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Abstract: Piper nigrum and Allium sativum have 

been recognized as spices and a rich source of 

natural compounds which possess interesting and 

diverse pharmacological activities. The 

immunomodulatory activities of these reputed 

spices were evaluated using different experimental 

models, such as delayed type hypersensitivity test, 

carbon clearance test, cyclophosphamide induced 

myelosuppression, humoral antibody response and 

hemolytic complement fixation assay. Aqueous 

extracts of the spices of Piper nigrum (APN) and 

Allium sativum (AAS) were prepared from the 

commercially available ground spices and their 

immunomodulatory potentials evaluated. The oral 

treatment with APN or AAS (100, 200 or 400 

mg/kg) evoked a significant (p < 0.05) increase in 

carbon clearance at all doses and potentiated the 

delayed type hypersensitivity response induced by 

sheep red blood cells (SRBC) compared to the 

untreated mice except AAS,100 mg/kg. Following 

short-term oral supplementation with APN or AAS 

(200 or 400 mg/kg), total lymphocytes, neutrophils 

and lymphocyte count increased significantly (p < 

0.05) at all doses, indicating that mice were 

protected from cyclophosphamide induced 

myelosuppression. The hemolytic activity of the 

complement protein and sensitized SRBC were 

significantly (p < 0.05) inhibited at all doses of APN 

and AAS except at 62.5µg/ml. Furthermore, the 

extracts produced significant (p < 0.05) high titres of 

total ovalbumin-specific or tetanus-specific IgG1 

and IgG2A compared with the untreated control.  

These results suggest that the extracts of Piper 

nigrum (APN) and Allium sativum (AAS) may be 

useful as potential sources of natural 

immunomodulatory agents with immunostimulatory 

effects 
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INTRODUCTION 

Piper nigrum (black pepper), which is also known 

as the king of spices, is one of the most widely used 

spices in the world. Aside from its remarkable role 

as a spice and flavouring agent in the human diet, it 

has also been used for its medicinal value as a 

preservative, biological pest control agent (Sharma 

et al., 2018) and in the prescriptions of Ayurvedic 

medicine. P. nigrum has a spicy tang which is due to 

its most important and well-researched compound, 

piperine, a bioactive naturally occurring alkaloid. 

Most of the beneficial health and therapeutic effects 

of P. nigrum has been attributed to this alkaloid 

(Gorgani et al., 2017). Some of the major 

pharmacological effects of piperine that have been 

widely explored includes its effects on the 

neuromuscular system, sedative effect, 

anticarcinogenic, anti-asthmatic, stimulatory, 

hepatoprotective, anti-inflammatory, antimicrobial, 

antioxidant, antiulcer (Arcaro et al., 2014; Meghwal 

and Goswaini, 2013; Nurul et al., 2018). Other 

notable pharmacological activities exhibited by P. 

nigrum and its isolated constituents are insecticidal, 

larvicidal, antimicrobial, digestive properties, 

analgesic, antipyretic, anticancer, antidiarrheal, 

antihypertensive antithyroid, antidepressant (Bang 

et al., 2009; Ahmad et al., 2012; Dumanhouri and 

Ahmad, 2014; Vasavirama and Upender, 2014; 

Moreno et al., 2017; Wang et al., 2017; Dirgha et 

al., 2018; Sharma et al., 2018; Swathy et al., 2018). 

Allium sativum L. (garlic) is another commonly used 

spice. It belongs to the Alliaceae family and is the 

second most widely consumed bulb after onion 

(Kuete, 2017). A. sativum has a widespread 

distribution in temperate and tropical regions of the 

world, including central Asia and Africa (Tayebeh 

et al., 2018). It is characterized by a high production 

of organosulfur compounds that possess interesting 

biological and pharmacological properties (Rodrigo 

et al., 2015). Such pharmacological beneficial 

effects attributable to its organ sulphur contents 

include cardioprotective, anticarcinogenic, anti-

inflammatory, anti-infectious (Mouna et al., 2018; 

Rodrigo et al., 2015), antifungal, anticancer, 

antiviral, antibacterial and immunomodulatory 

effects (Iciek et al., 2009; Chandrashekar and 

Venkatesh, 2016; Tayebeh et al., 2018). 

