weight (b.w.) orally for 27 days. Group 2 rats were untreated while Groups 3-6 rats
received 5 mg/kg b.w. Levamisole, 60, 90 and 120 mg/kg b.w. ASEDS orally for 28 days respectively. The
effects of ASEDS on immune cells, immunoglobulins A, G and M levels, lipoproteins, and antioxidant
status of immunosuppressed rats were evaluated.

Results: ASEDS indicated LD50 above 5000 mg/kg b.w. with moderate contents of carbohydrates,
glycosides, saponins, tannins, terpenoids, and high contents of alkaloids, �avonoids and phenols.
Cyclophosphamide triggered signi�cant (p < 0.05) reduction in total leucocyte count and differentials, IgA,
IgG, high-density lipoproteins (HDL), catalase, superoxide dismutase, glutathione peroxidase, vitamins A,
C and E levels of the negative control rats. Treatment with ASEDS led to signi�cant (p < 0.05) increases in
immune cell counts, immunoglobulin synthesis, HDL levels, and antioxidant status of the test groups.

Conclusions: The �ndings demonstrate the immunomodulatory bene�ts of ASEDS and its potential in the
development of potent immunomodulatory drugs.

Background
Immunosuppression is a reduction in the capacity of immune system to respond effectively to antigens
including surface antigens on tumor cells. It can occur as a result of chronic infections, accumulation of
toxic chemicals in the body and exposure to high doses of radiations [1]. According to Hutchinoson and
Geissler [2] immunosuppression has been adopted deliberately as a means of treating autoimmune
diseases and preventing acute graft rejection. Despite these bene�ts, prolonged immunosuppression
would lead to infections, bone marrow suppression, cancer and infertility [3]. Cyclophosphamide is one of
the potent immunosuppressive drugs belonging to the group known as oxazaphosporine [4], and has
been widely investigated for its immunomodulatory effects [5]. The drug when ingested undergoes
extensive metabolism in the liver via the cytochrome P-450 and produces phosphoramide as its active
metabolite. Phosphoramide is an alkylating agent which inhibits DNA replication by irreversibly
interacting with it at number seven atom of guanine base. This interaction causes cell death among
resting and dividing leucocytes and thus leads to impair humoral and cellular immune responses [6].

Medicinal plants are known to have great potential for treatment and management of certain diseases
including those affecting different components of the immune system [7]. One of such plant is Datura
Stramonium L. (Solanaceae) (Fig. 1). It is an annual plant that is native to Asia and Africa [8]. In Nigeria
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especially in Kogi State, it is found growing in abandoned farmlands and dumpsites. It is popularly
known for its narcotic effect as a result called names such as Devil’s apple, Angel’s trumpet and Jimson
weed but its indigenous names include Jegemi in Igala, Myaramwo in Igbo, Gegemu in Yoruba and
Zakami in Hausa tribes of Nigeria. It is used traditionally to treat asthma, epilepsy, rheumatoid arthritis,
�lariasis and as antimicrobials, notably against Staphylococcus aureus, Aspergillus niger and
conjunctival virus [9].

Rapid advances in human civilization have led to the increasing presence of various synthetic chemicals
in the environment. Some of these chemicals and their products are immunotoxins which are capable of
rendering hosts more susceptible to infectious diseases as a result of immunosuppression [10].
According to the World Health Organization (WHO), most antibiotics would lose their antimicrobial action
by the year, 2020 [11]. Consequently, immunomodulation becomes a reliable alternative in the treatment
of diseases particularly those that are immune-mediated since its mechanism can enhance both speci�c
and non-speci�c immunities [12]. Immuno-modulators are substances that can either enhance or
suppress any component of immune system. Examples of immuno-modulators include adjuvants,
vitamins, cytokines and herbs. Jantan et al. [13] de�ned natural immuno-modulators as natural products
of herbal origin called phytochemicals. Therefore, plant-derived substances can be used to modulate an
immunosuppressed system and these substances could be present in the extract of D. stramonium
seeds. This necessitated the study.

Results
Percentage yield of ASEDS

Aqueous crude extraction of 257.6 g of powdered D. stramonium L. seeds yielded 20.35 g of ASEDS,
representing 7.9% of the total quantity of the powdered plant material extracted.

