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Abstract IFN-ã and IL-4 (p <0.05). No significant 
This study evaluated the immunomodulatory difference was observed in IL-10. The 
potential of aqueous extract of polyherbal formulat ion seems to  neutra l ise  the  
formulation (PHF) in cyclophosphamide (CP)- immunosuppressive condition and induce 
induced immunosuppression in Wistar albino immunostimulatory activity on the immune cells 
rats. The rats were randomly divided into six (6) responsible for the secretion of IFN-ã and IL-4.
groups of four (4) rats each. The normal control 
group received 10 ml/kg b.w of normal saline for Keywords: Cyclophosphamide, Cytokines, 
28 days orally. The Positive control group Immunomodulation, Immunosuppression, 
received 50mg/kg b.w of Levamisole Murine, Polyherbal formulation
H y d r o c h l o r i d e  f o r  2 8  d a y s  o r a l l y.  
Cyclophosphamide (CP) control group had 10 Introduction
mg/ kg b.w of CP for three days subcutaneously. An immunomodulator is a substance that can  enhance, 
While the Treatment control group received dampens, or regulate  the immune system (Das et al., 
1500 mg/ kg b.w of PHF orally for 28 days. 2014). The immunomodulators can stimulate cytokines 
Treatment 1 group received 10 mg/ kg b.w of CP (Alamgir and Uddin, 2010; Catanzaro et al., 2018). 
for three days subcutaneously, followed by oral Across the world, immunomodulation is viewed as the 
administration of 1500 mg/ kg b.w of PHF for 28 primary target for the treatment and prevention of 
days.  Lastly, Treatment 2 group received 1500 various diseases, including common cold, various 
mg/ kg b.w of PHF for 28 days orally, followed infections, and cancer (Ye et al., 2015). Researchers are 
by subcutaneous administration of 10 mg/ kg b.w developing an interest in the experimental study of the 
of CP for three days. On the first day prior to any effect of herbs on the immune system. Several sources 
intervention, 1 ml of the blood sample was including mushrooms are being screened for 
collected from each rat which serve as a pre- immunomodulatory compounds that can be used to 
treatment sample. At the end of the experiment enhance cancer chemotherapy (Kyakulaga et al., 2013).
(after 28 days), a blood sample was collected 
from each rat which serve as a post-treatment The serum concentration of various cytokines 
sample. The serum concentration of IFN-ã, IL-4, may give information on the presence, or 
and IL-10 were determined using the ELISA predictive value of inflammatory processes in 
technique. For pre-treatment samples, there was various disease conditions , as well as 
no statistically significant difference in the mean immunomodulatory effects of foods or drugs . 
serum concentration of the cytokines across the Cytokines are now seen to be crucial to innate 
groups (p >0.05). For post-treatment samples, and adaptive inflammatory responses, cell growth 
there was a statistically significant difference in and differentiation, cell death, angiogenesis, and 
the mean serum concentration of IFN-ã (p < developmental as well as repair processes (Spelman et 
0.0001) and IL-4 (p<0.001) across the groups. al., 2006). The Cyclophosphamide (CP) belongs 
There was a significant difference when normal to nitrogen mustard a subclass of alkylating 
controls were compared with other groups in agents which induces bone marrow suppression. 
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Bone marrow suppression is caused by the products for their livelihood. However, literature on 
traditional plant use is still scarce as the comprehensive alkylation of DNA and therefore interferes with 

DNA synthesis and functions (Bhatt et al., 2017). and scientific basis for most medicinal herbs is still 
missing (Zizka et al., 2015). Also, the formulations and 

Herbal medicine, sometimes called traditional or sales are poorly regulated (Oshikoya et al., 2013). 
natural medicine, entails the use of plant Immunomodulative efficacy and safety data for some 
products for medicinal purposes, a practice that of the imported herbal medicines are available in the 
dated back millennia (Kumar et al., 2012; literature to guide their use (Choi et al., 2013) , however, 
Shaista and Ahmad, 2011). Which can be more such important information is not available in our 
effective, less toxic, and safer than conventional locally produced herbal medicines in Nigeria. Previous 
medicines and could be administered for a long studies (sah et al., 2018; Hamid et al., 2021) on the PHF 
period (Vinothapooshan and Sundar, 2011). showed that it has immunostimulatory activity. 
Herbal medicines with immunomodulatory However, its activity in immunosuppressed conditions 
activity alter the immune function through the was not assessed. Therefore this study was aimed at 
dynamic regulation of molecules such as determining the therapeutic and protective potential of 
cytokines and chemokines (Arreola et al., 2015). the PHF in the cyclophosphamide-induced 
Herbal  drugs are  known to possess  immunosuppression model. It will particularly provide 
immunomodulatory properties and generally act an insight into the effect of a high dose of the PHF in 
by stimulating both specific as well as non- neutralizing the immunosuppressed condition using 
specific immunity (Hajra et al., 2012) . cytokines parameter.

