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Abstract  
 

Some formulations possess the ability to stimulate or suppress immune system thus may be important in controlling 

various disease condition or lead to undesirable prospect. Studies on immunomodulatory agent can leads to isolation of 

acceptable and reliable pharmacological agent with wider application.
 
This study evaluate the immunostimulatory 

activity of Polyherbal Formulation (PHF) on Th1/Th2 cytokines secretion and cell mediated immune response in Wistar 

Rats. Twenty four (24) Wistar rats were randomly divided into six group and each group contains four rats. Group 1 

received normal saline as normal control, Group 2 received Levamisole Hcl as positive control, Group 3 received 

Cyclophosphamide as negative control, while Group 4 - 6 received different concentration of aqueous extract of PHF. 

Blood was collected and processed to obtain a serum. The serum was used for Th1 (IL-2, IFN-γ) and Th2 (IL-4, IL-6,) 

cytokines analysis using ELISA techniques. Keyhole Limpet Hemocyanin was used as antigen to induce Delayed type 

hypersensitivity (DTH) response. Footpad thickness was measured using digital vernier calliper. There was significant 

increase in serum concentration of IL-2, IFN-γ, IL-4 and IL-6 across the treatment groups with increase in dose of PHF 

(p < 0.001). There was significant increase in DTH response across the treatment groups in dose-dependent manner (p< 

0.001). The PHF has immunostimulatory activity on Th1/Th2 cells thus induce the secretion of the cytokines. It increase 

DTH response thus can be useful in immune response involving T lymphocytes. The formulation could be useful in 

managing immunosuppressed conditions due to its immunomodulatory potential.  
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INTRODUCTION 
Traditional medicine is the area receiving 

attention as it serves as source of natural product used 

for development of pharmacological agents that can 

yield desired results [1]. Use of plant extracts for 

treatment of infections and other health condition is 

prominent in African traditional medicine [2]. Different 

part of plant materials are processed as herbal 

formulation, these include root, bark or leaves [3, 4]. 

These plant materials could be combined together to 

form a polyherbal formulation for a purpose of diverse 

pharmacological effect to obtained desired results with 

minimum side effect [5, 6]. Some formulations possess 

the ability to stimulate or suppress immune system thus 

may be important in controlling various disease 

condition or leading to undesirable prospect [7, 8]. 

Immune system consists of innate, cell mediated and 

humoral components. A substance that can modulate 

immune system is referred as immunomodulator [9]. 

Modulators exert their effect by regulation of mediators 

or messengers such as cytokines, neurotransmitters etc 

or facilitate phagocytic function or adhesion of 

molecules [10, 11]. 

 

Cytokines are glycoproteins or soluble 

extracellular proteins required for proliferation and 

differentiation of immune cells and also guide the type 

of immune responses
 
[5, 12]. Multidimensional nature 

of cytokines in terms of sources, targets and functions 

https://saudijournals.com/sjmps
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make them to serve as very important 

immunomodulatory proteins utilized in treatment of 

wide range of disease [13]. They exhibit autocrine, 

paracrine or endocrine function thus can be able to exert 

either synergistic or antagonistic effect [14]. 

Furthermore cytokines levels may serve as diagnostic 

value for assessment of inflammatory process in several 

disease conditions [15] and indeed immunomodulatory 

activities of foods or drugs [16]. Cytokines are among 

the primary target of immunomodulators source from 

plant materials thus alter immune response [17] by 

upregulation or down regulation of cytokines or its 

receptors as such serve as favourable target for 

therapeutic approaches [13]. The balance between Th1 

and Th2 immune responses is dictated by cytokines, 

because they can shift cell mediated response (Th1) to 

humoral response (Th2) and vice versa
 

[10]. For 

instance IL-2, IL-3, IL-12, IFN-γ and TNF induce the 

response away from the humoral immune response [8, 

18] whereas IL-4, IL-5, IL-6, IL-10 and IL-13 can 

induce the response towards humoral immune response 

(Th2) [19]. Some pharmacological agents can alter the 

balance between Th1 and Th2 which could be 

advantage to the host. Because the nature of the disease 

agent determine which type of response is important, 

for instance intracellular parasites and viruses need Th1 

response whereas extracellular organisms need Th2 

response [10].  