Phytochemical composition of ASEDS

Qualitative phytochemical screening of ASEDS indicated high content of phenols, alkaloids, and
�avonoids, with moderate contents of glycosides, terpenoids and carbohydrates, whereas saponins,
tannins and steroids were present in lower quantities Table 1.

Acute toxicity (LD50) study of ASEDS

Acute toxicity study indicated that ASEDS did not cause any form of toxicity when administered up to a
dose of 5000 mg/kg b.w No death, changes morphological and/or behavioral patterns of the tested mice
was observed. Also, no signi�cant (p > 0.05) changes in body weight of the tested mice in Phases I and II
of the study 24 h post-ASEDS treatment was recorded (Table 2).

Table 1 Phytochemical composition of ASEDS 
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Phytochemicals Qualitative analysis

(Bioavailability)

Quantitative analysis

(mg/g)

Alkaloids +++ 269.05 ± 1.63

Carbohydrates ++ 52.59 ± 0.59

Flavonoids +++ 278.65 ± 0.63

Phenols +++ 396.06 ± 6.56

Glycosides ++ 148.71 ± 1.83

Saponins + 0.76 ± 0.07

Steroids + 2.06 ± 0.10

Tannins + 0.03 ± 0.00

Terpenoids ++ 72.04 ± 21.08

Results are expressed as mean ± standard deviation, n = 3. Highly present (+++), moderately present (++),
scanty (+).

Table 2 The acute toxicity (LD50) pro�le of ASEDS 

Groups Dosage Mortality Behavioral Body weight (g)

  (mg/kg b.w)   Changes Pre-treatment            Post-treatment

Phase 1

Group 1

 

10

 

0/3

 

Nil

 

24.69 ± 0.42 a

 

25.86 ± 0.44 a

Group 2 100 0/3 Nil 26.82 ± 0.53 b 27.98 ± 0.34 b

Group 3 1000 0/3 Nil 26.64 ± 0.19 b 27.03 ± 0.13 b

Phase 2          

Group 1 1600 0/3 Nil 27.37 ± 0.21 c  27.89 ± 0.26 c

Group 2 2900 0/3 Nil 28.24 ± 0.59 d 28.75 ± 0.71 d

Group 3 5000 0/3 Nil 28.84 ± 1.47 d 28.99 ± 1.21 d

Results are expressed as mean ± standard deviation (n = 3); mean values with same lowercase alphabets
as superscripts for each group when compared across the pre- and post-treatment rows are not
signi�cantly different at p < 0.05.
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Effect of ASEDS on immune cells of cyclophosphamide-induced immunosuppression in rats

Table 3 shows the Total leucocyte count of the Negative control (group 2) to be signi�cantly (p < 0.05)
lower when compared to normal control and ASEDS treated groups. The normal control rats recorded
signi�cantly (p < 0.05) higher lymphocyte counts when compared to the negative control and the treated
groups. Dose-dependent increases in leucocytes and lymphocytes count were observed in the ASEDS
treat groups. We also observed a signi�cant (p < 0.05) increase in neutrophils for the negative control
relative to the normal control and the treated groups respectively. Immunosuppression also led to
signi�cant (p < 0.05) declines in monocytes and eosinophils of the negative control when compared to
the normal control. Treatment with ASEDS and standard drug (Levamisole) improved the levels of
monocytes and eosinophils in the test groups. Basophils where not present in the negative control rat
group following cyclophosphamide pretreatment. However, treatment with ASEDS and Levamisole
triggered signi�cant (p < 0.05) increase in basophil count of the test groups.

Table 3  Effect of ASEDS on immune cells of cyclophosphamide-induced immunosuppression in rats

Groups Total Leukocyte
Count (× 109/L)

Differential cell count (%)

Lymphocytes

(%)

Neutrophils

(%)

Monocytes

(%)

Eosinophils

(%)

Basophils

(%)

