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ABSTRACT 

Several herbal formulation were not properly documented due to poor scientific data as well as poor standard 

regulation in preparation and marketing. The study evaluate the effect of aqueous extract of Polyherbal 

formulation on Macrophages’ phagocytic function and Humoral immune response in Mice A total of Sixteen 16 

Mice was used. Group I received normal saline, Group II-IV received 500 mg, 1000 mg, and 1500 mg of 

Polyherbal formulation respectively for 21 days each. The animals were sensitized and challenged with Sheep 

red blood cells at day 14th and 19th of the treatment respectively. On day 21st all the animals were injected with 

0.1 ml Indian ink for carbon clearance assay and blood sample was collected at 1 minute and 15 minutes of the 

injection. The phagocytic function of Macrophages and humoral immune response were determined 

spectrophotometrically and Hemagglutination assay respectively. The results show that the highest carbonic 

particle clearances index (K) median score (Median=0.0228), Macrophage phagocytose index (α) median score 

(Median=3.249), organ weight index (g/100g) mean score (M=0.06633) and Hemagglutination antibody titre 

median score (Median=32.00) was recorded by Group IV when compared with other groups. The carbonic 

particle clearance (K) (p=0.02), phagocytic index of Macrophage (α) (p=0.03), and organ weight index (g/100g) 

(p<0.0001) significantly increase with increase in the Polyherbal formulation concentration. Hemagglutination 

antibody titre against Sheep red blood cells (p=0.02) also significantly increased. The extract has potential 

immunostimulatory activity on both Macrophages’ phagocytic function and humoral immune response in mice 

thus could be useful in improving immune responses.  
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Introduction 

The knowledge of combining more than one plant 

material for the treatment of diseases have gain 

popularity in modern traditional medicine 

(Subramani et al., 2014; Aslam et al., 2015) and 

preparation from this concept is referred as 

polyherbal formulation (PHF). Herbal formulation 

consist of different part of plant from different 

plants such as root, bark or leaves (Sulaiman et al., 

2014). Some PHF exhibit immunomodulatory 

activity and therapeutic potentials especially in 

disease conditions such as immunosuppressed 

conditions (Gupta et al., 2006; Jawa et al., 2013). 

A substance that can specifically or non-

specifically stimulate immune system or induce 

secretion of several effector proteins such as 

complement, cytokines are referred as 

immunostimulatory agent (Choudary, 2012; Hajra 

et al., 2012). Whereas immunosuppressive agent 

weaken or regulate over reactive immune system. 

The issue of immunostimulation or suppression by 

herbal agent requires proper attention in order to 

maintain normal immune function (Vinotha-

pooshan and Sundar, 2011). Several herbal 

formulation were not properly documented due to 

poor scientific data as well as poor standard 

regulation in preparation and marketing (Kazeem 

et al., 2013). This may risk the life of individuals 

due to adverse toxicity (Oshikoya et al., 2008). 

People consume locally prepare PHF without prior 

knowledge of its safety and undesirable effect it 

may cause on their immune cells (Olasunkanmi et 

al., 2017). The Polyherbal formulation called 

“Garjin®” locally was claimed to have anti-HIV, 

anti-microbial and immunomodulatory activities 

by local herbalist. Consequently, it is used by some 

local people. Although our previous study on the 

PHF indicated that it has potential 

immunostimulatory activity in animal model (Isah 

et al., 2018), none has indicated its effect on 

Macrophage function and humoral immune 

response against sheep red blood cells (SRBCs). 

Therefore, this study will offer scientific 

information on the immunomodulatory potential of 

aqueous PHF extract in mice targeting Macrophage 

phagocytic function and the humoral immune 

response against SRBCs. In addition, some 

medicinal plants have an effect on the phagocytic 

activity of Macrophages (Ranjith et al., 2015). 