 

Studies on immunomodulatory agent can lead 

to isolation of acceptable and reliable pharmacological 

agent with wider application,
 
[20] especially due to 

infection such as HIV or malnutrition, stress and some 

immunologically related conditions such as 

hypersensitivity, inflammation etc [21, 22], as such this 

area is attracting research interest worldwide [20]. 

Besides there is fear of adverse reactions by 

immunomodulatory agent not from plants origin [23, 

24]. Some disease conditions tend to impair immune 

response [23]. Therefore a modulator that will improve 

and maintain immune status is necessary [25]. 

 

In developing world many people decided to 

choose medicine from natural source in form of herbal 

as alternative to improve their health condition [9, 26]. 

Combination of plant materials as herbal formulation 

yielded better and effective results than the individual 

plant component because it can trigger several 

signalling pathways [10]. 

 

The Polyherbal formulation called “Garjin
®
” 

locally consists of five plant materials namely: Black 

cutch- Bark (Acacia polyacentha), orchid bush-Bark 

(Bauhinia rufescens), Gum Arabic tree-Bark (Acacia 

Senegal), Baobab-leaves (Adensonia digitata), Garlic-

Yellow-bulb (Allium sativum). It was claimed to have 

immunostimulatory activity by the local herbal medical 

practioners. Consequently, it is widely used by some 

local people in the area for boosting immunity. In our 

previous study on this PHF, we demonstrated its 

potential immunostimulatory activity on neutrophil 

function and humoral immune response
 

[27]. This 

attract our interest to investigate its activity on 

cytokines as well as cell mediated immune response. To 

demonstrate a typical cell mediated immune response in 

vivo we employ Delayed type hypersensitivity (DTH) 

response. It involves antigen presenting cells, T cells 

and chemotactic cytokines [28]. This kind of response 

is important in immunomodulation, allergy and 

autoimmunity
 

[29, 30]. The response is due to 

extravasation of T lymphocytes into specific sites in 

tissues
 
[31]. 

 

MATERIALS AND METHODS 
Plant Extract 

The aqueous extract of the PHF was collected 

from the Department of Immunology, School of 

Medical Laboratory Sciences which was initially stored 

and preserved at 5°C in airtight bottles and was labelled 

as PHF aqueous extracts. 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. 

 

Animals 

A total of 24 Wistar rats of 16-18 weeks old, 

weight between 126-148 g of either sex (11 Females; 13 

Males) were used in this study. The animals were 

purchased from the Department of Veterinary 

Pharmacology, Faculty of Veterinary Medicine, 

Ahmadu Bello University (ABU), Zaria, Nigeria and 

kept in the Animal House of Faculty of Pharmaceutical 

sciences, Usmanu Danfodiyo University, Sokoto 

(UDUS), Nigeria. They were allowed to acclimatize for 

two weeks and fed with standard pelletized growers 

feed (Vital feed, Jos, Plateau) and water ad libitum. The 

animals were maintained under the Institutional 

standard laboratory conditions for experimental animal. 

The study was approved by Faculty of Veterinary 

Medicine Animal Research Ethics Committee (FAREC) 

with approval number as UDUS/FAREC/2019/AUP-

RO-3. 

 

Animal grouping and treatment 

A total of 24 Wistar rats were randomly 

divided into six groups and each group contains four 

rats. Group 1 received 10ml/kg b.w of normal saline; 

Group 2 received 50mg/kg b.w of Levamisole 

Hydrochloride (Guangehou Kafen Biotech Co., Ltd, 

China). Groups 3 received subcutaneous injection of 

200 mg/kg b.w of Cyclophosphamide (Guangehou 

Kafen Biotech Co., Ltd, China). At day one, Group 4 - 

6 received 250, 500 and 1000 mg/kg b.w of PHF 

respectively, for 14 days orally.  

