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Abstract Chemotherapy-induced immunosuppression
is a common side effect of chemotherapeutic agents like
5-Fluorouracil (5-FU), which can compromise the body’s
immune defense and increase susceptibility to infections.
The present study aimed to evaluate the potential of
Terminalia bellirica fruit extract (TBFE) and Adhatoda
vasica Linn. leaf extract (AVLE) in alleviating the
immunosuppressive effects induced by 5-FU in Wistar
albino rats. Phytochemical screening of TBFE and AVLE
revealed the presence of bioactive compounds, including
flavonoids, proteins, amino acids, glycosides, alkaloids,
phenolic compounds, and tannins, which are likely
responsible for their immunomodulatory effects. To assess
the immunostimulatory activity, various in-vivo and
ex-vivo methods were employed, including delayed
hypersensitivity reaction, carbon clearance test, neutrophil
adhesion test, and T-cell population analysis. The results
demonstrated that both TBFE and AVLE significantly
(P<0.05) ameliorated the 5-FU-induced
immunosuppression. Treatment with the extracts enhanced
paw edema following antigen -challenge, increased
neutrophil counts, phagocytic activity, total lymphocyte
count, and rossette formation. These findings suggest that
the ethanolic extracts of TBFE and AVLE have the
potential to restore immune function in 5-FU-treated rats,
highlighting their potential as natural immunostimulants in

chemotherapy-associated immunosuppression. Although
promising, further studies are needed to explore the
molecular mechanisms underlying their effects and to
establish optimal dosages for clinical applications. This
study contributes to the growing body of research on
plant-based immunomodulators, with implications for
improving the quality of life in cancer patients undergoing
chemotherapy.

Keywords  Terminalia bellirica, Adhatoda vasica
Linn., Immunosupression, 5-FU, Carbon Clearance,
Neutrophil Adhesion, T-Cell Population

1. Introduction

Any component of the immune response can be
enhanced, inhibited, or modified by substances known as
immunomodulators, which can be synthetic or natural.
Modern medicine now regards them as some of the most
powerful tools in managing health and disease. They are
generally categorized into three types: immunoadjuvants,
immunostimulants, and immunosuppressants. In healthy
individuals, immunostimulants often function as
preventive and enhancing agents, boosting the overall
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immune response. For those with impaired immune
responses, these  compounds can serve  as
immunotherapeutic agents. Modulating the immune
response through drugs stimulatory or suppressive actions
can help maintain a disease-free state in healthy
individuals.

The cells that make up the immune system are mast cells,
basophils, neutrophils, eosinophils, monocyte, macrophage,
and lymphocytes. Of these, lymphocytes are thought to be
the main immune systems regulators in humans. Natural or
innate immunity is the first line of defense and operates
without antigen specificity. It has two main components:
humoral (involving the complement system) and cellular
(comprising neutrophils, macrophages, and natural killer
(NK) cells). Adaptive immunity, which is characterized by
antigen specificity, is made up of two main parts: humoral
immunity, which is made up of antibodies produced by B
cells, and cellular immunity, which is carried out by T cells
[1].

Understanding the current body of information
regarding ADRs is essential for preventing, identifying,
and managing them, as well as ensuring the safe use of
medications. Adverse or toxic effects at therapeutics levels
are one prominent feature of anticancer medicines. The
majority of anticancer medications concentrate on nucleic
acids, which are produced swiftly during cell cycle, and
target rapidly dividing cells. Solid tumours usually have a
higher growth fraction than normal tissues such as the
reticuloendothelial system, bone marrow, gastrointestinal
lining, and gonads. Consequently, these normal tissues are
more susceptible to drug interactions in a dose-dependent
manner, with varying individual susceptibility. Effectively
managing these side effects is crucial, as they significantly
impact treatment outcomes, tolerability, and overall quality
of life [2].