Macrophages are group of immune cells found in 

tissues that recognise and kill microorganisms, 

abnormal or damaged cells, and any other foreign 

substances via phagocytosis and intracellular 

killing respectively (Davies et al., 2013). The 

process of taking in these substances is referred as 

phagocytosis (Ernst and Stendahl, 2006). The cells 

are indispensable in organism’s biology because 

they play roles in homeostasis, body repair and 

development, as well as immune response to 

pathogens (Geissmann et al., 2010).  Humoral 

immune response constitute a component of 

adaptive immune response and is responsible for 

synthesis of antibodies secreted by plasma cells 

which develop from B lymphocytes (Fuza and 

Skok, 2007, Hajra et al., 2012). 

 

Materials and Methods 

Polyherbal formulation 

Plant material was collected from Al-Mustakshif 

Medical Health Centre, Kano, Nigeria (RC: 

1393615) then process as previously reported (Isah 

et al., 2018).The formulation consists of five plant 

materials namely: Black cutch- Bark (Acacia 

polyacentha wild), orchid bush-Bark (Bauhinia 

rufescens lam), Gum Arabic tree-Bark (Acacia 

Senegal), Boa boa leaves (Adensonia digitata), 

Garlic-Yellow-bulb (Allium sativum). The 

individual plant pharmacological potential was 

reported in our previous study (Isah et al., 2020). 

The plant taxonomic identification was carried out 

at the Herbarium section of Botany Unit, 

Department of Biological Sciences, Faculty of 

Sciences, Usmanu Danfodiyo University, Sokoto, 

Nigeria. The voucher numbers assigned are 

Adensonia digitata (UDUH/ANS/0194), Acacia 

senegal (UDUH/ANS/0195), Allium sativum 

(UDUH/ANS/0196), Bauhinia rufescens lam 
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(UDUH/ANS/0197), Acacia polyacentha wild 

(UDUH/ANS/0198). 

The Polyherbal extract 

Department of Immunology, School of Medical 

Laboratory Sciences supply the aqueous extract of 

the PHF. The extract was initially labelled as PHF 

aqueous extracts then stored and preserved at 5°C 

in airtight bottles. About 0.1 g of the dried extract 

was dissolved in 1 ml of distilled water and this 

served as stock. The stock was prepared in batches 

(Hamid et al., 2021). 

Animals 

A total of 16 Mice of 8-12 weeks old, weight 

between 21-36 g of either sex (8 Females; 8 Males) 

were purchased from the Department of Veterinary 

Pharmacology, Faculty of Veterinary Medicine, 

Ahmadu Bello University (ABU), Zaria. Before the 

commencement of the experiment, the rats were 

allowed to acclimatize for two weeks, fed with 

standard food (Vital feed, Jos, Plateau) and water 

ad libitum in the animal house of Faculty of 

Pharmaceutical Sciences, Usmanu Danfodiyo 

University, Sokoto (UDUS). They were maintained 

under standard Laboratory conditions and the 

experimental protocol of the animal house was 

adapted. The study was approved by animal ethic 

committee of Department of Pharmacology and 

Toxicology, Faculty of Pharmaceutical Sciences, 

UDUS with approval number PTAC/PF/ 

(AE)/OT/14-19).  

Animal Grouping and Treatment  

After the acclimatization, the animals were divided 

randomly into four groups of four each. Group I 

serve as normal control, whereas other groups (II-

IV) serve as treatment groups. Group I was given 

normal saline 10ml/kg BW for 21 days. Group II-

IV received different concentration (500, 1000, 

1500 mg/kg BW respectively) of the extract orally 

for 21 days.  

Phagocytic Function of Macrophage  

Carbon clearance assay was used to assess the 

effect of the polyherbal formulation treatment on 

the Macrophage as described by Yin et al., (2016). 

Indian ink (Camel brand) suspension was diluted in 

a ratio of 1:50 with normal saline and used for 

carbon clearance test in a dose of 0.1 ml/mice. One 

hour after the last treatment, the animals were 

weighed then injected with 0.1 ml of Indian ink via 

the tail vein and timed immediately. After the ink 

injection, at the time of 1 min (T1) and 15 min (T2). 