Polyherbal formulations (PHF), comprises Materials and Methods
various herbal products with assumed additive Plant Materials
effects such herbal constituents with diverse Al-Mustakshif Medical Health Center, Kano (RC: 
pharmacological activities principally work 1393615) provided the herbal materials as 
together in a dynamic way to produce maximum previously reported (Isah et al., 2018). The PHF 
therapeutic benefits with minimum side effects comprises five plant materials namely: Adansonia 
(Barik et al., 2015). The PHF has been used for the digitata (Baobao-leaves: UDUH/ANS/0194), 
treatment of different conditions (Petchi et al., Acacia senegal (Gum Arabic tree-Bark: 
2015). It is believed that the mixture of different UDUH/ANS/0195), Allium sativum (Garlic-
herbal species in these PHFs shows a better Yellow-bulb: UDUH/ANS/0196), Bauhinia 
therapeutic effect than either of the species on its ru fescens  lam  (Orch id  Hedge-Bark :  
own (Subhasree et al., 2015). The immune system UDUH/ANS/0197) and Acacia polyacentha wild 
protects the human host from foreign invasion. It is (Black Cutch-Bark: UDUH/ANS/0198). The plant 
involved in the recovery from diseases determined taxonomic identification was carried out at the 
by the host's immune status such as cancer, Herbarium section of the Botany Unit, Department 
obesity, diabetes, tuberculosis, etc. Thus, the of Biological Sciences, Faculty of Sciences, 
body's immune function is vitally important for the Usmanu Danfodiyo University, Sokoto, Nigeria. 
prevention and recovery from these immune- The individual plant pharmacological potential was 
mediated diseases (Kumar et al., 2014). The study reported in our previous study (Isah et al., 2020).
of medicinal plants and the knowledge of their 
traditional use can provide useful information for Polyherbal extract 
the discovery of new drugs that could be less Department of Immunology, School of Medical 
expensive than most commercially available Laboratory Sciences, Usmanu Danfodiyo 
synthetic drugs. Moreover, natural products, either University, Sokoto supplied the aqueous extract 
pure compounds or standardized plant extracts, of the PHF. The extract was initially labelled as 
provide unlimited opportunities for the PHF aqueous extracts then stored and preserved 
development of new leads in drug discovery at 5°C in airtight bottles. About 0.1 g of the dried 
(Cecilio et al., 2012). extract was dissolved in 1 ml of distilled water 
A large proportion of African inhabitants live in rural and this served as stock. The stock was prepared 
communities and strongly depend on local plant in batches (Hamid et al., 2021).
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Experimental Animals Sample Collection and Processing
Twenty-four (24) Albino Wistar rats of 10-12 On the first day prior to any intervention, one 
weeks old male and female that weighted milliliter (1 ml) of the blood sample was collected 
averagely 145g to 155g were purchased from from each rat in the groups through the tail vein. The 
Ahmadu Bello University, Zaria's Faculty of blood sample collected was dispensed into a plain 
Veterinary Medicine. Animals were housed at tube and allowed to clot within 30 minutes of the 
Usmanu Danfodiyo University, Sokoto's Faculty collection. It was centrifuged at 4000 rpm for 20 
of Pharmaceutical Sciences with alternating 12 minutes to obtain a neat serum. The supernatant was 
hours of light and dark cycles at ambient transferred into specimen bottles and labelled as a 
temperature. Food and water were available to pre-treatment sample for cytokines analysis. At the 
the rats ad libitum, animals were allowed two end of the experiment (after 28 days), the blood 
weeks to acclimatize. Animals were handled sample was collected from each rat via cardiac 
according to the guidelines for handling puncture under 50 mg/kg ketamine and 10 mg/kg 
laboratory animals and ethical guidelines of the xylazine administered intramuscularly. The 
Animal Ethics Committee of the Department of samples were processed as stated above and labelled 
Pharmacology and Toxicology, Faculty of as post-treatment samples for cytokines analysis.
Pharmaceutical Sciences, Usmanu Danfodiyo 
University, Sokoto, who approved the study with M e a s u r e m e n t  o f  S e r u m  C y t o k i n e s  
reference number: PTAC/PF/AE/ OT/11-19. Concentration