Over the past few decades, the development of new
antineoplastic agents has advanced oncological treatments
but has also led to an increase in adverse drug reactions
(ADRs). Modifying the immune response, whether by
stimulating or suppressing it, can help maintain a
disease-free state. Conventional chemotherapy can work
better in cases where the immune system is compromised
when combined with medicines that stimulate the host's
defense. A substance that may stimulate the immune
system in drug induced immunosuppression and depress
the immune system in an experimental hyper-reactivity
scenario is indicative of true immunomodulation [3].

Until now, the primary focus in developing 5-FU
derivatives has been to enhance their effectiveness against
cancer and to minimize adverse effects. However, there
hasn't been a consistent emphasis on reducing their
unintended immunosuppressive effects, although some
studies have explored how anticancer drugs impact
immune responses [4,5].

A. Adhatoda vasica (Acanthaceae) spread across most
of the country, is a robust, drooping plant with intricate

leaves. In addition to mucilage and tannins in the roots, the
alkaloid mimosine is present in the leaves and stems.
Anti-diarrheal, anti-hyperglycaemic, anti-convulsant, and
cytotoxic qualities are well-known for A.vasica.

Additionally, the plant is valued for its
immunomodulatory activity due to its high alkaloid content.
The administration of leaf extracts orally has resulted in a
significant rise in the percentage of neutrophils, indicating
enhanced immunological adherence. The study measured
immune response by determining serum antibody titer, the
activity  of  antibody-producing  plasma  cells,
hypersensitivity reactions, and cytokine levels after
treatment with sheep red blood cells (SRBCs). By
evaluating tissue glutathione (GSH), catalase, superoxide
dismutase (SOD) enzyme activity, and lipid peroxidation
in several mouse groups, the antioxidant qualities of the
extract were evaluated. It has been demonstrated that the
alkaloid vasicine, which was separated from the ethanolic
extract of A.vasica and acetylated to produce vasicine
acetate, is cytotoxic to the A549 lung cancer cell line.
Additionally, in an in vitro study employing human
cervical cancer (HeLa) cells, various metabolic
components from the plant's leaves have shown protective
properties against cervical cancer [6,7].

B. Terminalia bellerica, usually referred to as Beleric
Myrobalan, is a member of the combretaceae family.
Various parts of the plant contain a range of chemical
constituents, including alkaloids, coumarins, flavones,
steroids, tannins, glycosides, terpenoids and saponins.
Terminalia bellerica has demonstrated a wide array of
medicinal activities, such as analgesic, antibiofilm,
anticancer, antidepressant, antidiabetic, antidiarrheal,
antiulcer, immunomodulatory, antispasmodic,
bronchodilatory, antifertility, antihypertensive, antifungal,
antimicrobial,  anti-inflammatory, and  antioxidant
properties.

Terminalia bellerica extracts have selectively shown
growth inhibitory effect against cancer cell lines of the
liver (HepG2) and lung (A549). The fruit extracts also
exhibit immunomodulatory activity, as evidenced by the
phagocytic and lymphocyte proliferation activities of the
methanolic extract in mice [8-10].

These characteristics of Adhatoda vasica and
Terminalia bellirica highlight their potential as natural
agents for modulating immune responses and combating
oxidative stress-related conditions. Their dual action in
promoting immune function while providing antioxidant
protection underscores their therapeutic potential in
managing immune-related disorders and supporting overall
health.

If the immunostimulatory properties of Terminalia
bellirica and Adhatoda vasica Linn. are indeed confirmed
in experimental animals, these plants could potentially
serve as adjunct therapies to mitigate
chemotherapy-induced immunosuppression. By enhancing
the immune system's functionality, these plants might be
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used alongside conventional chemotherapeutic agents to
counteract immunosuppressive effects and potentially
improve treatment outcomes in cancer patients. Reducing
immunosuppression is crucial as it can lower the
susceptibility to infections and mitigate the risk of
immune-related conditions like type 1 diabetes mellitus,
lupus erythematosus, HIV, rheumatoid arthritis, and
tuberculosis. This holistic approach not only benefits
cancer management by supporting immune health but also
enhances overall patient well-being during and after cancer
treatment.