It is now widely recognized that the modulation of 

the immune system by the suppression or 

stimulation of the immune responsiveness of an 

organism against invading antigens through 

induction, expression, amplification or inhibition of 

the response could provide an alternative to 

conventional therapy for diverse diseases (Nimrata 

et al., 2016; Rama, 2018; Joo et al., 2017; Shah et 

al.,2022). The immune system is a remarkably 

sophisticated and major defence mechanism evolved 

in an organism to protect against foreign invaders 

and eliminate diseases (Shruthi et al., 2017). In  

 

phytomedicine, immunomodulation using medicinal 

plants is a novel approach which can enhance the 

host defence mechanism (Shruthi et al., 2017). 

Numerous medicinal plants and plant-based drugs 

have been used in the treatment of various diseases 

due to their rich bioactive component with 

immunomodulatory potentials, abundant 

availability, relatively cheaper cost and nontoxic 

nature compared to modern medicine (Njoku et al., 

2017; Basavray and Milind,2018; Shi et al., 2021). 

Culinary herbs and spices are plant products which 

are mostly used for seasoning and flavouring. They 

have also been shown to possess promising 

medicinal properties which are well documented 

(Aliyu et al., 2008; Otunola, 2022). Among such 

popular spices are Allium sativum and Piper nigrum. 

Not much scientific data is available on the 

immunomodulatory effects of these spices. Hence, 

this research was focused on the in vivo evaluation 

of the immunomodulatory activities of the crude 

aqueous extracts of the two spices in mice.  

MATERIALS AND METHODS 

Collection of spices 

Allium sativum (Garlic) and Piper nigrum (Black 

pepper) ground spices were purchased from Eke-

Awka market in Awka.  

Aqueous extraction of spices 

 

Aqueous extracts of both spices were prepared by 

maceration for 3 h with distilled water heated 

continuously to 400C and stirred at 30 mins intervals. 

The extracts were allowed to cool and filtered 

through Morcelain cloth and thereafter through 

Whatman No. 1 filter paper. The aqueous test 

extracts of Allium sativum (AAS) and Piper nigrum 

(APN) were then stored in aliquots at -20 0C for 

further use. Preliminary phytochemical tests were 

carried out using previously described standard 

procedures (Evans, 2009; Harborne, 1998). 

Animals 

 

This study was conducted using Adult Swiss albino 

mice (20-30g), procured from the laboratory Animal 

Facility at the Nnamdi Azikiwe University, Awka. 

The animals were housed in the institutional animal 

facility under standard conditions 25 ±2 oC, relative 

humidity of 50±5 %, and a 12 h light/dark cycle, and 

had access to standard pellets (Livestock Feed PLC, 

Lagos, Nigeria) and tap water ad libitum.  All mice 

were acclimatized for 1w before the experiments. 

The use and care of laboratory animals in the study 

were in accordance with ethical guidelines contained 

in the European Union Directives for the Protection 

of Animals used for Experimental and other 
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Scientific Purposes (EU Directive: 2010/63/EU) of 

2010. 

Acute toxicity (LD50) test  

The acute toxicity (LD50) of AAS and APN was 

estimated in mice by the oral route using the method 

of Lorke (1983). In the first phase, the toxic dose 

range was determined. The mice were placed in 

groups and AAS or APN (10, 100, or 1000 mg/kg) 

was administered by oral gavage. The treated mice 

were then monitored for 48 h for toxicity and 

mortality. In the second phase, four different doses 

of AAS or APN (1600, 2900, 3600 and 5000mg 

extract/kg body weight) were administered orally 

based on the earlier outcomes. The mice were then 

observed for lethality and signs of acute intoxication 

for 24 h.  

