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Abstract

Introduction: Bio-Clean II has been previously shown to boost immunity, fight viral infection, and possesses anti-inflammatory 
properties by regulating the serum level of inflammatory cytokines in rats exposed to purified bacterial lipopolysaccharide 
(LPS). In this study, we investigated the immunomodulatory effect of Bio-Clean II on T-Helper 4 and Cytotoxic T-Lymphocytes 
in rats exposed to purified bacterial LPS.
Materials and Methods: A total of 36 male Wistar rats weighing 150g±50g (mean±SD) were purchased and randomly 
assigned to six (6) groups of 6 rats each. Group 1, 2, 3, 5 and 6 were induced with a single dose of 5mg/Kg of purified LPS® (E. 
coli 0127:B8, Sigma-Aldrich, St. Louis, USA), administered through intraperitoneal route using 1ml sterile needle and syringe, 
except for group 4 which served as the zero control (given water and feed only throughout the experiment). Group 1 served as 
the inflammation control. Group 2 which served as the positive control received 50mg/Kg/bid Diclofenac +500mg/kg/bid of 
Ciprofloxacin. Group 3 which served as the negative control received sterile phosphate buffer saline (PBS). While rats in group 
5 and group 6 were treated orally with the herbal remedy “Bio-Clean II” for 7 days and 14 days, respectively. After which, the 
rats were sacrificed and a cardiac blood specimen was taken from each rat by terminal bleeding from the heart. CD4 and CD8 
Cell counts were evaluated using Fluorescence photomicroscopy and ELISA techniques, respectively.
Results: The outcome of this investigation shows that treatment with Bio-Clean II resulted in a significant (P<0.05) increase 
in CD4 cell count in duration-dependent manner, 7 days (8.40±1.44 Cells/ul) and 14 days (18.40±2.66 Cells/ul), respectively, 
when compared to the inflammation control (4.80±1.16 Cells/ul). There was also a significant (P<0.05) decrease in CD8 cell 
count of the Bio-Clean II treated groups: 7 days (27.67±1.32ng/ml) and 14 days (17.44±1.00ng/ml) when compared to the 
inflammation control (32.93±2.52ng/ml).
Conclusion: Bio-Clean Il caused significant alterations in the CD4 and CD8 counts of rats exposed to purified lipopolysaccharide. 
The outcome of this study, underscores the potential role of Bio-Clean Il in the treatment of bacterial inflammatory diseases, 
however, the molecular mechanism behind this action warrants for further investigation.
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Abbreviations: LPS: Lipopolysaccharide; E.coli: 
Escherichia coli; CD4: Cluster of Differentiation 4; CD8: Cluster 
of Differentiation 8; ELISA: Enzyme Linked Immunosorbent 
Assay; CIP: Ciprofloxacin; DIC: Diclofenac; PBS: Phosphate 
Buffered Saline; H20: Water; uL: Microliter, ng: nanogram; 
r: Co-efficient of correlation; Wt: Weight; ATM: African 
Traditional Medicine; HIV: Human Immunodeficiency Virus; 
IL-2: Interleukin-2; IL-6: Interleukin-6; IL-10: Interleukin-10; 
TNF-α: Tissue Necrosis Factor-Alpha; IFN-γ: Interferon-
Gamma; Th cells: T helper cells; CD8+ T-cell: Cytotoxic T 
Lymphocyte; MHC: Major Histocompatibility Complex; SD: 
Standard Deviation; OD: Optical Density; EDTA: Ethylene 
Diamine Tetra Acetic Acid; LED: Light-Emitting Diode 
(LED); Hb: Haemoglobin; HRP: Horseradish Peroxidase; Ab: 
Antibody; Ag: Antigen; SPSS: Statistical Package for Social 
Scientists. 