As both plants have been shown potential
immunostimulant activity hence both plants were selected
for present study. Therefore, the present study aims to
alleviate the immunosuppressant effect of
chemotherapeutic agent by using Terminalia bellirica and
Adhatoda vasica Linn. in experimental animals.

2. Materials and Methods

2.1. Plant Materials

2.1.1. Collection of Plant

We bought Terminalia bellirica dry fruits from a nearby
store in Sangli, Maharashtra and leaves of A. vasica
collected from rural area of Kolhapur, Maharashtra in the
month of January and February 2024. The Terminalia
bellirica and A.vasica were identified and authenticated by
botanist Mrs. V. U. Waghmare, HOD department of botany,
Willingdon College, Sangli, Maharashtra, India.

2.1.2. Extraction

Ethanolic extracts of Terminalia bellirica fruits and A.
vasica leaves were prepared as described elsewhere [6,11].
Freshly prepared solutions of the extracts, dissolved in
distilled water, were used for further treatment of animals.

2.2. Preliminary Phytochemical Screening

Preliminary phytochemical screening of ethanolic
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extracts of T. bellerica fruits and A. vasica leaves was
performed as described elsewhere [12].

2.3. Animals Used

The CCSEA guidelines were followed when caring for
laboratory animals, provided by Ministry of Fisheries,
Animal Husbandry and Dairying (MoFAH&D). The
experiment was carried out after obtaining the IAEC
approval by Appasaheb Birnale College of Pharmacy,
Sangli, Mabharashtra with protocol no.
IAEC/ABCP/07/2023-24.

Animals: -

Species: Albino rats (Wistar strain)

Weight: 150-200 gm

Gender: Female

2.4. Chemicals and Reagents

All the chemicals and reagents used were of analytical
grade while the other drugs were procured from — 5-FU
(Alkem pharma), Carbon ink (Kokuyo Camlin Limited
Mumbai), Leishman’s stain (Labine Lab Pune).

2.5. Selection of Doses

The plant extracts did not exhibit any toxicity up to an
oral dosage of 2000 mg/kg, which has been documented in
previously published research studies. Consequently, the
doses of Adhatoda vasica and Terminalia belerica in the
current study have been set at 200 mg/kg and 400 mg/kg.
They were given by orally through the use of oral gavage
[13],[14].

2.6. Antigen

Freshly prepared sterile alsever's solution was used to
collect sheep blood in a 1:1 ratio. The blood was
refrigerated and centrifuged at 2000 rpm for 10 minutes to
prepare the SRBCs batch. It was then washed four or five
times with physiological saline. The RBCs were then
suspended for further usage in buffered saline [15].

Table 1. Grouping and treatment schedule for immunostimulatory activity

Sr.no. Groups Test substance Dose and route of administration (P.O)
1 Group [ Normal Vehicle Group 10 ml/kg
2 Group II Chemotherapeutic agent (5-Fluorouracil) 10 mg/kg
3 Group 11 Terminalia bellirica extract 400 mg/kg
4 Group IV A. vasica extract 400 mg/kg
5 Group V Terminalia bellirica extract + Chemotherapeutic agent (5-FU) 400 mg/kg + 10 mg/kg
6 Group VI A. vasica extract + Chemotherapeutic agent (5-FU) 400 mg/kg + 10 mg/kg
7 Group VII T”’”i"“’é‘;g;ﬁf:ﬁgfa;’xgztjg‘eﬂt r;‘fl’;%’)e’“rw i 200 mg/kg + 200 mg/kg + 10 mg/kg
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2.7. Preparation of Carbon Ink Suspension: [16]

For the carbon clearance test, 10 pl/gm of the rat's body
weight of camlin ink were used, which had been diluted
eight times with saline.

2.8. In-vivo Methods

2.8.1. Delayed Type Hypersensitivity Reaction: (21 Days
Model) [15],[17]

On 14th day of the experiment, immunizing a rat with
0.1 ml of 20% SRBCs intraperitoneally in normal saline.
Animals in the entire group are challenged on day 21 with
0.03 ml of 1% SRBCs in the right hind paw's sub-plantar
area. After a 24 hrs, on the 22" day, the foot paw response
was evaluated. By using a digital vernier caliper, the
increase in footpad edema was analyzed.