Experimental protocol and design 

The animals were randomized into eight (8) groups 

of six (6) animals each in the experiments for the 

assessment of immunomodulatory activities as 

follows; 

Group 1: received commercial pellet diet and 

distilled water (negative control) 

Group 2: received 100 mg/kg of Noni(R) (a known 

immune booster Morinda citrifolia Good ‘N 

Natural, Ronkonkoma, NY) (positive control) p.o. 

Group 3: received 100 mg/kg of the aqueous extract 

of A. sativum (AAS) p.o. 

Group 4: received 200 mg/kg of the aqueous extract 

of A. sativum (AAS) p.o. 

Group 5: received 400 mg/kg of the aqueous extract 

of A. sativum (AAS) p.o. 

Group 6: received 100 mg/kg of the aqueous extract 

of P. nigrum (APN) p.o. 

Group 7: received 200 mg/kg of the aqueous extract 

of P. nigrum (APN) p.o. 

Group 8: received 400 mg/kg of the aqueous extract 

of P. nigrum (APN) p.o. 

 

Preparation of antigen 

 

Sheep red blood cells (SRBC) were collected and 

washed three times in large volumes of pyrogen-free 

0.9 % normal saline. The cells were adjusted to a 

concentration of 0.1ml containing 1×109 cells for 

immunization and challenge. 

The effect of AAS or APN on delayed type 

hypersensitivity (DTH) response in mice 

 

Delayed hypersensitivity reaction was induced in 

mice using SRBCs as antigen. The mice were treated 

according to the experimental schedule with either 

AAS or APS (100, 200, or 400 mg/kg) or Noni(R) 

(100 mg/kg) or distilled water daily for 5 d.  On day 

5, mice in all groups were primed (i.p.) with an 

injection of 0.1 ml of 1×109 cells of sheep red blood 

cell (SRBC; Animal house, Faculty of 

Pharmaceutical Sciences, Nnamdi Azikiwe 

University, Awka, Nigeria). Treatments were 

continued for 14 d. The mice were sensitized with 

the same antigen at the end of day 14and treatments 

continued.7 days after the challenge, the thickness of 

the left hind footpad was measured using a standard 

vernier calliper and the mice received a booster 

immunization through an injection with 1 x 109cells 

SRBCs in the right hind footpad. The sensitized 

right footpad thickness was measured again after 24 

hours of challenge. The difference between prior and 

post challenge footpad thickness was reported as 

DTH response and expressed as mean percent 

thickness/edema (Sneha et al., 2017). 

The effect of oral AAS or APN supplementation 

on phagocytic activity  

 

The in-vivo phagocytic activity of the 

reticuloendothelial system in mice using AAS or 

APN was determined using the carbon clearance test 

as previously described by Oumar et al (2017) with 

modification. Mice were treated according to the 

experimental schedule for 10 d. A single intravenous 

injection of colloidal carbon suspension (1:50 

dilution of Indian ink; Hi-Media Laboratories Pvt. 

Ltd, Mumbai, India) at 5 ml/kg body weight was 

administered to all mice, 48 hours after the last dose 

via the tail vein. Blood samples were drawn from the 

retro-orbital venous plexus before injection (0 min) 

and 15 min after injection of the carbon clearance. 

Each blood sample (50 µl) was lysed with 4ml of 0.1 

% sodium carbonate (Na2CO3) solution and the 

optical density (OD) of the lysed sample was 

measured spectrophotometrically at 660 nm in a 

UV-2102 PC_ spectrophotometer (Unico, Shanghai, 

China). The phagocytic index was then calculated as  

k = ([ln OD0 min] - [ln OD15 min]) / [t15 min - t0 min] where 

OD15 min and OD0 min are the optical densities at time 

t15 min and t0 min, respectively. 