Introduction

The use of herbal remedies to cure and manage a 
variety of diseases has grown increasingly popular as part 
of African Traditional Medicine (ATM) [1-3]. In Nigeria, 
herbal treatments are widely utilized to cure illnesses 
such as malaria, typhoid, headache, fever, pile, diarrhea, 
constipation, and arthritis, to name a few [4,5]. Herbal 
medicines have found their way into modern medicine 
due to its antibacterial, antiviral, and anti-inflammatory 
properties [6-9]. The herbal remedy “Bio-Clean II” for 
instance, has been demonstrated to boost immunity and 
fights viral infections like HIV. It has been shown to induce 
an increase in CD4 Cell Count and body weight, while 
decreasing viral load in a group of HIV positive women 
[10,11]. It has also been shown to modulate the levels 
of inflammatory cytokines including Interleukin-6 (IL-
6), Interleukin-10 (IL-10), Tissue Necrosis Factor-Alpha 
(TNF-α) and Interferon-Gamma (IFN-γ) in experimental 
lipopolysaccharide (LPS)-induced inflammation using 
animal model [12]. Many of the preventive and therapeutic 
effects of Bio-Clean II are directly or indirectly attributable 
to its immunomodulatory properties [13] due to the 
presence of some important phytochemicals including 
resin, alkaloids, saponins, anthraquinones, tannin, and 
Cardiac Glycoside as reported in our previous studies 
[9]. Bacterial lipopolysaccharides (LPSs) are a major 
component of Gram-negative bacteria’s outer membrane. 
Invading microbes are known to produce glycol conjugates, 
which are recognized as a molecular signature. LPSs are 
amphiphilic polymers that have three distinct genetic, 
structural, and functional regions: the lipid A, the core 
oligosaccharide, and a polysaccharide component, and the 
O-chain [14].

Exposure to bacterial lipopolysaccharide (LPS) has been 
associated with inflammation of body tissues characterized 

by swelling, redness, pain, and loss of function if the assaulting 
agent persists [15-17]. LPS is recognized by the immune 
system through a complex mechanism including molecules 
that bind to LPS and pass it on to cell membrane-associated 
receptors on leukocytes, endothelial cells, and other cells, 
triggering a pro-inflammatory cascade [15,18,19]. T cells, 
cytokines, catecholamines, and corticosterone, among other 
things, influence immune system modulation. Lympocyte-
activation and proliferation are critical during the assault of 
infection or other pathological states such as inflammation, 
as they are the host’s major guardians against disease 
[20,21]. Generally speaking, T cells are in charge of the cell-
mediated arm of the adaptive immune system, and they are 
primarily concerned with cellular immune responses to 
intracellular invaders like viruses (as well as the regulation 
of B cell responses). They use cell surface receptors (T cell 
receptors) to identify antigen. Different subsets of T cells 
exist with specific and diverse immunological functions 
[22]. 

T helper cells (Th cells), for example, are a type of T cell 
that play an important role in the adaptive immune system. 
They are also known as CD4+ cells because they express 
CD4 on their surfaces. They “help” the function of other 
immune cells by releasing cytokines, as their name implies 
[23-25]. These cells aid in polarizing the immune response 
into the appropriate kind, depending on the nature of the 
immunological attack. They are assumed to be vital for B 
cell antibody class switching, dendritic cell cross-tolerance, 
activating and developing cytotoxic T cells, and enhancing 
the bactericidal activity of phagocytes like macrophages and 
neutrophils [26]. When MHC class II molecules, which are 
expressed on the surface of antigen-presenting cells, present 
them with peptide antigens, they become activated (APCs). 
They divide quickly after activation and release cytokines 
that govern or support the immune response. IL-2 and IFN 
are mainly released by activated CD4+ cells [27]. On the 
other hand, a cytotoxic T lymphocyte (also known as CD8+ 
T-cell) is a type of white blood cell that destroys cancer cells, 
cells infected with intracellular pathogens (such viruses 
or bacteria), and cells that have been injured in some way 
[28]. The appearance of the CD8 protein on the cell surface 
distinguishes these cells. Short peptides (8-11 amino acids 
in length) associated with MHC class I molecules, which are 
found on the surface of all nucleated cells, help cytotoxic T 
lymphocytes recognize their targets.