1 9.98 ± 1.05 a 75.88 ± 1.94
a 

18.02 ±
1.00 a

3.38 ±
1.87 a

2.12 ± 0.87
a

0.60 ±
0.54 a

2 2.30 ± 1.05 b 61.60 ± 3.78
b

34.00 ±
3.39 b

2.20 ±
0.83 b

2.20 ± 0.83
a

0.00 ±
0.00 a

3 9.90 ± 1.56 a 31.60 ± 2.83
c

31.40 ±
1.14 b, c

13.40 ±
1.14 c

22.80 ±
2.68 b

1.40 ±
0.54 b

4 16.12 ± 0.53 c 29.20 ± 4.81
c

57.20 ±
2.65 d

9.60 ±
2.60 d

2.40 ± 1.14
a

1.00 ±
1.00 b

5 18.74 ± 2.75 c, d 38.00 ± 6.20
d

39.20 ±
0.83 e

8.48 ±
0.50 d

2.36 ± 1.46
a

0.40 ±
0.89 c

6 21.40 ± 1.95 d 55.86 ± 2.89
e

28.86 ±
5.09 c

17.04 ±
22.91 e

7.24 ± 2.83
d

1.00 ±
0.00 b

Results are expressed as mean ± standard deviation, n = 5. Mean values with different lowercase
alphabets as superscripts when compared down the groups are signi�cantly different at p < 0.05. 1:
 Normal control; 2:  Negative control; 3:  Positive control; 4: Immunosuppressed + 60 mg/kg of extract; 5:
Immunosuppressed + 90 mg/kg of extract; 6: Immunosuppressed + 120 mg/kg of extract.
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Effect of ASEDS on immunoglobulin A, G and M levels of cyclophosphamide-
induced immunosuppression in rats

The effect of ASEDS on immunoglobulins A, G, and M levels of cyclophosphamide-immunosuppressed
rats is shown in Figure 2. The results indicated signi�cant (p < 0.05) declines in IgA, IgG, and IgM levels of
the negative control relative to the normal control rats. Treatment with graded doses of ASEDS resulted in
signi�cant (p < 0.05) elevation in IgA, IgM and IgG levels with group 4 rats, treated with 60 mg/kg b.w.
ASEDS registering the highest levels of IgA (306.63 ± 9.23 mg/dl). Group 5 rats, treated with 90 mg/kg
b.w. ASEDS recorded highest levels of IgG (259.94 ± 31.68 mg/dl) and IgM (1491.16 ± 26.35 mg/dl)
synthesis post-ASEDS treatment.

Effect of ASEDS on the activities of antioxidant enzymes of cyclophosphamide-
induced immunosuppression in rats

Figure 3 shows the effect of ASEDS on the activities of antioxidant enzymes of cyclophosphamide-
induced immunosuppression in rats. From the data obtained, we observed signi�cant (p < 0.05) declines
in the activities of serum CAT, SOD and GPX following immunosuppression. However, treatment with
graded doses of ASEDS led to signi�cant (p < 0.05) elevations in the activities of these antioxidant
enzymes in all test groups when compared to the negative control.

Effect of ASEDS on antioxidant vitamin concentrations of cyclophosphamide-
induced immunosuppression in rats

The effect of ASEDS on antioxidant vitamin concentrations of cyclophosphamide-induced
immunosuppression in rats is shown in Figure 4. The results indicated signi�cantly (P < 0.05) higher
levels of vitamins A, C and E for the negative control following cyclophosphamide pre-treatment.
Following administration of ASEDS at doses of 60, 90 and 120 mg/kg b.w., we observed signi�cantly (P <
0.05) higher concentrations of the antioxidant vitamins in all ASEDS-treated groups and the standard
control relative to the negative control.

Effect of ASEDS on lipoprotein levels of cyclophosphamide-induced immunosuppression in rats

Figure 5 presents the effect of ASEDS on lipoprotein levels of cyclophosphamide-induced
immunosuppression in rats. Down the groups, the results indicated signi�cant (p < 0.05) increases in
mean serum LDL and HDL concentrations of Groups 3, 4 and 5 rats when compared to the normal control
and negative control. Across the groups, we observed signi�cant (p < 0.05) increases in HDL
concentration when compared to the corresponding LDL concentration.