The effect of oral AAS or APN supplementation 

on cyclophosphamide-induced myelosuppression 

in mice 

 

The mice received treatment as scheduled 

respectively for 10 d. On day 10, baseline total 

leukocytes, total neutrophils and total lymphocyte 

counts of the mice were determined by collecting 

blood through the retro orbital plexus of the mice. 

On days 11, 12, 13, a neutropenic dose of 

cyclophosphamide (30 mg/kg i.p.) was administered 

to compromise the immune system of the mice, one 

hour after treatment with the extracts, Noni(R) or 

vehicle. Blood samples were then collected by retro-

orbital puncture on the 14th day. Haematological 

parameters were determined for total leucocyte 

count (TLC) and differential leucocyte count (DLC) 
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(Lymphocytes and neutrophils). Total and 

differential white blood cell values in the treated 

groups were compared with the control groups 

(Verma et al., 2012). 

The effect of oral AAS or APN on antibody 

responses to tetanus toxoid and ovalbumin 

antigens 

The effect of AAS and APN on humoral immune 

responses was determined in mice in two separate 

experiments using ovalbumin (OVA) or tetanus 

toxoid (TT) as the antigen in a homologous prime-

boost strategy. Briefly, mice were randomized into 

groups as shown in the treatment design for use in 

these studies. All the mice were immunized and 

challenged respectively on day 5 and 20 with 100 µg 

OVA/mouse (50 µl/footpad) or 0.1 ml of tetanus 

toxoid/mouse injected into their hind footpads. All 

mice were bled by retro-orbital venous puncture on 

day 19 for primary immune response and also 

sampled on day 26 (7 d post-booster- secondary 

immune response). Sera samples recovered each 

time were used for the determination of host primary 

and secondary humoral responses using ELISA (see 

below). 

Determination of antibody titre by ELISA 

 

The antibody titres elicited against OVA in the 

treated and control groups were estimated by 

enzyme linked immunosorbent assay. Flat bottom 

polystyrene plates were coated with 2 µg of OVA or 

TT in 100 µl bicarbonate-coating buffer (pH 9.6) 

and incubated overnight at 4 oC Unbound OVA or 

TT was then washed off with ELISA wash buffer 

(PBS-T; containing 0.05% Tween-20 in 0.15 M 

phosphate-buffered saline [PBS, pH 7.2]). Non-

specific binding was blocked by the addition of 100 

µl of 5 % fat free milk in phosphate buffer saline 

(BSA; Sigma, St. Louis, MO) in PBS to each well 

and the plate was incubated for 1 h at room 

temperature (RT). The wells were then washed again 

with PBS-T before the serum (100 µl), diluted with 

2 % fat free milk in phosphate buffer saline (1:20), 

and was added to dedicated wells. The plates were 

incubated 1 h at 37oC before unbound serum 

proteins and other constituents were washed off 

using PBS-T. To assess the antibody titre, 100 µl 

horseradish peroxidase (HRP)-conjugated goat anti-

mouse total IgG, IgG1, or IgG2a secondary 

antibodies (BD Bioscience, Heidelberg, Germany) 

were added (each at 1:1000 dilution) to dedicated 

wells in the plates and the plates were then incubated 

another 1 h at RT. Thereafter, the unbound 

conjugates were washed off with PBS-T and 100 

µl/well of freshly prepared 2,2-azino-bis-3-

ethylbenzothiazoline-6-sulpuriic acid solution 

(ABTS) substrate was added. The plate was 

incubated at RT for 30 min before the reaction in 

each well was stopped by the addition of 100 µl of 

peroxidase stop solution (Kirkegaard & Perry 

Laboratories, NC., KPL, Gaithersburg, MD). The 

color developed in each well was assessed at 540 nm 

using an automatic Thermomax® ELISA Plate 

Reader (Molecular Device, Sunnyvale, CA). The 

mean absorbance value of the sera samples for each 

treatment group (assayed in duplicate) was then 

calculated. Sera samples from naive mice that 

received neither extract nor immunized with any 

antigens were also included in the ELISA to monitor 

for non-specific background signals (Beck and 

Spiegelberg, 1989). 