Cytotoxic T cells could produce some IFN-γ. These 
cytokines affect the effector activities of other cells, such 
as macrophages and natural killer cells (NK cells). CD4+ or 
CD8+ memory T cells that express CD45RO are common 
[29]. In a rat model of arthritis, cytotoxic T lymphocytes have 
been linked to the progression of the disease by depleting 
glycosaminoglycans and other cartilage macromolecules 
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[30]. Several animal investigations have revealed that the 
primary role of cytotoxic T cells is to promote inflammation. 
The generation of cytokines by CD8+ cells is thought to speed 
up the progression of arthritis [31]. For individuals suffering 
from CD4+ lymphopenia caused by a variety of infectious 
diseases, medications, or cancer, any treatment (orthodox 
or traditional) that promotes the proliferation of CD4+ and 
depletion of CD8+ cells has great therapeutic potential [21]. 
T cells are frequently affected by the presence of bacterial 
lipopolysaccharide [32]. To the best of our knowledge, this 
study is the first to assess the modulation of T-Helper 4 and 
Cytotoxic T-Lymphocytes as therapeutic mechanisms of Bio-
Clean II in purified Bacterial Lipopolysaccharide-Induced 
Inflammation in Rats. This study was therefore designed 
to  determine the effect of Bio-Clean II on CD4 and CD8 Cell 
Count in rats exposed to purified bacterial LPS in comparison 
to controls.

Materials and Methods

Study Design

Animal models are used in this analytic experimental 
investigation.

Duration of Study

The research work lasted for a period of 3 months (April-
July, 2021).

Study Area

The research was conducted at Babcock University’s 
Experimental Animal House in Ilishan-Remo, Ogun State.

Source of Bio-Clean II

Bio-Clean II was procured from the manufacturer/
maker on demand. 

Source of Purified Lipopolysaccharide

As lyophilized powder, purified Lipopolysaccharide® 
(E. coli 0127:B8, Sigma-Aldrich, St. Louis, MO, USA) was 
purchased in vials. It was reconstituted in sterile Phosphate 
Buffer Saline (PBS) and given as a single dose (5 mg/kg) 
intraperitoneally.

Standard Drugs

Diclofenac (50mg) and Ciprofloxacin (500mg) were 
purchased from the Pharmacy Unit, Babcock University 
Teaching Hospital, Ilishan-Remo, Ogun State. Twenty (20) 
mL of Ciprofloxacin and Diclofenac suspension was prepared 

daily by dissolving one tablet each in 20 mL of sterile distilled 
water to obtain a concentration of 25mg/ml of Ciprofloxacin 
and 2.5mg/ml of Diclofenac.

Experimental Animals

A total of 36 male albino rats weighing 150g±50g 
(mean±SD) were obtained from the University of Ibadan’s 
small animal house and were clinically screened for 
evidence of infection or abnormalities upon arrival. At 
the Experimental Animal House, Department of Animal 
Science, School of Agriculture and Industrial Technology, 
Babcock University, Ilishan-Remo, the animals were housed 
separately in well-ventilated wire-bottom steel cages under 
hygienic conditions at 25°C and a relative humidity of 45-
50%. (Ogun State, Nigeria).