Discussion
The use of plant extracts in traditional medicine continues to provide therapeutic needs of greater
percentage of world’s population especially in developing countries [14, 15]. D. stramonium is one of such



Page 7/21

valuable plants with rich therapeutic properties, and has been subjected to myriads of uses and
applications due to the presence of secondary metabolites the plant contains [16]. In the present study,
the e�cacy of ASEDS in modulation the effects of cyclophosphamide-induced immunosuppression in
Wistar rats was assessed. According to Farombi et al. [17] several plant-derived compounds have been
identi�ed over the years for their immunomodulatory characteristics. As a result, numerous illnesses can
be alternatively treated via immunomodulation.

The qualitative phytochemical screening of ASEDS showed the presence of alkaloids, �avonoids,
saponins, phenols, glycosides, tannins, terpenoids, steroids and carbohydrates. This agrees largely with
the �ndings of Bano and Adeyemo [18] who reported that the ethanol seed extract of D. stramonium
contains saponins, �avonoids, terpenoids, steroids, carbohydrates, alkaloids, phenols, tannins, fats and
oils. The presence of these phytochemical constituents could be attributed to the geographical location
where the plant material was collected, and solvent used for the extraction of the plant materials [19].
Quantitatively, phenols, alkaloids and �avonoids were of the highest concentration, while the least was
tannins, steroids and saponins (Table 1). This conforms to the results obtained by Sharma and Sharma
[20] in terms of degree of presence of these phytochemicals where they reported high presence of
phenols, moderate contents of alkaloids, �avonoids, terpernoids, glycosides and soluble carbohydrates,
whereas steroids, saponins and tannins were present in low quantities. Some of these phytochemical
constituents have been reported to exhibit stimulatory or inhibitory effect on various components of
immune system. The antioxidant role of phenolic and �avonoids can confer anticancer property of the
extract on the animals [16]. Tannin was reported by Haslam [21] to stimulate phagocytosis in
macrophages and dendritic cells hence the extract could participate in both innate and adaptive immune
responses. The relative high presence of alkaloids can confer antitumor activity and enhance immune
response [22]. Dash et al. [23] reported that �avonoids increase activity of T-cells, cytokines, interleukins,
interferons and macrophages; and are therefore useful in the treatment of several diseases caused by
immune dysfunction. According to Jorrossay and Thelen [24], steroids were the most important
phytochemical constituent that can reinstate a balance the Th1 and Th2 cells, thus can determine the
type of immune response of a system. Carbohydrates could also contribute the immunologic capability
of the system [25], by enhancing the recognition of antigens when they presented. Terpenoids were
reported to possess ability to modulate critical signaling pathways such as nuclear transcription factor
kappa B which helps in prompt synthesis of cytokines [26].

The acute toxicity testing of oral doses of ASEDS in mice revealed that the extract was well tolerated by
the rats’ up dose of 5000 mg/kg b.w. (Table 2). This could be due to ability of the animal to metabolize
the phyto-constituents via cytochrome P450 transformation to non-lethal level within short period of time
hence the extract has a high safety pro�le. The result disagrees with the �ndings of Gidado et al. [27]
which stated that there was a record of death in rats when extract dose above 100 mg/kg was
administered. This could possibly due to the effect of ethanol used for the plant extraction. However, our
�ndings agree with the �ndings of Joshua et al. [28] where up to 400 mg/kg b.w. of the extract was
administered without any record of mortality.
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The determination of total leucocyte and differential count are important markers of immune function. In
this study, the total leukocyte counts of the ASED-treated groups signi�cantly (p < 0.05) increased relative
to the negative control (Table 3). This effect could be mediated by cytokines such as colony stimulating
factor (CSF) 2, a monomeric glycoprotein secreted by macrophages, T-cells, mast cells, natural killer cells,
endothelial cells and �broblasts in response to the presence of xenobiotic. CSF 2 triggers proliferation of
leucocytes by activation of hematopoietic stem cells (HSCs). This shows the ability of ASEDS to
stimulate leukocytosis. The result is consistent with the �ndings of Fatoba et al. [29] who stated that
bucks treated with aqueous seed extract of D. stramonium recorded higher white blood cell counts than
the control except at the highest extract dose. There was a signi�cant (p < 0.05) decrease in total
leucocyte count in the negative control relative to the standard and normal controls, thus validating the
e�cacy of cyclophosphamide has an immunosuppressive drug. Phosphoramide, an alkylating agent
generated by the bio-activation of cyclophosphamide could be responsible for the death of leucocytes as
observed in the negative control [30]. Leucocyte count of the standard control was observed to be similar
to the that of the normal control which demonstrated e�cacy of Levamisole as an immune-booster [31].
This agrees with �nding of Undiandeye et al. [32] who reported an increase in leucocyte count following
treatment of an immunocompromised goat. The increase in leucocyte counts increases the ability of the
host to defend the body against invasion of foreign agents [33].