Haemolytic complement fixation assay 

 

The effect of AAS or APN on the haemolytic 

activity of the complement system through the 

classical pathway was investigated in vitro by a 

modified micro titre assay method (Garbacki et al., 

1999; Nworu et al., 2008).  

Sheep red blood cell was obtained from a female 

sheep and was washed 3 times using normal saline 

by centrifugation. A 0.1ml of 1 × 109 cells solution 

of the washed SRBC was injected into the rat 

intraperitoneally (i.p) and it was noted as day zero. 

On the 14th day, the rat was given the second 

immunization. Seven days after the last 

immunization, blood samples were collected 

through retro-orbital vein and it was centrifuged to 

obtain the serum, the serum was used as antisheep 

antiserum. 

A 1:10 dilution of sheep red blood cells (SRBC) and 

veronal buffer was incubated at 37°C for 30 min 

with an equal volume of rat antisheep antiserum that 

was obtained from the immunized rat (1:1000 

dilution).1mg/ml of both extracts was prepared in 

distilled water and serially diluted two-fold in 0.5ml 

of Veronal buffer solution. Four different 

concentrations of each test sample were obtained in 

triplicate test tube. Thereafter, a 0.5ml of 1:20 

dilution of fresh guinea pig pooled serum in veronal 

buffered saline was added to each tube. After pre-

incubation at 370C for 30 min, a 0.5ml of the 

suspension of the sensitized SRBC (1 × 109) was 

added. Tubes were incubated at 37 °c for 1 hour and 

the reaction was stopped by centrifugation at 1500 × 

g for 5 min. A 0.5 ml aliquot was drawn from each 

tube and mixed with 2 ml of distilled water and the 

degree of haemolysis was measured 

spectrophotometrically at 541nm. Control in this 

assay consisted of similarly treated incubates in 

which samples (0 % stimulation) were omitted. The 

effect of the treatment on the hemolytic activity of 

complement was calculated. 

Statistical analysis 

 

All results were expressed as mean± standard error 

of mean (SEM). Data were analysed by one-way 

analysis of variance (ANOVA) using GraphPad 
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Prism Software (Version 7.0). Differences between 

mean observations were considered significant at p 

values < 0.05.  

RESULTS  

 

Acute toxicity test 

The oral administration of APN caused no death or 

no signs of acute intoxication at doses up to 5000 mg 

kg-1 while the oral LD50 of AAS was calculated as 

3633 mg/kg. 

Effect of oral AAS or APN supplementation on 

delayed-type hypersensitivity response in mice 

The potential efficacy of the APN extract on cell-

mediated immunity was evaluated by DTHT 

response to SRBC. Pre-treatment of the APN 

showed a significant dose related increase in footpad 

thickness (p < 0.05) at all doses when compared to 

the DTHT response of the untreated negative control 

group.  Percentage increase in footpad oedema in 

mice treated with APN 200 and 400 mg/kg doses 

were 60.13 and 64.00 % respectively compared to 

the corresponding untreated negative control group, 

37.39 %. The increases in footpad thickness in the 

treatment groups at all doses were statistically 

significant (p < 0.05) and comparable to the group 

that received the standard drug, Noni (100 mg/kg), 

61.34 %. The DTH response to SRBCs, showed a 

dose-dependent increase due to the treatment with 

AAS. With doses of 200 and 400 mg/kg/day of 

AAS, the DTH response was 0.23±0.01123 and 

0.24±0.01871, respectively, in comparison with 

corresponding value of 0.13±0.00860 for the 

untreated negative control group. The differences in 

DTH response were statistically significant (p < 

0.05). The results of DTH responses are shown in 

Figure 1. 

 

Effect of AAS or APN on phagocytic index of 

reticulo-endothelial system using carbon 

clearance Assay 

 

The rate of carbon clearance in mice was used as an 

index of the phagocytic ability of macrophages to 

evaluate the effect of APN and AAS on phagocytic 

activity as shown in Figure 2. 