The rats were randomly separated into six groups 
of six rats each and given a regular rat meal (10g/100g 
body weight) twice daily as well as free tap water. The 
rats were allowed to acclimate in the Animal House to 
a consistent 12-hour light-dark cycle for 14 days prior 
to the commencement of the investigation. All animal 
experiments were carried out in accordance with the 
Current Animal Care Regulations and Standards of the 
Institute for Laboratory Animal Research (ILAR) [33]. 
The experimental animals were treated as shown in the 
experimental pharmacological protocol below (Table 1). 
Group 1 received a single dose of 5mg/Kg of purified LPS 
intra-peritoneally (Inflammation control). Group 2 received 
5mg/Kg of purified LPS, 50mg/Kg/bid Diclofenac and 
500mg/kg/bid of Ciprofloxacin (Positive Control). Group 
3 received 5mg/Kg of purified LPS and sterile Phosphate 
Buffer Saline (Negative control). Group 4 was not exposed 
to purified LPS, rather they received water and feed only 
throughout the experimental period (Zero Control). Group 
5 and 6 were treated with Bio-clean II for 7 and 14 days, 
respectively, post-exposure to purified LPS. Therapy with 
Bio-clean II was initiated by day 2 post-LPS challenge (Table 
1). The volume of Bio-clean II suspension given to each rat 
orally through an intragastric tube was determined and 
recorded prior to the start of the treatment period. After 
then, the rats were checked daily for any alterations. For 
the number of days stipulated in the experimental protocol, 
the study animals were administered a suitable volume 
of suspension (5ml/kg body weight) twice daily, every 12 
hours (between the hours of 6.00-6.30 AM/PM). Before 
administration, the suspension was gently shaken and 
delivered via oral gavage. At days 8 and 15, the rats were 
sacrificed by cervical dislocation, as described by Ochei J, 
et al. [34], and cardiac blood samples were collected for 
evaluation of CD4 and CD8 Cell Counts.
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Groups Treatments 
G1(n=6) Received 5mg/Kg of Purified Lipopolysaccharide (Inflammation control)

G2(n=6) Received 5mg/Kg of Purified Lipopolysaccharide + 50mg/Kg/bid Diclofenac+500mg/Kg/bid of Ciprofloxacin 
(Positive control).

G3(n=6) Received 5mg/Kg of purified Lipopolysaccharide + sterile Phosphate Buffer Saline (Negative control).
G4(n=6) Received water and feed only (Zero control)
G5(n=6) Received 5mg/Kg of Purified Lipopolysaccharide+ Bio-clean II for 7 days
G6(n=6) Received 5mg/Kg of Purified Lipopolysaccharide+ Bio-clean II for 14 days

Table 1: Experimental pharmacological protocol
Where “n” = the number of rats in each group.

Collection of Blood Specimens

Cardiac blood specimen was collected from each 
experimental animal by terminal bleeding from the heart. 
The dead rat was placed on its back on a cork board and 
strapped across the forelegs and hind legs with two adhesive 
tapes. A 40 X 0.8mm needle was inserted in the center line 
at the tip of the sternum and pushed forward at 45oC until 
it punctured the heart. The needle was moved forward 
until blood began to flow into the syringe. The needle was 
rapidly withdrawn after collecting roughly 4ml of heart 
blood. Two milliliters (2 ml) of the blood specimen collected 
was put into a clean container with anticoagulant (EDTA) in 
preparation for CD4 cell count. The remaining two milliliters 
(2 ml) was transferred into a plain bottle to clot. The non-
anticoagulated blood specimens were made to stand for 
about an hour to clot, retract and centrifuge afterwards at 
3,500 rpm for 10 minutes at room temperature. The yielded 
serum was transferred to another clean sterile plain bottle 
and used for CD8 estimation. The used needle was disposed 
of in a disinfected jar and then autoclaved.

Laboratory Analyses

Evaluation of CD4+ Cell Counts

The CD4 cell count was evaluated using the cartridge 
BD FACSPresto Near-patient CD4 Counter according to the 
manufacturer’s instructions as described by Moon S, et al. 
[35].

Test principle

Fluorescence photomicroscopy and light absorbance 
detection on a multicolor platform are used to operate the 
instrument. LEDS illuminate on or through a sample, and the 
resulting signal is captured on a digital camera chip through 
a microscope lens and emission filter, or spectrometer 
equipment. Each test was performed with a cartridge 
containing dried reagents. An entrance port to the cartridge 

receives the whole blood from a capillary or venipuncture 
specimen. CD4 absolute count and the proportion of CD4+ T 
cells among lymphocytes (percent CD4) are all determined 
using the same cartridge. The software is built into the 
instrument, which is controlled via a touchscreen interface. 
The absolute CD4 count, percent CD4, and Hb concentration 
are all calculated automatically by the software algorithms. 
The findings can be viewed on the screen, printed, and 
exported.