The lymphocyte counts of Groups 5 and 6 was observed to be signi�cantly (p < 0.05) higher when
compared to the standard control. It was observed that the effect of ASEDS on lymphocyte counts was
dose-dependent (Table 3). This implies that extract has capacity to boost both antibody-dependent and
cell-mediated immune responses since lymphocytes play dominate role in immune responses. However,
the result is contrary to the �ndings of [29] who reported increase in lymphocyte counts with decreasing
extract dosage. Neutrophil counts increased signi�cantly (p < 0.05) in Group 4 compared to the control
groups and other test groups; suggesting that the extract can stimulate cell mediated elimination of
bacterial pathogens because major phagocytes mobilized during bacterial invasion are neutrophils. As
observed, the effect had an inverse dose dependence on other test groups. In other words, low doses of
the extract appeared to stimulate more synthesis of neutrophils than high doses. This also disagrees with
the �ndings of Fatoba et al. [29] where high extract doses stimulated increase in the count of neutrophils.
Monocyte counts in group 6 increased signi�cantly (p < 0.05) compared to all control groups. The extract
therefore can enhance cell-mediated immune responses via phagocytosis and antigen presentation.
Monocyte can differentiate into active macrophages and dendritic cells [34]. Eosinophils count increased
signi�cantly (p < 0.05) in Group 5 compared to normal and negative controls respectively. However, the
eosinophil counts in the test groups showed signi�cantly (p < 0.05) decreased relative to the standard
control. This implies that the mechanism by which Levamisole could have stimulated leucocyte
differentiation to optimize eosinophil levels. This corroborates the �ndings of Undiandeye et al. [32] in
which eosinophils count of the goat treated with Levamisole increased signi�cantly compared with the
normal control.

Immunoglobulins A, G and M are useful markers of immune response. Following cyclophosphamide-
induced immunosuppression in rats, we observed signi�cant (p < 0.05) decreases in the levels of
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immunoglobulins isotypes (IgA, IgG and IgM) of the negative control. Treatment with ASEDS resulted in
signi�cant (p < 0.05) elevations in IgA, IgG and IgM levels (Fig. 2). This effect could due to the ability of
ASEDS to stimulate biosynthesis of interleukin-6 by T helper 2 cells which enhances B-lymphocytes
differentiation into mature plasma cells that secret immunoglobulins. Thus, suggesting the potency of
ASEDS to boost humoral immune responses [35]. Also observed was the fact that IgG level was highest
among the determined immunoglobulin isotypes implying that ASEDS could enhance antibody
dependent cytotoxicity [36].

Aqueous seed extract of D. Stramonium L. has been previously reported to restore altered antioxidant
enzyme activities following cyclophosphamide-induced oxidative stress in rats [28]. In the present study,
induction of immunosuppression following pre-treatment with cyclophosphamide led to signi�cant (p < 
0.05) declines in the activities of SOD, CAT and GPX (Fig. 3). Administration of ASEDS resulted in
signi�cant (p < 0.05) elevation of the antioxidant enzymes activities thereby restoring the normal
antioxidant balance, thus, suggesting the ability of ASEDS to boost the �rst line of defense against
reactive oxygen species (ROS) generated from the bio-activation of cyclophosphamide. The results
disagree with the report of Ogunmoyole et al. [37] who demonstrated that the activities of SOD, CAT and
GPX were depleted by administration of seed extract of D. stramonium L. regardless of the solvent used
for the extraction. Cyclophosphamide induction also resulted in signi�cant (p < 0.05) decrease in the
concentrations of vitamins A, C, and E (Fig. 4). This could be accrued to the increased levels of free
radicals generated as a result of lipid peroxidation induced by acrolein [28]. The decrease in vitamins A, C
and E concentration is consistent with the work of Joshua et al. [28]. Treatment with graded doses of
ASEDS signi�cantly (p < 0.05) increased the concentration of antioxidant vitamins, which could scavenge
free radicals generated by cyclophosphamide. The increased concentration of the vitamin A following
ASEDS treatment shows its ability to enhance innate immunity [38], while vitamins C and E can modulate
both cellular and humoral immune responses [39, 40].