Test animals treated with AAS extract showed a 

significant (P < 0.05) dose-dependent increase in the 

phagocytic index when compared to the negative 

control. Elevations were observed in the phagocytic 

index at all doses of AAS extract (100, 200 and 400 

mg/kg) as 0.00850±0.00038, 0.00939±0.00020 and 

0.01996±0.00089 respectively.  

The phagocytic index for APN extract was 

significantly high (p < 0.05) at 100 mg/kg 

(0.00899±0.00011), 200 mg/kg (0.00957±0.00017) 

and 400 mg/kg (0.02157±0.00120) dose levels as 

compared to negative control group. The standard 

drug, Noni (100 mg/kg) showed a higher phagocytic 

index of 0.01701±0.00093 which was statistically 

significant (p < 0.05) compared to the negative 

control group. 

The effect of AGL or MGL supplementation on 

differential white blood cell counts using 

cyclophosphamide induced leukopenia test 

 

Pre-treatment with APN and AAS before 

cyclophosphamide administration showed a 

significant protection against cyclophosphamide-

induced neutropenia when compared with the 

control group. The results are given in the figure 3. 

Administration of the extract AAS (100, 200 and 

400 mg/kg) or APN (100, 200 and 400 mg/kg) 

Significantly (p < 0.05) ameliorated the 

cyclophosphamide induced immunosuppression of 

Total leucocyte count (TLC) in mice by as much as 

61.60 %, 43.98 %, 20.55 % and 59.79 %, 43.58 %, 

19.28% respectively. These results were comparable 

with the amelioration in mice administered the 

standard drug, Noni, 36.12 %. 

In the same vein, treatment with APN and AAS 

remarkably attenuated the cyclophosphamide 

induced immunosuppression of lymphocyte and 

neutrophils levels as comparable with the positive 

control group that received the standard drug. 

Treatment with AAS (400 mg/kg) and APN (400 

mg/kg) caused significant elevations in neutrophil 

and lymphocyte levels by as much as 33.58 %, 29.9 

% (neutrophils) and 11.04 % and 16.39 % 

(lymphocytes) as compared to the negative control 

group of mice that received only cyclophosphamide. 

Effect of AAS and APN oral supplementation on 

humoral antibody induced by ovalbumin or 

tetanus toxoid 

 

Total IgG and IgG1 levels varied amongst test 

animal group and control animals. Administration of 

AAS and APN showed a significant increase in the 

serum immunoglobulin levels when compared with 

the control. Short term daily oral administration of 

AAS (100, 200 and 400 mg/kg body weight) 

followed by a homologous prime boost 

immunization with ovalbumin caused significantly 

(p < 0.05) higher titres of OVA-specific IgG1 

(Figure 4a) and IgG2a (Figure 4b) in the sera of 

immunized mice compared to the negative control 

mice. The secondary antibody levels developed 

against OVA-specific antigen in immunized animals 

that received daily oral supplementation of AAS 

(100 and 400 mg/kg) or APN (400 mg/kg) was more 

than two-fold higher. The increases in antibody 

responses were similar to that elicited by the group 

that received daily oral administration of the 

standard drug, Noni(R). Similarly, daily oral 

supplementation with AAS or APN caused a 

remarkable increase in TT-specific IgG1 (Figure 4c) 
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and IgG2a (Figure 4d) in the sera of mice also 

immunized with TT in a homologous prime boost 

schedule. Administration of 400 mg/kg AAS 

increased TT-specific IgG1 from 0.644 (± 0.0041) 

to 1.430 (± 0.0188) and OVA-specific IgG2a from 

0.672 (±0.0109) to 1.411 (±0.0053) respectively. 

Also, administration of 400 mg/kg APN increased 

TT-specific IgG1 from 0.627 (±0.0023) to 1.361 

(±0.0143) and OVA-specific IgG2a from0.655 

(±0.0048) to1.388 (±0.0141) respectively. The 

results at all doses were statistically significant (p < 

0.05) compared to the negative control. 