 

Blood collection and processing 

On day 15, 2 ml of blood sample was collected 

by cardiac puncture from each Wistar rat under 

Ketamine anaesthesia. The blood samples were 
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transferred into clean plain tubes allowed to clot within 

30 minutes of collection then centrifuged at 500 g for 5 

minutes to obtain neat serum and then transferred into a 

labelled cryovials then immediately stored at -20 
o
C 

until used.  
 

Measurement of Serum Cytokines Levels 

To measure the serum concentration of 

cytokines (i.e. IL-2, IL-4, IL-6 and IFN-γ), sandwich-

ELISA technique purchased from Sunlong Biotech Co, 

Ltd., China was used. The procedure was carried out 

according to manufacturer’s instructions. Assay 

sensitivity: IL-2 (0.6 pg/ml), IFN-γ (0.5 pg/ml), IL-4 

(1.2 pg/ml) and IL-6 (1.5 ng/L). 

 

 

 

 

 

Delayed Type Hypersensitivity (DTH) response 

On day 7, each rat was subcutaneously 

injected with 0.1 ml of normal saline containing 50 μg 

of Keyhole Limpet Hemocyanin (KLH) (Biosearch 

Technologies, Inc., USA) on the right hind footpad and 

the left hind footpad received 0.1 ml of normal saline 

only. On day 14, the right hind footpad received 0.1 ml 

of normal saline only (i.e. control foot). The left hind 

footpad was challenged subcutaneously with 0.1 ml of 

normal saline containing 50 μg of KLH. The thickness 

of the left and right hind footpad was measured 24 

hours later using RD DC 706 digital Vernier calipers 

(Raider Pro professional Tools Co. Ltd., China). The 

difference in the thickness of the right hind footpad and 

the left hind footpad was used as a measure of DTH 

reaction and was expressed as percent increment in 

thickness. The formula shown below was used to 

determine the increment
 
[32]. 

 
 

STATISTICAL ANALYSIS 
The statistical analysis was carried out using 

SPSS 21 Software package (IBM, USA). Test for 

normality was performed to ascertain normal 

distribution of the variables. Data was not normally 

distributed based on tests of normality results: Shapiro-

Wilk, supported by Q-Q plot. Therefore the results 

obtained are presented as Median. Kruskal Wallis test 

was carried out to explore differences on variables 

across the groups. Mann Whitney test was used as post 

hoc test to compare some groups. The p value ≤ 0.05 

was used to determine the level of statistical 

significance. However Bonferroni adjustment was used 

to determine the significance level of post hoc test 

therefore the adjusted p-value is ≤ 0.01.  
 

 

 

 

 

 

 

RESULTS 
Effect of PHF on Th1 and Th2 cytokines secretion 

The results obtained from the current study 

revealed there was significance difference in serum 

concentration of IL-2 (χ
2
 = 32.97, p < 0.001), IFN-γ (χ

2
 

=33.41, p <0.001), IL-4 (χ
2
 =31.13, p <0.001) and IL-6 

(χ
2
 = 32.19, p < 0.001) across the six groups. Among 

the treatment groups, group 6 (highest dose of PHF) 

recorded a highest median concentration score for IL-2 

(Md= 96.13 pg/ml), IFN-γ (Md= 108.30 pg/ml), IL-4 

(Md= 120.39 pg/ml) and IL-6 (Md= 107.10 ng/L) 

compared to the other treatment groups (Table 1). As 

depicted from Table 2, Post-hoc test using Mann-

Whitney U test revealed significant difference in Group 

1 vs Group 6 for IL-2 and IFN-γ (p=0.008), Group 2 vs 

Group 6 for IL-2 (p=0.008) and Group 3 vs Group 6 

(p=0.008) for both cytokines. The test also revealed 

significant difference in Group 1 vs Group 6 for IL-4 

and IL-6 (p=0.008), Group 2 vs Group 6 for IL-4 

(p=0.008) and Group 3 vs Group 6 for IL-4 (p=0.002) 

and IL-6 (p= 0.008). 

  

Table-1: Effect of aqueous extracts of PHF on serum concentration of the Th1/Th2 cytokines 

Group 

(n=4) 

Dose (kg 

b.w.) 