Evaluation of CD8+ Cell Counts

CD8 cell count was estimated using Elabscience Enzyme 
linked immunosorbent assay (ELISA) CD8 test kit according 
to the manufacturer’s instruction as described by Kannangai 
R, et al. [36].

Test Principle

This ELISA CD8 test kit uses the sandwich-ELISA 
principle. This kit includes a micro ELISA plate that has been 
precoated with a Rat CD8 antibody. Samples or standards are 
placed in micro ELISA plate wells, which are then mixed with 
the relevant antibody. Each microplate well was treated with 
a biotinylated detection antibody specific for Rat CD8 and 
Avidin-Horserad Peroxidase (HRP) and incubated. Each well 
receives a free substrate solution. Only the wells containing 
Rat CD8 biotinylated detection antibody and Avidin-HRP 
conjugate will turn blue. The addition of stop solution stops 
the enzyme-substrate reaction, and the color changes to 
yellow. At a wavelength of 450nm, the optical density (00) 
was determined spectrophotometrically. The OD value is 
proportional to the sample’s CD8 concentration. The ELISA 
kit has a detection range of 1.25-80 ng/ml and a sensitivity 
of 0.75 ng/ml. This kit detects the presence of Rat CD8 in 
samples. There was no evidence of considerable cross-
reactivity or interference between Rat CDS and analogues. 
The Coefficient of variation in terms of repeatability is ten 
percent.
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Elabscience CD8 Reagent Preparation 
Procedure

Briefly, the kit was taken out of the refrigerator 20 
minutes ahead of time before usage. The samples were also 
brought to room temperature and mixed properly, avoiding 
foaming in the process. A 1x working solution was made from 
the 25x concentrated wash buffer. Different concentrations 
of the reference standard were prepared and used. The 100x 
Biotinylated detection Ab/Ag and 100x concentrated HRP 
conjugate were both diluted to 1x working solution before 
use (15 minutes earlier).

Assay Procedure

Briefly, each well was filled with 100uL of standard (or 
sample) and incubated for 90 minutes at 37°C. The liquid 
was then removed and 10uL of Biotinylated detection Ab/
Ag was added, and incubated for 1 hour at 37oC. It was 
then extracted and washed three (3) times. Ninety (90) 
microliters of substrate reagent was added, and the mixture 
was incubated at 37°C for 15 minutes. The optical density 
(OD) value was immediately read at 450nm using a KC-100 
Microplate ELISA reader after adding 50 microliters of stop 
solution. The outcomes were calculated.

Data Analyses

Data were evaluated using one-way analysis of variance 
(ANOVA) and the Turkey-Kramer Multiple Comparison Test 
with the SPSS-20.0 (Statistical Package for Social Scientists-
version 20.0) statistical tool. P values of less than 0.05 were 
adjudged to be significant [37]. The mean of Six (6) rats were 
used to show CD4 and CD8 data using charts and Tables.

Results

This present study assessed the effects of “Bio-Clean II” 
herbal remedy on CD4 and CD8 cell counts in experimental 
LPS-induced inflammation using an animal model. Post 
exposure to LPS, physical examination of the rats in the 
inflammation control group, revealed the presence of 
swelling and redness especially in the feet of the rats.

Effect on CD4 Count 

The CD4 count of the test and control rats posttreatment 
with Bio-clean II is represented using a bar chart (Figure 
1). The CD4 count of the 7 days (Group 5: 8.40±1.44 Cells/
μl) and 14 days (Group 6: 18.40±2.66 Cells/μl) Bio-clean II 
treated rats was found to be significantly higher (p=0.040 and 
p=0.032, respectively) when compared to the inflammation 
control (Group 1: 4.80±1.16 Cells/μl). On the one hand, it was 
found to be non-significantly lower (p=0.117 and p=1.000, 