 

Haemolytic complement fixation assay with AAS 

and APN 

As shown in Figure 5, the inhibitory effects of each 

spice extracts on complement activation through the 

classical pathway were examined. The control 

showed a relatively high optical density when the 

hemolytic activity of complement proteins was 

measured. AAS and APN significantly (p < 0.05) 

decreased the optical density of the medium as the 

concentration increased relative to the negative 

control and hence inhibited greatly the hemolytic 

activity of the complement proteins on the sensitized 

sheep red blood cells. 
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Figure 3a: Effect of cyclophosphamide induced myelosuppression on Total leucocyte  

count in mice treated with both aqueous extract Allium sativum (AAS) or Piper nigrum  
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Figure 3b: Effect of cyclophosphamide induced myelosuppression on Total neutrophil count in  

mice treated with both aqueous extract of Allium sativum (AAS) or Piper nigrum (APN). *p < 0.05  

versus control.  
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Figure 3c: Effect of cyclophosphamide induced myelosuppression on Total lymphocyte count in mice treated 

with both aqueous extract of Allium sativum (AAS) or Piper nigrum (APN). *p < 0.05 versus control 
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Figure 4a: Effect of the extracts on Ovalbumin specific IgG1 responses in mice. * p < 0.05 versus control. 
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Figure 4b: Effect of the extracts on Ovalbumin specific IgG2a responses in mice. * p < 0.05 versus control 
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Figure 4c: Effect of the extracts on TT specific IgG1 responses in mice. * p < 0.05 versus control. 
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Figure 4d: Effect of the extracts on TT specific IgG2a responses in mice. * p < 0.05 versus control. 
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Figure 5: Effect of the aqueous extracts of Allium sativum (AAS) and Piper nigrum (APN) on hemolytic 

complement fixation. *p < 0.05 versus control 

 

DISCUSSION 

 

In the present study, the immunomodulatory effects 

of AAS and APN were evaluated using animal 

models to determine its effect on various 

immunological responses. Results showed that the 

crude aqueous extracts of the spices showed 

immunostimulant activity. It prevented the mortality 

of mice challenged with cyclophosphamide, 

increased the phagocytic index in the carbon 

clearance test and also increased serum 

immunoglobulin levels, suggesting the 

immunostimulatory effects of AAS and APN on 

both cell-mediated and humoral immunity. 

 

 

Natural products are often mistakenly considered as 

safe because they are natural. However, some may 

contain Phyto therapeutic and bioactive compounds 

that are likely to cause adverse effects hence the 

need for all-natural products used in therapeutics to 

be subjected beforehand to safety tests (Tang et al., 

2017). In the acute oral toxicity study, no adverse 

reactions or mortality were observed when the 

extract of APN was administered up to a dose of 

5000 mg/kg. This strongly suggests that APN is 

relatively safe as substances with LD50 value of 1000 

mg/kg by the oral route are considered to be of low 

toxicity and safe (OECD, 2001; Obici et al., 2008). 
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Thus, oral LD50 of AAS in the present is an 

indication that the extract is not completely safe, 

especially when administered in high 

concentrations. The component of the plant extract 

responsible for the toxic manifestations after a 

higher oral dose are not known, but may be due to 

one or more of the phytochemicals present in the 

crude aqueous extract of APN. 

DTHT response is a cell mediated immune response 

classified as type IV DTH (Ul-Taq et al., 2016; 

Hasson et al., 2019) and is critical in defending 

against infectious diseases (Vanita and Diptesh, 

2018). DTHT is an antigen specific reaction, 

mediated by activated T cells and lymphocytes and 

characterized by large influxes of non-specific 

inflammatory cells, macrophage accumulation, 

increased vascular permeability, vasodilatation, 

release of cytokines and subsequently inflammation 

(Sneha et al., 2017). With time, there is a marked 

increase in the concentration of lyric enzymes for 

more effective killing. The dose dependent increase 

in DTHT response suggests the stimulatory effects 

of both APN and AAS extracts, denoting an increase 

in the cell mediated immunity and lymphocytes that 

are essential for the process of inflammation (Pereira 

and Akbar, 2016). 