2.8.2. Carbon Clearance Test: (7 Days Model) [16],[18]

After seven days of treatment, each rat was given carbon
ink suspension via the tail vein. Five and fifteen minutes
after the carbon ink injection, a small amount of blood
samples (25ul) was collected from the retro-orbital plexus
while under a mild anaesthesia. Following blood sample
collection, a 0.1% sodium carbonate solution (3 ml) will be
used for lysing the blood sample. Using UV
spectrophotometry, the optical density was determined at
660 nm. The following formula was used to determine the
phagocytic activity:

_ (logOD1 — log 0D2)
a T2 -T1

Where,
OD1, OD2 are the optical densities at Times T1 and T2
respectively.

2.8.3. Neutrophil Adhesion Test: (16 Days Model)
[16],[18]

On the sixteenth day of the treatment, a mild anesthetic
was used to puncture the retroorbital plexus in order to
obtain blood samples from each group. Vials pretreated
with disodium EDTA were used to collect blood, which
was then subjected to analyses for differential and total
leukocyte counts (DLC and TLC). Following the initial
count, blood samples were incubated with nylon fiber (80

mg/ml, sterilized with 95% alcohol) for 15 minutes at 37°C.

TLC and DLC analyses were performed on the incubated
blood sample. The following formula was used to
determine the TLC product and the neutrophil adhesion
percentage:

NI, — NI;

x 100
NIy

Neutrophil adhesion (%) =

Where,

NIy : Neutrophil index of untreated blood samples

NIt : Neutrophil index of nylon fibre treated blood
samples

2.9. Ex-vivo Method

2.9.1. T-Cell Population Test: (11 Days Model) [19]

Antigen challenge: All groups received intraperitoneal
sensitization to 0.1 ml of SRBCs containing 1x108 cells on
the Oth day. Blood was collected from the retro-orbital
plexus on day 11 and put in many test tubes to be
anticoagulated with alsever's solution. For one-hour,
blood-filled test tubes were stored at 37°C in a slope
position (45°). After allowing the red blood cells to sink to
the bottom, each test tube's supernatant was removed using
a micropipette that is filled with lymphocytes. Test tubes
were filled with 50 pl of lymphocyte solution and 50 pl
SRBCs, then incubated. The suspension was refrigerated
for two hours at 4°C after being centrifuged for five
minutes at 200 rpm. On a glass slide, one drop of the cell
suspension was put down after the supernatant membrane
was removed. The total number of lymphocytes was
counted, and a rosette was characterized as a lymphocyte
binding with three or more erythrocytes.

2.10. Statistical Analysis

The results were expressed using the mean value = SEM.
The data set's variation was assessed using one-way
analysis of variance (ANOVA). GraphPad Prism software
was used to compare the group mean values individually
using Dunnett's test. A P-value < 0.05 was considered
statistically significant.

3. Results and Discussion

3.1. Preliminary Phytochemical Study

According to the findings of a phytochemical analysis,
the ethanolic extract of Terminalia bellerica fruit contains
flavonoids, tannins, glycosides, and carbohydrates while
the extract from the leaves of Adhtoda vasica Linn.
contains phenolic compounds, alkaloids, tannins and
flavonoids.

3.2. Delayed Type of Hypersensitivity Test (DTH)

This test is used to assess the immune response by
evaluating the paw edema following an antigen challenge.
An enhanced footpad response suggests improved cellular
immunity. In this context, it helps to determine whether
Terminalia bellirica and Adhatoda vasica can reverse
5-FU-induced immune suppression by stimulating T-cell
mediated immune responses.