Blood samples were collected from orbital venous 

plexus using heparinized microhematocrit capillary 

tubes. The blood was immediately added with 3 ml 

0.1% Na2CO3 solution to lyses the erythrocytes and 

the absorbance of the mixture was measured at 675 

nm using spectrophotometer. The absorbance were 

A1 (at the time of T1) and A2 (at the time of T2), 

respectively, using the absorbance of Na2CO3 

solution as a blank control. The mice were 

euthanatized under ketamine anaesthesia. Liver and 

spleen were exercised from the animal and were 

weighed immediately. The carbonic particle 

clearances index (K) and Macrophage phagocytose 

index (α) as well as body weight index were 

calculated as below:  

Carbonic particle clearances index (K) = log A1 – log A2 
T2-T1 

 

Macrophage phagocytose index (α) =     

          

Index (g/100g) =         

 

Humoral Immune Response against SRBCs 

Preparation of SRBCs (Antigen) 

The SRBCs was prepared as described by Dash et 

al., (2006). Briefly fresh blood of sheep was 

collected from local slaughterhouse in freshly 

prepared sterile Alsever’s solution in a 1:1 ratio. 

Then centrifuged at 2000 rpm for 10 minutes and 

washed with physiological saline 4-5 times. The 

cells were suspended in buffered saline and finally 

adjusted to a concentration of 1×108 cells/ml for 

immunization and challenge. 
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Antibody response to SRBCs 

On the 14th and 19th day of the study, the mice from 

all the groups were sensitized and challenged, 

respectively, with SRBCs in normal saline (0.1 ml 

of suspension containing 1×108 SRBCs), intra-

peritoneally. Blood was withdrawn (24 hours after 

the last dose) from the retro orbital plexus of all 

antigenically sensitized and challenged mice then 

centrifuged at 3000 rpm for 5 minutes to obtain a 

serum. 

Direct Hemagglutination 

Briefly serum sample were incubated at 56°C for 30 

min to inactivate the complement. Fifty microliters 

(50µl) of Phosphate Buffered Saline (PBS) 

containing 0.05% Bovine Serum Albumin was 

dispensed into each well of round bottomed 96- 

well microplate. Serum samples (50 µl) were then 

added and serially double diluted in the wells from 

columns 2 to 12. The first column (PBS only) of 

wells was considered as blank. Then, 50 µl of 1% 

SRBCs in PBS was added to all the wells to make a 

100 µl final volume. Subsequently, the plates were 

shaken for 1 min and incubated for 24 hours at 37°C 

and agglutination was monitored visually. Highest 

dilution capable of visible agglutination was 

considered as the antibody titre. A positive result 

was recorded when at least 50% SRBC 

agglutination was observed (Haghighi et al., 2005). 

Statistical Analysis  

The results obtained were entered into SPSS 

version 21 for analysis. Continuous variables were 

expressed as mean and standard deviation (SD) or 

Median. To ascertain the normal distribution of the 

variables Test for normality was carried out. Only 

Organ weight index was normally distributed based 

on tests of normality results: Shapiro-Wilk, 

complimented by Q-Q plot.  Therefore ANOVA 

and Kruskal Wallis test were carried to compare 

mean or median respectively. Bonferroni and Mann 

Whitney tests were used as post hoc tests to 

compare some groups. The p value ≤ 0.05 was used 

to determine the level of statistical significance.  

Results 

Effect on carbonic particle clearance index 

Depicted from Table 1, there was statistically 

significant difference in carbonic particle 

clearances index (K) across the four groups after 

treatment with PHF (p=0.02) using Kruskal-Wallis 

test. The highest carbonic particle clearances index 

(K) median score (Md=0.0228) was recorded in 

Group IV compare with other groups and the least 

was recorded in group I (Md=0.0006). Mann-

Whitney U test (Post-hoc test) shows significant 

difference in carbonic particle clearances index (K) 

between Group I and Group III, and Group I vs 

Group IV (p=0.05). However, no significant 

difference between Group I and Group II (p=0.37). 