Cyclophosphamide induction led to reduction in the levels of HDL and LDL of the negative control
(Fig. 5). Treatment with ASEDS led to improvements in altered lipid levels. Group 4 rats recorded
signi�cant (p < 0.05) increase in HDL concentration relative to the negative control and other test groups
while Group 6 rats recorded signi�cant reduction in LDL levels. This implies that the integrity of the lipid
layer of the immune cell membrane is being varied as cholesterol component is being removed and
added respectively by HDL and LDL as known transporters of cholesterol in animal body. Consequently,
antigen presentation on the major Histocompatibility (MHC) II of the antigen presenting cells (APCs) and
subsequent recognition by appropriate T-cells would be affected because lipid constitute a greater part of
MHC, suggesting that ASEDS can modulate both cellular and adaptive responses [41]. It was also
observed that HDL-C concentration in each group was signi�cantly higher than the corresponding LDL-C
concentration indicating the extract possesses athero-protective capacity. The results corroborate the
�ndings of Ogunmoyole et al. [37] who revealed that the HDL-cholesterol and LDL-cholesterol
signi�cantly increased in serum, liver and heart homogenates after administration of aqueous extract of
D. stramonium seeds.
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Conclusions
This study con�rmed the immunomodulatory effects of D. stramonium L. From the results obtained,
ASEDS showed potent immunomodulatory effect which could be attributed to the presence of
phytochemical constituents such as alkaloids, �avonoids, terpenoids and saponins which played key
roles in normalizing altered antioxidant enzyme activities and vitamins levels as well as restoring
alterations in lipoproteins levels, and stimulation of leukocytosis and increase in antibody synthesis, thus,
serving as a potential candidate immunomodulatory agent.

Materials And Methods
Materials

Procurement, identi�cation and authentication of plant material

Ripe seeds of Datura stramonium L. (Solanaceae) (Fig. 1), were collected from the plant habitat in
Anyigba, Dekina Local Government Area, of Kogi State, North Central Nigeria, in July 2018. The plant
sample was identi�ed by Prof. M. Adukwu, of the Herbarium of the Department of Botany, Faculty of
Agriculture, Kogi State University, Anyigba, Kogi State, Nigeria. The identity and authenticity of the plant
was also con�rmed with the exact sample deposited in online databases of http://www.theplantlist.org/
and http://www.ipni.org/.

Preparation and processing

The plant seeds were carefully separated from the whole plant, freed from sand and debris, and air-dried
to a constant weight. The dried seeds were pulverized into powdered form, stored in airtight bags prior to
aqueous crude extraction.

Study rodents

A total of twenty (20) adult Swiss mice (24-29 g), and Thirty (30) healthy adult Wistar rats of both sexes
(180-200 g), were procured from the Animal House of the Faculty of Basic Medical Sciences, College of
Health Sciences, Kogi State University, Anyigba, and were be kept in well ventilated laboratory cages.
They were acclimatized to the laboratory environment for a period of seven days under standard
environmental conditions, with a 12 h light/dark cycle. The animals were fed with standard feed pellets
and drinking water ad libitum, and were accorded humane care throughout the period of the experiment,
in line with the regulations and ethical approval of the Ethics and Biosafety Committee of the Faculty of
Biological Sciences, University of Nigeria, with Reference No. UNN/FBS/EC/1046, and in accordance with
the International ethical guidelines for care and use of laboratory animals [42].