Blood samples for serum cytokine analysis were 
Grouping of Animals and Treatment collected at two different intervals (i.e., Pre-
We randomly divided the rats into six (6) groups of treatment and post-treatment) across the groups. 
four (4) rats each, Normal control (NC) group The serum concentrations of cytokines (IFN-ã, 
received 10 ml/kg b.w of normal saline for 28 days IL-4, and IL-10) were determined using a 
orally. The positive control (PC) group received sandwitch enzyme-linked immunosorbent assay 
50mg/kg b.w of Levamisole Hydrochloride (ELISA) purchased from Beijing Solarbio 
(LEV) (Beijing Solarbio Science and Technology Science and Technology Co., Ltd (China). The 
Co., Ltd., China) for 28 days orally. procedure was performed according to the 
Cyclophosphamide (CP) control (CC) group had manufacturer's instructions. The assay 
10 mg/ kg b.w of CP (Beijing Solar Bio Science sensitivity was 19 pg/ml, 7 pg/ml, and 15 pg/ml 
and Technology Co., Ltd, China) for three days for IFN-ã, IL-4, and IL-10 respectively.
subcutaneously. The Treatment control (TC) 
group received 1500 mg/ kg b.w of PHF orally for Statistical Analysis
28 days. Treatment 1 (T1) group (CP+PHF) Data obtained were analyzed using SPSS version 
received 10 mg/ kg b.w of CP for three days 25. Continuous variables were reported as mean 
subcutaneously, followed by oral administration and standard deviation (SD). One way between-
of 1500 mg/ kg b.w of PHF for 28 days.  Lastly, the groups of analysis of variance (ANOVA) was 
Treatment 2 (T2) group (PHF+CP) received 1500 used to explore differences in mean serum 
mg/ kg b.w of PHF for 28 days orally, followed by concentration of the cytokines across the groups. 
subcutaneous administration of 10 mg/ kg b.w of A post hoc test, Bonferroni was used to compare 
CP for three days. between the groups. A p-value ≤  0.05 was 

considered statistically significant.
Immunosuppression Induction
Immunosuppression was induced among group Results
CC, T1, and T2 through administration of CP 10 The effect of PHF on IFN-ã across the groups 
mg/kg body weight subcutaneously for three was explored using ANOVA. As depicted in 
consecutive days. After the last dose, complete Table 1, for pre-treatment sample there was no 
clinical signs of immunosuppression such as statistically significant difference in mean serum 
weakness, weight loss, spontaneous loss of hair, concentration of IFN-ã across the groups (F = 
and diarrhoea were observed. 1.14, p = 0.391). However, in post-treatment 

sample there was a statistically significant 
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difference in mean serum concentration of IFN-ã 12.80 pg/ml, SD = 1.14), 95% CI: -5.15 to -24.66 
across the groups (F = 15.30, p < 0.0001). Post- (p =0.04) ; Treatment control (TC) (M = 38.33 
hoc comparisons using the Bonferroni tests pg/ml, SD = 1.32), 95% CI: -30.68 to -0.86 (p 
indicated that the mean serum concentration of =0.03) ; Treatment (T1) (M = 39.88 pg/ml, SD = 
IFN-ã for Normal control (NC) (M = 22.55 1.38), 95% CI: -32.23 to -2.41 (p=0.01) and 
pg/ml, SD = 1.65) was significantly  different Treatment (T2) (M=32.50pg/ml, SD= 1.48), 
from that of Postive control (PC) (M = 38.89 95%CI: -30.01 to  -0.19 (p=0.04). However, 
pg/ml, SD = 1.32), 95% CI: -31.24 to -1.42 (p there was no statistically significant difference 
=0.02); Cyclophosphamide control (CC) (M = when other groups were compared (p > 0.05). 