 

Effect on Macrophage Phagocytose Index 

There was statistically significant difference in 

Macrophage phagocytose index (α) across the 

four groups after treatment with PHF (p=0.03) 

using kruskal-Wallis test. The highest 

Macrophage phagocytose index (α) median score 

(Md=3.249) was recorded in Group IV compared 

to other groups and the least was recorded in 

group II (Md=1.009). Mann-Whitney U test 

(Post-hoc test) indicate that there is no significant 

difference in Macrophage phagocytose index (α) 

between group II-IV and control (p>0.05) (Table 

1). 

 

Effect on organ weight index 

From Table 2, there was a statistically significant 

difference in organ weight index across the 

different groups (p<0.0001) using ANOVA. The 

highest organ weight index (g/100g) mean score 

(M=0.06633) was recorded by Group IV 

compared with other groups and the least was 

recorded by group II (Mean=0.00043). Bonferroni 

test (Post-hoc test) shows statistically significant 

difference in organ Weight index between group I 

and group IV (p<0.0001). However, no 

statistically significant difference was recorded 

when group I was compared with group II and III 

(p>0.05).  
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Effect on humoral immune response against 

SRBCs 

As shown in Table 3, There was statistically 

significant difference in HA titre across the four 

groups after treatment with PHF (p=0.02) using 

kruskal-Wallis test. The highest HA titre median 

score (Md=32.00) was recorded by Group IV 

when compared with other groups, followed by 

group III (Md=16.00) and group I (Md=4.00) 

recorded the least. Mann-Whitney U test (Post-

hoc test) shows significant difference in HA titre 

between group I and group IV (p=0.04).  

However, there was no statistical significant 

difference when compared with other groups 

(p>0.05).   

 
 

 

 
Table 1: Effect of aqueous extract of PHF on Carbonic particle clearances index (K) and Macrophage 

phagocytose index (α) in Mice 
Group  (N=16) Dose (kg BW) K α 

Median p-value Median p-value 
I (NS) 10ml 0.0006 0.02 1.345 0.03 

II (PHF) 500 mg 0.0010  1.009  
III (PHF) 1000 mg    0.0014 a*  1.449  
IV (PHF) 1500 mg    0.0228 b*  3.249  

N=total number of rats, NS= Normal Saline; PHF= Polyherbal Formulation, a= I vs III, b= I vs IV, *p=0.05 

 
Table 2: Effect of aqueous extract of PHF on organ weight Index (g/100g) in Mice 

Group  (N=16) Dose (kg BW)           Organ weight  Index (g/100g) 

Mean  (SD) p-value 

I (NS) 10ml 0.00066 (0.00005) <0.0001 
II (PHF) 500 mg 0.00043 (0.00049)  
III (PHF) 1000 mg 0.00116 (0.00037)  
IV (PHF) 1500 mg      0.06633 (0.00740)a***  

N=total number of rats, a= I vs IV, ***p<0.0001 

 
Table 3: Effect of aqueous extract of PHF on humoral immune response against SRBCs in mice 
Group (N=16) Dose (kg BW) HA Median Titre p-value 

I (NS) 10ml 4.00 0.02 
II (PHF) 500 mg 8.00  
III (PHF) 1000 mg 16.00  
IV (PHF) 1500 mg     32.00 a*  

N=total number of rats, a= I vs IV, *p=0.04 

 
 

Discussion 

Polyherbal formulations are getting more 

attention in treatment of different disease 

conditions (Sushruta et al., 2007). Stimulation or 

suppression of immune system are important 

parameters to rely on for assessment of normal 

function of the system (Bagwan et al., 2017). 