The carbon clearance assay was performed to assess 

the impact of APN and AAS on the 

reticuloendothelial system. Overall, the extracts 

enhanced phagocytosis and increased the clearance 

of colloidal particles, which showed stimulatory 

effects on the phagocytic activity of macrophages 

(Oumar et al., 2017). The process of phagocytosis 

involves certain cells known as phagocytes which 

ingest and remove microorganisms, malignant cells, 

inorganic particles and tissue debris (Stanilova et al., 

2000). Phagocytosis constitutes the body’s primary 

line of defence (Vanita and Diptesh, 2018). 

Phagocytes are important immune cells whose 

immune function is to ingest pathogens and 

abnormal cells and are considered to be the first line 

of defence of the body’s immune response (Wong et 

al., 2011; Li et al., 2018). Monocytes/macrophages 

and granulocytes are the most important type of 

phagocytes and one of the crucial constituents of 

nonspecific immunity as they play a significant role 

in nonspecific immune defence mechanisms (Sunil 

et al., 2017). 

The effect of cyclophosphamide induced 

myelosuppression resulting in neutropenia in mice 

was studied to determine the effect of the extracts 

APN and AAS on the haemopoietic system. 

Specifically, total leucocyte count and differential 

counts before and after cyclophosphamide were 

determined to show the effects of the extracts on 

haemopoiesis. Cyclophosphamide is a cytotoxic 

chemotherapeutic drug for tumor therapy and is 

known to cause myelosuppression and 

immunosuppression leading to neutropenia as a 

major side effect. In the present study, AAS and 

APN at all doses exhibited significant protection 

against cyclophosphamide induced neutropenia 

suggesting it may have an effect on the haemopoietic 

system (Annapurna et al., 2017; Kenneth and Oduor, 

2017) as well as protection against 

immunosuppression and leukopenia. 

Immunoglobulins, which are also known as 

antibodies, are proteins produced by B-lymphocytes 

and they fight against antigens. Antibodies are the 

effectors of humoral response against antigens. IgG 

is a major immunoglobulin in humoral immune 

response and plays an important role in complement 

activation, opsonization and toxin neutralization 

(Zhi et al., 2019). The estimation of serum 

immunoglobulin is a direct measure of the 

competence of the humoral immunity. Humoral 

immunity involves the interaction of B cells with the 

antigen and their subsequent proliferation and 

differentiation to antibody secreting plasma cells. In 

this study, SRBC was used as a specific antigen to 

trigger the production of specific antibodies which 

were estimated in the serum samples of different 

treated groups. Specifically, immunoglobulin IgG1 

and IgG2a values were measured. The mean 

antibody titre values of APN and AAS treated 

groups and Noni treated animals were significantly 

higher compared to the negative control animals, 

confirming their effect on humoral immunity. 

The haemolysis of the sensitized SRBCs 

significantly increased in a concentration-dependent 

manner, suggesting the immune stimulatory 

potentials of the extracts. The complement cascade 

is one of the major natural defence mechanisms 

towards parasitic, fungal, viral and bacterial 

infections. The activation of complement, via either 

the classical or alternative pathways, leads to the 

production of several soluble components involved 

in chemiotaxis, opsonization, phagocytosis and 

pathogen destruction (Ibrahim et al., 2015). 

CONCLUSION 

The results of this study suggest that the aqueous 

extracts of Allium sativum (AAS) and Piper nigrum 

(APN) have the potential to stimulate the cell-

mediated immunity and the humoral immune 

system, and may be potential therapeutic candidates 

in several immunosuppressed and 

immunocompromised clinical conditions 
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