  

Table 1: Serum Concentration of IFN -? at Pre-
 
and Post-

 
Treatment with aqueous extract of PHF

 

Grouping & Dose (kg b. w) (N = 24) 
IFN-ã  (pg/ml)  

Pre-treatment Mean (SD)  Post-treatment (Mean SD)

NC (Normal saline 10 ml) 23.98 (1.85)  22.55 (1.65)  

PC (Levamisole Hydrochloride 50 mg) 20.82 (1.86)  38.89 (1.32)
 a*  

CC (Cyclophosphamide 10 mg) 18.21 (1.83)  12.80 (1.14)
 b*  

TC (PHF 1500 mg) 21.96 (1.45)  38.33 (1.32)  c*  
T1 (CP 10 mg + PHF 1500 mg) 19.99 (1.58)  39.88 (1.38)  d*

 
T2 (PHF 1500 mg + CP 10 mg) 18.19 (1.74)  32.50 (1.48)  e*

 
p=0.391  p<0.0001  

a= I vs II, b= I vs III, c=I vs IV, d=I vs V, e= I vs VI *p ≤ 0.04.  NC -  Normal control, PC-  Positive 

control, CC-Cyclophosphamide control, TC -Treatment control, T - Treatment

As depicted in Table 2, for the pre-treatment sample pg/ml, SD = 1.86), 95% CI: 2.64 to 35.62 (p=0.02) ; 
there was no statistically significant difference in the Treatment control (TC) (M = 266.70 pg/ml, SD = 
mean serum concentration of IL-4 across the groups 1.19), 95% CI: -148.65 to -115.68 (p<0.001) ; 
(F = 1.07, p = 0.423). However, in the post-treatment Treatment (T1) (M = 269.63 pg/ml, SD = 1.56), 
sample, there was a statistically significant 95% CI: -151.58 to -118.61 (p<0.001) and 
difference in the mean serum concentration of IL-4 Treatment (T2) (M = 262.13 pg/ml, SD = 1.84), 
across the groups (F = 532.43, p < 0.001). Post-hoc 95% CI: -144.08 to -111.11 (p<0.001). However, 
comparisons using the Bonferroni tests indicated there was no statistically significant difference when 
that the mean serum concentration of IL-4 for other groups were compared (p > 0.05). Table 3 
Normal control (NC) (M = 134.53 pg/ml, SD = show that in both pre- and post-treatment samples 
1.66) was significantly  different from that of there was no statistically significant difference in 
positive control (PC) (M = 270.10 pg/ml, SD = mean serum concentration of IL-10 across the 
1.49), 95% CI: -152.05 to -119.08 (p<0.001); groups (p > 0.05).
Cyclophosphamide control (CC) (M = 115.40  

Table 2: Serum Concentration of IL-4 at Pre- and Post-  Treatment with aqueous extract of PHF  

Grouping  and Dose (kg b. w) (N = 24) IL-4 (pg/ml)  

Pre-treatment Mean (SD)  Post-treatment (Mean SD)  

NC (Normal saline 10 ml) 130.33 (1.78)  134.53 (1.66)  

PC (Levamisole Hydrochloride 50 mg) 134.40 (1.95)  270.10 (1.49)a***  

CC (Cyclophosphamide 10 mg) 133.73 (1.55)  115.40 (1.86)b*  

TC (PHF 1500 mg) 127.90 (1.29)  266.70 (1.19)c***  
T1 (CP 10 mg + PHF 1500 mg) 129.06 (1.98)  269.63 (1.56)d***

 
T2 (PHF 1500 mg + CP 10 mg) 128.96 (1.49)  262.13 (1.84)e***

 

              p=0.423            p<0.001  
a=I vs II, b= I vs III, c= I vs IV, d= I vs V, e= I vs VI *p= 0.02, ***p<0.001 . NC-  Normal  control, PC-  
Positive control, CC-Cyclophosphamide control, TC-Treatment control, T-  Treatment  
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Table 3: Serum Concentration of IL-10 at Pre- and Post-  Treatment with aqueous extract of PHF

Grouping & Dose (kg b. w) (N = 24) IL-10 (pg/ml)  

Pre-treatment Mean (SD)  Post-treatment  (Mean SD)  

NC (Normal saline 10 ml) 1015.6 (1.51)  1028.3 (1.64)  

PC (Levamisole Hydrochloride 50 mg) 1028.7 (1.90)  1034.0 (1.28)  

CC (Cyclophosphamide 10 mg) 1065.0 (1.47)  1028.0 (1.51)  

TC (PHF 1500 mg) 1013.1 (1.44)  1041.3 (1.83)  

T1 (CP 10 mg + PHF 1500 mg) 1009.0 (1.12)  1086.6 (1.60)  

T2 (PHF 1500 mg + CP 10 mg) 1019.5 (1.12)  1005.4 (1.02)  

  p=0.203  p=0.87  

NC- Normal control, PC - Positive control, CC -Cyclophosphamide control, TC -Treatment control,