respectively) when compared to the positive control (Group 
2: 21.80±3.06 Cells/μl), but on the other, it was found to 
be significantly higher (p=0.016) when compared to the 
negative control (Group 3: 6.80±1.59 Cells/μl). Furthermore; 
the CD4 count of the 7 days Bio-clean treated rats (Group 5: 
8.40±1.44 Cells/μl) was also observed to be non-significantly 
lower (p=0.371) when compared to the zero control (Group 
4: 13.60±1.36); but that of the 14 days (Group 6: 18.40±2.66 
Cells/μl) was found to be significantly higher (p=0.026). 
In addition, the CD4 count of the 14 days Bio-clean treated 
rats (Group 6: 18.40±2.66 Cells/μl) when compared with 
that of the 7 days Bio-clean treated rats (Group 5: 8.40±1.44 
Cells/μl) was found to be significantly higher (p=0.010). 
Meanwhile, the CD4 count of the positive control (Group 2: 
21.80±3.06 Cells/μl) was found to be significantly higher 
(p=0.019) than of the negative control (Group 3: 6.80±1.59 
Cells/μl).
 

Figure 1: Effect of Bio-Clean II on CD4 Cell counts in rats 
exposed to purified bacterial lipopolysaccharide.
Keys: CD = Clusters of Differentiation, LPS = 
Lipopolysaccharide, CIP = Ciprofloxacin, DIC = Diclofenac, 
PBS = Phosphate Buffered Saline, H20 = Water, uL = 
Microliter.

Effect on CD8 Count

The CD8 count of the test and control rats post treatment 
with Bio-clean II is presented using a bar chart in Figure 2. 
The CD8 count of 7 days Bio-clean treated rats (Group 5: 
27.67±1.32ng/mL) was found to be non-significantly lower 
(p=0.835) in comparison to the inflammation control (Group 
1: 32.93±2.52ng/mL); while that of the 14 days Bio-clean II 
treated rats (Group 6: 17.44±1.00ng/mL) was significantly 
lower (p=0.029). In comparison to the positive control 
(Group 2: 18.92±2.22ng/mL), the CD8 count of 7 days (Group 
5: 27.67±1.32ng/mL) and 14 days (Group 6: 17.44±1.00ng/
mL) Bio-clean treated rats were found to be non-significantly 
higher and lower, p=0.179 and p=1.000, respectively. Still, in 
comparison to the negative control (Group 3: 35.72±1.47ng/
mL), the CD8 count of the 7 days Bio-clean treated rats (Group 
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5: 27.67±1.32ng/mL) was found to be non-significantly 
lower, but that of the 14 days Bio-clean treated rats (Group 6: 
17.44±1.00ng/mL) was significantly lower (p=0.000). Also, 
the CD8 count of the 7 days (Group 5: 27.67±1.32ng/mL) 
and 14 days (Group 6: 17.44±1.00ng/mL) Bio-clean treated 
rats was non-significantly lower (p=1.000 and p=0.068, 
respectively) when compared to the zero control (Group 
4: 28.56±2.23ng/mL). Meanwhile, the CD8 count of the 14 
days Bio-clean treated rats (Group 6: 17.44±1.00ng/mL) 
when compared with that of the 7 days Bio-clean treated rats 
(Group 5: 27.67±1.32ng/mL) was found to be significantly 
lower (p=0.005). Lastly, the CD8 count of the positive control 
(Group 2: 18.92±2.22ng/mL) when compared with that of 
the negative control (Group 3: 35.72±1.47ng/mL) was found 
to be significantly lower (p=0.006).