IL-2 (pg/ml) IFN-γ (pg/ml) IL-4 (pg/ml) IL-6 (ng/L) 

Median Median Median Median 

1(NS) 10ml 72.59 70.90 75.03 56.83 

2 (LEV) 50 mg 195.7 158.34 197.32 110.99 

3 (CPY) 200 mg 13.17 9.92 20.11 19.94 

4 (PHF) 250 mg 85.72 77.77 74.44 66.95 

5 (PHF) 500 mg 89.17 91.75 75.09 84.86 

6 (PHF) 1000 mg 96.13 108.30 120.39 107.10 

Kruskal Wallis Test  χ
2
= 32.97, 

p<0.001 

χ
2
 =33.40, 

p< 0.001 

χ
2
 = 31.13, 

p< 0.001 

χ
2
 = 32.19, 

p< 0.001 

NS: Normal saline; CPY: Cyclophosphamide; LEV: Levamisole hydrochloride; Significant p-value is ≤0.05 
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Table-2: Comparison between groups on the effect of aqueous extracts of PHF on the cytokines 

Group 

(n=4) 

Th1 cytokines Th2 cytokines 

IL-2 (pg/ml) IFN-γ (pg/ml) IL-4 (pg/ml) IL-6 (ng/L)  

p-value p-value p-value p-value 

1 vs 6 0.008 0.008 0.008 0.008 

2 vs 6 0.008 0.751 0.008 0.597 

3 vs 6 0.008 0.008 0.002 0.008 

Post hoc test is significant at p ≤0.01 (with Bonferroni adjustment) 

 

Effect of PHF on Delayed Type Hypersensitivity 

response 

As shown in Table-3, there was significant 

difference in DTH response across the six groups (χ
2
 = 

32.41, p < 0.001). Among the treatment groups, Group 

6 (Highest dose of PHF) recorded the highest 

percentage median score (Md=90.0%) compared to the 

other treatment groups. A post-hoc test using Mann-

Whitney U test revealed significant difference in the 

DTH response in Group 1 vs 6 (p=0.009) and Group 3 

vs Group 6 (p=0.009). However no significant 

difference was observed when group 2 was compared 

with group 6 (p= 0.279). 

 

Table-3: Effect of aqueous extracts of PHF on DTH response 

Group (n=4) Dose (kg b.w.) Median (%) Post hoc Test 

Comparison   p-value 

1(NS) 10 ml 65.5 1 vs 6 0.009 

2 (LEV) 50 mg 93.2 2 vs 6 0.279 

3 (CPY) 200 mg 35.5 3 vs 6 0.009 

4 (PHF) 250 mg 79.8   

5 (PHF) 500 mg 82.1   

6 (PHF) 1000 mg 90.0   

 Kruskal Wallis test: χ
2
 =32.41, p<0.001   

Post hoc is significant at p ≤0.01 (with Bonferroni adjustment) 

 

DISCUSSION  
Scientific world recognized the impact of 

immunostimulatory agents in combating disease 

conditions but most of these immunomodulators from 

herbs were not scientifically evaluated [26]. Therefore 

it is imperative to scientifically standardize herbal 

formulation used for modulation of immune system as 

it can pave away to discover a novel drug with all the 

necessary requirement for treatment of disease 

conditions [33]. 

 

In this study we selected IFN-γ and IL-2 to 

represent Th1 cytokines while IL-4 and IL-6 represent 

Th2 cytokines. Our finding demonstrated significant 

increase in the concentration of all the cytokines (IFN-

γ, IL-2, IL-4, IL-6) in dose dependent manner across 

the treatment groups. This suggest the PHF exhibit 

immunostimulatory effect on immune cells by inducing 

the secretion of Th1 and Th2 cytokines. However, not 

all formulation may appear to exhibit specific 

immunostimulatory pattern thus are difficult to define 

their specificity in terms of Th1/Th2 response
 
[10, 18]. 

Thought some do have specific display by specifically 

down regulating Th1 or Th2 response but never both. 

Study indicates an increase in IL-2 secretion following 

simulative effect on Th1 subset of lymphocyte [34]. 