Drugs, chemicals and reagents
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All chemicals and reagents used for the conduct of this study were of analytical grade. Drugs used were
purchased from reputable pharmaceutical outlets in Lokoja, Kogi State, Nigeria. Freshly prepared
phosphate buffer at pH 7.4 and normal saline were used for the study. Distilled and deionized water were
obtained from the National Centre for Energy Research and Development (NCERD), University of Nigeria,
Nsukka. Hydrogen peroxide (Interstate Chemical Co. Hermitage, PA), Bovine serum albumin (BioClot
GmbH), Phosphotungstic acid (CDH Fine Chemicals, India). Orthophosphoric acid (Prime Chemicals,
Gujarat, India). Ascorbic acid, oxalic acid, batophenanthroline, sodium hydroxide, iron (III)
chloride, petroleum ether and ethyl acetate (Sigma Aldrich, St. Louis, MO, U.S.A.). Chloroform, methanol,
ethanol, sulfuric acid, and hydrochloric acid (British Drug House, England). Fehling’s solutions A and B
(Sisco Research Lab., India). Xylene (Shantou, Guangdong, China). Cyclophosphamide was purchased
from Cadila Healthcare Limited, Marketed by Zydus Oncosciences, Baxter Oncology, Frankfurt Germany.
Levamisole (47.3 mg) was purchased from Ecomed Pharma Limited, Ogun State Nigeria. Glutathione
peroxidase (GPX) activity assay kit was obtained ‘Ready to use’ from Cayman Chemical, Ann Arbor,
Michigan, USA. The kits for High-density lipoprotein (HDL) and Low-density lipoprotein (LDL) were
products of Prestige diagnostics, Geigorim Co Antrim, United Kingdom. Catalase (CAT) and superoxide
dismutase (SOD) assay reagent kits were procured from Randox Laboratories Ltd., United
Kingdom. Immunoglobulins A, G, and M ‘Ready to use’ assay kits were procured from Weiner’s Laboratory,
California, U.S.A.

Methods

Crude plant extraction

Crude plant extraction was carried out according to the method of Sofowara [43] with slight
modi�cations. A known weight, 257.6 g of the powdered seeds were soaked in 2567 mL liters of distilled
water and allowed to stand for 48 h at room temperature. The mixture was then �ltered using a vacuum
pump, and the �ltrate was lyophilized to yield 20.35 g of the aqueous seed extract of D. Stramonium
L. (ASEDS). The percentage yield of ASEDS was determined using the formula given below.

Phytochemical analyses

The phytochemical screening of ASEDS was carried out using the methods of Harborne [44], and
Pearson [45].

Determination of LD50 of ASEDS

The acute toxicity was conducted in accordance to the method of Lorke [46]. The study was conducted in
two phases using a total of twenty (20) male Swiss mice of (24-29 g). In the �rst phase, 9 mice are
divided into three groups of 3 mice each. Groups 1, 2 and 3 animals were orally administered 10, 100 and
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1000 mg/kg body weight (b.w.) of ASEDS respectively; while a mouse used as the control was as only
administered physiological saline. In the second phase, 1600, 2900 and 5000 mg/kg b.w. of ASEDS were
administered orally to the remaining nine mice respectively. A mouse served as the control. The treated
mice were observed for 24 h for signs of acute intoxication as well as mortality.

Induction of immunosuppression

Immunosuppression in Wistar rats was induced according to the protocol of Joshua et
al. [28]. Accordingly, 10 mg/kg b.w. of Cyclophosphamide was administered orally for 27 days to induce
immunosuppression in designated rat groups.

Experimental design

The experimental design of Kyakulaga et al. [47] as modi�ed, was adopted. Thirty (30) rats were divided
into six groups of 5 rats each. Group 1 served as normal control and received 1 mL/kg b.w. distilled water
throughout the duration of the experiment. Group 2 served as negative control and was pretreated with 10
mg/kg b.w. Cyclophosphamide orally for 27 days followed by 1 mL/kg b.w. distilled water given orally for
28 days’ post treatment. Group 3 served as standard control, and were pretreated with 10 mg/kg b.w.
Cyclophosphamide followed by 5 mg/kg b.w. of Levamisole [32]. Groups 4, 5 and 6 made up the ASEDS
test groups. Rats in these groups were orally pre-treated with 10 mg/kg b.w. Cyclophosphamide for 27
days, followed by 60, 90, and 120 mg/kg b.w. of ASEDS respectively, administered orally for 28 days.
Thereafter, the rats were fasted overnight, and euthanized by cervical dislocation prior to sacri�ce on day
29 [48]. Fresh blood samples were collected via cardiac puncture and emptied into neatly labeled plain
tubes. Serum was obtained by centrifugation at 3000 rpm for 10 minutes, and stored in the refrigerator
for subsequent biochemical analyses.