Figure 2: Effect of Bio-Clean II on CD8 Cell counts in rats 
exposed to purified bacterial lipopolysaccharide.
Keys: CD = Clusters of Differentiation, LPS = 
Lipopolysaccharide, CIP = Ciprofloxacin, DIC = Diclofenac, 
PBS = Phosphate Buffered Saline, H20 = Water, uL = 
Microliter, ng = nanogra

Effect on Body Weight

The change in weight of the control and test rats 
posttreatment with Bio-clean II is represented with a bar 
chart in Figure 3. The changes in body weight of the 7 days 
(Group 5: 3.00±1.05g) and 14 days (Group 6: 7.80±2.24g) 
Bio-clean treated rats were found to be significantly higher 
when compared to the inflammation control group (Group 
1: -6.80±1.69g, p=0.029 and p=0.016, respectively), positive 
control group (Group 2: -10.40±1.63g, p=0.004, each) and 
negative control group (Group 3: -5.20±1.39g, p=0.028 and 
p=0.029, respectively). Furthermore, the variation in body 
weight of 7 days (Group 5: 3.00±1.05g) and 14 days (Group 
6: 7.80±2.24g) Bio-clean treated rats was found to be non-
significantly lower (p=0.636 and p=1.000, respectively) when 
compared to the zero control group (Group 4: 10.80±3.12g). 
Meanwhile, the changes in body weight of the 14 days Bio-
clean treated rats (Group 6: 7.80±2.24g) was found to be non-
significantly higher (p=0.806) than that of the 7 days Bio-

clean treated rats (Group 5: 3.00±1.05g). The change in body 
weight of the positive control rats (Group 2: -10.40±1.63g) 
when compared with that of the negative control (Group 
3: -5.20±1.39g) was found to be non-significantly lower 
(p=0.477).

Figure 3: Effect of Bio-Clean II on body weight of rats 
exposed to purified bacterial lipopolysaccharide.
Keys: wt = Weight, LPS = Lipopolysaccharide, CIP = 
Ciprofloxacin, DIC = Diclofenac, PBS = Phosphate Buffered, 
H20 = Water.

Discussion

This current research was designed to assess the 
immunomodulatory effect of Bio-clean II on T-Helper 4 and 
Cytotoxic T-Lymphocytes in male Wistar rats exposed to 
purified Lipopolysaccharide® (from E. coli 0127: B8). The 
outcome of this study shows that Bio-clean II significantly 
increased CD4 Cell count, but significantly decreased CD8 
Cell count when compared to the inflammation control in a 
duration-dependent manner.

This is in support of our previous study12 in which there 
was a significant (p<0.001) increase in the serum level of IL-
10 and a nonsignificant (p>0.05) decrease in the serum level 
of IFN-γ and TNF-α when compared to the inflammation 
control group in rats treated with Bio-Clean II post-exposure 
to purified LPS. It also agrees with the previous work of 
Ibeh IN, et al. [10] in which CD4 Cell count was significantly 
elevated in HIV positive patients treated with Bio-Clean II 
for 30days compared to the controls who received standard 
antiretroviral therapy. In this study, the herbal remedy Bio-
clean II was shown to cause alterations in the levels of immune 
cells. The alteration is characterized by the increase in the 
initial depleted CD4+ Cells and decrease in the initial inflated 
CD8+ cells count in LPS-induced rats; thus demonstrating 
the immunomodulatory properties of the herbal remedy. 
Post-therapy, clinical cure of LPS-induced inflammation 
were defined as absence of signs and symptoms (including 
pain, swelling, twitching etc) in the treated rats compared to 
the inflammation control. The herbal remedy significantly 
improved and even cleared the symptoms of inflammation in 
the experimental animals.

https://medwinpublishers.com/AII


Annals of Immunology & Immunotherapy7

Enitan SS, et al. Immunomodulatory Effects of Bio-Clean II on T-Helper 4 and Cytotoxic 
T-Lymphocytes in Rats Exposed to Purified Bacterial Lipopolysaccharide. Ann Immunol 
Immunother  2022, 4(1): 000165.

Copyright©  Enitan SS, et al.