The cytokine is required for the development and 

maintenance of T regulatory (Treg) cells and for 

activation-induced cell death, thereby mediating 

tolerance and controlling unnecessary immune response 

that may lead to disease conditions [35]. While IL-4 is 

typical Th2 cytokine responsible for humoral immune 

response [36]. Whereas IL-6 play a vital role in the 

differentiation of activated B cells into plasma cells 

which is antibody-producing cells
 
[37]. In comparison, 

the competitive nature of the PHF with standard 

stimulatory drug is clearly shown when standard control 

group was compared with treatment on IFN- γ and IL-6 

level.  

 

Herbal constituents such as tannins, alkaloids 

and terpenes and their secondary metabolites can serve 

as good source of discovering a novel drug for 

promoting various health conditions
 
[3]. The qualitative 

phytochemical screening of the aqueous extract of the 

formulation shows that only Anthroquinones was 

absent in the constituent, however, other constituents 

such as Alkaloid, Terpenoids, Steroid, Cardiac Active 

Glycoside, Flavonoids, Saponins, Tannins, 

Polyphenols, Vitamins, Reducing Sugars and 

Photosterols were all present [38]. Flavonoid, Phenol 

and Glycoside enhance immunity and increase adaptive 

immune response
 

[39]. In addition Polysaccharides, 

lectins, peptides and tannins can also modulate the 

immune system in various in vivo models [21]. Several 

phytoconstituent can increase IFN-γ level [40]. For 

instance Saponins can stimulate lymphocytes and IFN-γ 

[41], Polysaccharides [42], Phytophenols [43]. 

Similarly, Terpenoids also enhance the expression of 
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IL-2 [44] and flavonoids induce expression of IL-6 

[45].  

 

In comparism, a previous study also indicated 

that aqueous extract of PHF can up regulate the 

production of IFN-γ and IL-2 [46]. However, study of 

Wang and colleagues reported contrary [47]. Shin and 

co-workers reported upregulation of IL-4 production by 

PHF [48]. Similarly, Xiao and co-workers reported that 

a polyherbal formulation up regulate IL-6 production 

[49]. However studies of Kurokawa and co-workers 

[50] and Luo and colleagues [51] reported contrary. The 

disparity between this study and previous studies may 

be associated to differences in the PHF constituent, 

geographical location, soil type, variation in dose 

administered, antigen use in the studies to elicit immune 

response and probably the duration as well as mode of 

administration. These factors may likely dictate the 

result in this study. 

 

The result on DTH response against KLH 

antigen reveals significant increase in paw thickness 

with increase in dose of the PHF across the treatment 

groups. This suggests that treatment with the 

formulation may have the ability to activate 

lymphocytes and other cells associated with cell 

mediated immune response. DTH reaction is a type IV 

cell-mediated immune response
 
[52]. Differences in the 

paw thickness between standard drug group and highest 

dose treatment group was inconsiderable. This explain 

the competitive nature of the PHF at higher dose with 

Levamisole hydrochloride as standard 

immunostimulatory drug. Alkaloids, as phytochemical 

constituent of several formulations, have been reported 

to increase immunobioactivities which potentiated DTH 

reaction [53]. Another study also reported increase in 

DTH response after treatment with aqueous extract of 

PHF [54]. Similarly Bagwan and colleagues reported an 

increase in paw thickness after administration of PHF 

[55]. The paw thickness is as a result of infiltration of 

inflammatory cells to the site of antigen challenge in 

response to lymphokines secreted by sensitized T-

lymphocytes as part of cell mediated immune responses 

[56]. 
 

CONCLUSION 
This study revealed that the PHF can induce 

the secretion of Th1/Th2 cytokines such as IL-2, IL-4, 

IL-6 and IFN-γ in vivo, also increase cell mediate 

immune response through delayed type hypersensitivity 

response to KLH antigen. Immunostimulation of Th1 

and Th2 cells by the formulation is an indication that it 

can be useful in managing immunosuppressed 

conditions due to infection, aging, malnutrition, stress 

etc. Therefore in-depth study on the formulation will 

surely yield a desired result because of its potential 

immunostimulatory activity on immune responses 

involving T lymphocytes. 
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