Ascertaining the local herbalist’s claims on PHF 

ability to modulate immune system will lead to 

discovery of novel drug that could be reliable in 

curing or alleviating disease conditions (Majeedi 

et al., 2015).  
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Our study demonstrated significant increase in 

carbon clearance as well as phagocytic ability of 

Macrophages in response to dose increase of the 

formulation. This study findings suggest potential 

immunostimulatory activity on Macrophage 

function as one of the key player in innate immune 

response. Because Macrophages are responsible 

for the innate immunity that contribute to the 

clearance of foreign bodies by recognition and 

migration toward the foreign bodies, 

phagocytosis, and destruction of foreign agents 

(Gokhale et al., 2003).  Similarly the result of the 

present study shows significant increase in organ 

weight index with increase in dose. Several 

studies (Ismail and Asad, 2009), (Patel and Asdaq, 

2010), (Tilwari et al., 2011), (Hajra et al., 2012), 

(Anerthe et al., 2014), (Jitin et al., 2015) reported 

significant increase in Macrophage phagocytic 

function.  In contrary the ethanolic root extract of 

Argyreia speciosa was reported effective on 

Macrophage phagocytosis (Gokhale et al., 2003).  

Daniel recorded a significant raise in relative 

organ weight in rats after treatment with aqueous 

extract of Pseudocedrela kotschyi (Daniel, 2018).  

Olayode and colleagues reported significant 

increases in relative organ weight after treatment 

with leaf extract of Stachytarpheta cayennensis in 

rats (Olayode et al., 2019). Porwal and co-workers 

reported no significant changes in organ weight 

after treatment of rats with Ethanolic Extract of 

Marsdenia tenacissima leaves (Porwal et al., 

2017). 

The carbon clearance assay shows the rate at 

which carbon particle were removed from blood 

after systemic injection of carbon particle in form 

of ink and the rate of the clearance was deduce as 

reported (Gokhale et al., 2003). The removal of 

carbon particles was made by phagocytic cells 

such as Macrophages. The phagocytic index as 

well as Macrophage activity was assessed by the 

assay (Ponkshe and Indap, 2002). Defect in 

phagocytic process may lead to several disease 

conditions in humans (White and Gallin, 1986). 

Because Macrophages are very important in 

secretion of several cytokines which ultimately 

lead to the activation of immune cells (Tilwari et 

al., 2011). 

The result on humoral immune response against 

SRBCs antigen reveals that there is significant 

increase in humoral immune responses in a dose 

dependant manner, suggesting treatment with the 

formulation may have the ability to activate 

lymphocytes especially the B lymphocytes and 

other cells associated with humoral immune 

response. Antibodies are produce by plasma cells 

upon interaction between B lymphocytes and 

antigen thus lead to its proliferation and 

differentiation into the antibody secretion cells. 

The antibodies produce were set to bind to the 

antigen and neutralised or facilitate recognition by 

phagocytes this lead to ultimate elimination of the 

antigen (Gokhale et al, 2003, Fulzele et al., 2003). 

Several studies reported significant increase in 

circulating antibodies after treatment with 

different plant extract, Argyreia speciosa root 

(Gokhale et al., 2003), Acacia polyacentha wild 

(Ismail and Asad, 2009), Aegle marmelos (Patel 

and Asdaq, 2010), Swietenia mahagoni (Hajra et 

al., 2012) and Adensonia digitata (Jitin et al., 

2015), and Some extracts especially at a higher 

doses showed more immunostimulating effects 

(Tatfeng and Emitan, 2012). However, Tilwari 

and co-workers reported inhibitory effect on 

humoral immune response in mice after treatment 

with Abrus precatorius (Tilwari et al., 2011). The 

difference may be attributed to suppression of 

functional activity of antigen presenting cells or 

type as well as level of cytokines present at the 

microenvironment after activation of 

lymphocytes (Allison, 2000).   

Conclusions 

The formulation increase the Macrophage 

phagocytic function and humoral immune 

response against SRBCs antigen in mice. 

Therefore, it has ability to stimulate 

reticuloendothelial system and lymphocytes 
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associated with humoral immune response. It 

could be used as potential immunomodulatory 

formulation after an in-depth research. 
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