T - Treatment  

Discussion observed. The indifference is due to the potential 
A substance that can stimulate or suppress the role of the PHF in neutralizing the effect of CP, 
immunne system is referred to as an thus rendering the activity of the drug 
immunomodulator.  The use of  these i n e f f e c t i v e .  T h i s  e m p h a s i z e s  t h e  
immunomodulators to control disease conditions immunostimulatory activity of the formulation 
is widely accepted globally (Nfambi et al., on immune cells responsible for the secretion of 
2015). Therefore, regulation of the normal IFN-ã and IL-4 cytokines. Further study will be 
function of the immune system depends on the required to provide information on the specific 
balance between stimulation and suppression of cells responsible for the cytokine secretion. It 
immune cells (Bagwan et al., 2017). Checking also, implies that the formulation possesses 
this balance regularly is desirable depending on phytoconstituents can stimulate immune cells.
the interest. However, the immune system can be  
modulated to improve disease conditions which Several plant constituents can induce the 
generate research interest (Tripathi, 2012). secretion of cytokines. For instance, saponins 

stimulate lymphocytes and IFN-ã (Cho et al., 
This study demonstrated a significant increase in 2002). Polysaccharides in herbs have been 
serum levels of IFN-ã and IL-4 in the samples proven to possess a potent immunostimulating 
collected after treatment with PHF (i.e., post- effect by significantly increasing IFN-ã 
treatment samples) across the groups. However, production in mice (Li et al., 2003). Flavonoid, 
no significant difference was observed in IL-10 phenol, and glycoside improve immunity and 
concentration in the post-treatment sample. The augments both cell-mediated and humoral 
observed changes may be attributed to the effect immune responses (Chiang et al., 2003). 
of the PHF. This suggests that CP's Likewise, secondary metabolites like flavonoid, 
immunosuppressive effect on IFN-ã and IL-4 phenol, and glycoside enhance IFN-ã 
level was neutralised by the PHF. This is an production, inhibits apoptosis, enhance NK cell 
indication that the PHF has a protective and/or activity and promote antibody-dependent cell-
therapeutic tendency against the CP effect on the mediated cytotoxicity (Ganju et al.,2003). 
immune cells responsible for the secretion of Phytophenols enhance the IFN-ã levels (Murali 
these cytokines. Some formulations have been and Kuttan, 2016). Quercetin a flavonoid has 
reported to stimulate the desired immunological been reported to reduce IL-4 and increased IFN-ã 
response (Sulaiman et al, 2010). concentration in bronco-alveolar lavage fluid 

(BALF) of mice (Park et al., 2009).
In comparison between Treatment groups (i.e., 
T1 and T2) and positive control and/or treatment We reported the presence of secondary 
control groups, no significant difference was metabolites including alkaloids, terpenoids, 
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steroids, cardiac glycosides, flavonoids, cytokine that is produced by almost every 
saponins, tannins, polyphenols, carbohydrates, immune cell, limiting excessive immune 
phytosterols, proteins, and vitamins in the responses in both cell-mediated and humoral 
aqueous extract of this polyherbal formulation immune responses, and it inhibits the effects of 
previously (Isah et al., 2020). Therefore, these pro-inflammatory cytokines such as IL-2, IL-4, 
observed biological activities may be attributed and IFN-ã (Ng et al., 2013).  It displays both 
to some of the above metabolites. immunosuppressive and immunostimulating 
 activities (Mannino et al., 2015). 
Our findings corroborate that of Jin et al. (1994), 

Conclusionwhich reported that aqueous extract of hi-ka-ron 
There is a significant increase in serum a PHF induce an increase in IFN-ã production, 
concentration of IFN-ã and IL-4 among the and that of Shin et al. (2003) who reported that a 
immunosuppressed Wistar albino rats treated PHF called PG 201 increase IL-4 production. 
with PHF. This indicates that the PHF has Contrastingly Wang et al. (2005), reported that 
neutralise the immunosuppressive condition and aqueous extract of Shen-fu-tang a PHF decreases 
induced immunostimulatory activity on the IFN-ã production. Also, Kurokawa et al. (2002), 
immune cells responsible for the secretion of the also reported contrary findings.
cytokines. There is no significant increase in  
serum concentration of IL-10 among the The IFN-ã is regarded as a proinflammatory 
immunosuppressed Wistar albino rats treated cytokine, associated with Th1 cells stimulating 
with PHF. Therefore,  no s ignif icant  macrophage function and cytotoxic T-cell function 
immunomodulatory activity on the cytokine.(Saroj et al., 2012). IFN-ã is one of the most vital 

cytokines that induced immune shift toward Th1 
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