Determination of biochemical indices

Total leucocytes and differential cell counts were determined using an automated hematology analyzer
(URIT-330) based on Coulter’s method as described by Robinson [49] Serum catalase activity was
assayed according to the method of Sinha [50]. Superoxide dismutase activity was assayed by the
inhibiting of auto-oxidation of epinephrine, using the protocol of Pajovic et al. [51]. Glutathione
peroxidase activity was assayed according to the method of Paglia and Valentine [52] as described by
Ekpo et al. [48]. The concentration of serum Vitamin A was determined by the method of Rutkowski et
al. [53]. Serum vitamin C concentration was determined by the method of Rutkowski et al. [54], while
serum vitamin E concentration was determined by the method of Rutkowski et al. [55]. High density
lipoprotein concentration in serum was determined according to the method described by Kameswara et
al. [56], while Low-density lipoprotein concentration was determined by the method of Arsman et al. [57],
using an Auto-analyzer (URIT-810). 

Determination of serum immunoglobulin A, G and M concentrations
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Serum immunoglobulin A, G, and M concentrations were determined according to the method of Pressac
et al. [58]. The method is based on the principle that immunoglobulin reacts with speci�c antigen to
generate insoluble immune complexes. The turbidity of the complexes is directly proportional to the
immunoglobulin concentration in the sample which can be measured using a spectrophotometer. Brie�y,
a calibration curve was drawn from serial dilutions of the calibrator protein in saline solution at 1:10,
1:20, 1:40, 1:80, and 1:160 using saline solution as zero point. 40 µL of diluted calibrator protein was
mixed with 900 µL of Reagent A (buffered saline solution). The mixture was homogenized and the
absorbance of the dilutions were measured at 340 nm as OD1, after calibrating the instrument to zero
with distilled water as blank. An aliquot of 160 µL of Reagent B (antibody monospeci�c anti-IgA, IgG, or
IgM) was then added to the mixture and incubated at room temperature for 30 min. The absorbance of
the reacting mixture (OD2) was measured against the blank. The difference in absorbance (OD2 - OD1) for
each calibrator protein dilution, including the zero point was calculated. A plot of calibrator protein
concentrations in mg/dl against the differences in absorbance was plotted. For the sample, an aliquot of
10 µL was mixed with 100 µL of saline solution to achieve a 1:10 dilution. Thereafter, 40 µL of the diluted
sample was mixed with 900 µL of Reagent A. The mixture was homogenized and the absorbance of the
dilution was measured at 340 nm as OD1 using distilled water as blank. Thereafter, 160 µL of Reagent B
was then added to the mixture and incubated at room temperature for 30 min. The absorbance of the
reaction mixture (OD2) was measured against the blank. The differences in absorbance was determined,
and the concentration of immunoglobulin A, G, and M respectively, in the serum (mg/dl) was determined
from the standard calibration plot.

Statistical analyses

The data obtained from the study were analyzed using IBM Statistical Product and Service Solutions
(SPSS) version 21.0 (Chicago, IL), and GraphPad Prism version 7.0. Signi�cant differences in the means
were established by the one-way analysis of variance (ANOVA), post hoc multiple comparison, Duncan
homogenous subset, and Turkey multiple comparison test. Student’s t-test was used to compare mean
body weights in the acute toxicity study. The results were presented as mean ± standard deviation of
replicate measurements. Mean values with p ≤ 0.05 were signi�cantly different.

Abbreviations
ASEDS: Aqueous seed extract of Datura stramonium; HDL: High-density lipoprotein; LDL: Low-density
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stimulating factor; WHO: World Health Organization.
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Figure 1

Datura stramonium L. plant, fruits and seeds

Figure 2

Effect of ASEDS on immunoglobulin A, G and M levels of cyclophosphamide-induced
immunosuppression in rats.
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Figure 3

Effect of ASEDS on the activities of antioxidant enzymes of cyclophosphamide-induced
immunosuppression in rats.

Figure 4
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Effect of ASEDS on antioxidant vitamin concentrations of cyclophosphamide induced
immunosuppression in rats.

Figure 5

Effect of ASEDS on lipoprotein levels of cyclophosphamide-induced immunosuppression in rats
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