The result of this present study is partly in agreement 
with that of a previous study by Ahmad W, et al. [38] in 
which the immunostimulatory effect of the extract of 
Tinospora crispa (a traditional medication with indications 
for several illnesses) on innate immune responses in Wistar 
Kyoto rats was demonstrated. Animals treated with extract 
of Tinospora crispa (21days) had enhanced expression 
of CD4+ (87.745±4.09Cells/μl), and CD8+ cytotoxic T-cell 
(49.345±2.76ng/mL) in comparison with the control 
(49.085±2.88Cells/μl, and 20.255±1.61ng/mL, respectively). 
The outcome of this study is also consistent with the work of 
Tatfeng and Enitan [39] who evaluated the effects of Allium 
cepa and Allium sativum on some immunological cells in 
rats. Treatment with onion and garlic extracts (28 days) 
significantly increased the CD4 cells Count (600±11Cells/
μl and 684±11Cells/μl, respectively) when compared to the 
zero control (200±11Cells/μl) which received no herbal 
treatment. 

Furthermore, in comparison with an earlier study 
carried out by Sandikci M, et al. [40] on the effects of 
formaldehyde and xylene on CD4 and CD8 positive T cells 
in bronchus-associated lymphoid tissue in rats treated for 
21 days, the experimental animals were challenged with 
formaldehyde and Xylene, elevated values of CD4 and CD8 
cells were observed. While in this study, the CD4 counts of 
the inflammation control group (4.80±1.16Cells/μl) when 
compared to the test group (25.70 ± 2.39 Cells/μl) of the 
previous study were significantly increased. The case was 
not the same for the CD8 count which experienced non-
significant depletion (32.93±2.52ng/mL), when compared 
to the test group (21.76 ± 0.94 ng/mL) of the previous 
study. CD8 T-cells respond to viral infections in general, 
but they also help to fight bacterial and protozoal diseases. 
New methods for reliably quantifying and characterizing 
pathogen-specific CD8 T-cells have been accessible in recent 
years, and our understanding of in vivo T-cell responses 
has greatly improved. Pathogen-specific T cells, formerly 
thought to be uncommon after infection, are now seen in 
high numbers, particularly in non-lymphoid tissues in the 
periphery. The complex link between microbial-induced 
innate inflammatory responses and the speed, size, and 
character of long-term T-cell responses is also highlighted by 
comparing CD8 T-cell responses to various infections [21].

Another observation worthy of mentioning is the effect of 
Bio-clean II on the weight of the Rats. There was a significant 
(p=0.000) increase in the weights of the rats administered 
with Bio-clean II for 7 and 14 days (3.00±1.05g and 
7.80±2.24g, respectively), when compared to those treated 
with antibiotic combined with standard anti-inflammatory 
drug (-10.40±1.63g), as well as the inflammation control 
(-6.80±1.69g). Largely, the animals in the inflammation 
control, positive control, and negative control groups lost 

weight, while those in the zero control, 7 days, and 14 
days Bio-clean treatment groups gained significant weight. 
This is consistent with the findings made by Ibeh IN, et al. 
[10,11] who reported a significant increase in body weight 
of HIV positive patients treated with Bio-Clean, suggesting 
the weight gaining potential of the herbal remedy in 
immunosuppressed and malnourished individuals.

Conclusion

Bio-Clean Il caused slight alterations in the CD4 and CD8 
counts of rats exposed to purified lipopolysaccharide. The 
outcome of this study, underscores the potential role of Bio-
Clean Il in the treatment of bacterial inflammatory diseases 
if attention should be given to duration of therapy. The 
outcome of this present study gave further credence to the 
immunomodulatory potential of Bio-Clean II in LPS-induced 
inflammation. Moreover, since the immunomodulatory effect 
of the herbal remedy (especially at 14-day duration therapy) 
was comparable to that of ciprofloxacin (a conventional 
antibiotic for treating bacterial infection) and diclofenac 
(anti-inflammatory drug) combined, in view of the continuous 
emergence of antibiotic resistance, the herbal remedy may 
therefore serve as a better alternative for the treatment of 
LPS-induced inflammation; which is both cheap and readily 
available especially in resource-limited settings with little 
or no access to healthcare services. However, the signaling 
pathways involved in the immunomodulatory potential of 
the herbal remedy would require further investigation.
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