In present study, it was found that treatment with an
ethanolic extract of Terminalia bellirica and A. vasica
enhanced DTH reaction, as indicated by increased paw
oedema due to infiltration of macrophages to the site of
SRBCs injection as compared to the normal group and
5-FU treated group. This supports a potential role for
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ethanolic extracts of Terminalia bellirica and A. vasica in
assisting cell-mediated immune response.

In the current study, it was observed that groups treated
with TBFE, AVLE, TBFE with 5-FU, and AVLE with
5-FU showed an increase in paw edema after 24 hours of
exposure to SRBCs compared to the 5-FU treated
immunosuppressed group and normal group.

The combination of TBFE and AVLE with the
chemotherapeutic agent 5-FU significantly increased paw
edema (P<0.05) compared to the normal group and 5-FU
treated group. These results indicate stimulation of
cell-mediated immunity (Table 2 & Figure 1).

3.3. Carbon Clearance Test (CCT)

The reticuloendothelial system (RES) activity is
measured using the carbon clearance test, which consists of
phagocytic cells responsible for clearing carbon particles
from the bloodstream. The increase in the phagocytic index
is often associated with heightened immune responses and
can be linked to various pathological conditions in humans.
Neutrophils, blood monocytes, and tissue macrophages are
specialized cells involved in the process of phagocytosis.
Assessing the impact of the extract on RES through this
test offers valuable information about how it influences
macrophage activity and its potential to improve the
removal of carbon particles from the bloodstream [16-18].

The phagocytic index of the group treated with TBFE
and AVLE alone and with 5-FU showed a significant
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(P<0.05) increase of phagocytic index & enhancing the
reticuloendothelial system compared to the 5-FU treated
immunosuppressed group and normal group. The
combination group of TBFE and AVLE with 5-FU
demonstrated a significant increase in phagocytic index
compared to the normal group and 5-FU treated group.
This increase in phagocytic activity suggests stimulation of
the RES in normal as well as immunosuppressed condition
(Table 3 & Figure 2).

3.4. Neutrophil Adhesion Test (NAT)

Total leukocyte count (TLC) and differential leukocyte
count (DLC) measurements from blood samples were used
in the study to analyze neutrophil adherence. The results
showed that blood samples treated with nylon fibre had
lower TLC and neutrophil percentages than blood samples
that were not treated. The study discovered that TLC rose
in the immunized group, maybe as a result of elevated
glucocorticoids and decreased corticosterone, which alter
immune cell circulation patterns. The reason for this could
be that increased B2 integrins on neutrophil surfaces
enhances the adherences of neutrophils to nylon fibres.
After oral administration of TBFE and AVLE, there is a
considerable increase in neutrophil adherence to nylon
fibres, which is related with cell margination in blood
vessels. This could be because 2 integrins are
overexpressed on neutrophil surfaces, which makes it
possible for them to stick securely to nylon fibres [16-18].

Table 2. Result of DTH

Sr. Groups Treatments Dose Mean difference in paw edema | Percent increase in
no. p in (mm) (Mean + SEM) paw edema (%)
1 1 Normal vehicle group 10 ml/kg 1.283 +£0.1554 100
2 II Chemotherapeutic agent (5-FU) 10 mg/kg 0.03000 £ 0.003651**** 233
3 1 Terminalia bellirica extract 400 mg/kg 3.445 + 0.06874%*** 268.51
4 v A. vasica extract 400 mg/kg 2.690 £ 0.1490**** 209.66
Terminalia bellirica extract + 400 mg/kg + 10
> v Chemotherapeutic agent (5-FU) mg/kg 241501197 188.23
6 VI A. vasica extract + Chemotherapeutic 400 mg/kg + 10 1,948 + 0.1155%* 151.83
agent (5-FU) mg/kg
Terminalia bellirica extract & A. vasica 200 mg/kg + 200
. + 0. skskoskk .
7 Vit extract + Chemotherapeutic agent (5-FU) | mg/kg + 10 mg/kg 2.605£0.1019 203.03

Values are shown as (Mean £ SEM) n=6, with ¥*P<0.05 denoting a significance level when compared to the normal group using a one-way ANOVA

and Dunnett's test.
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Figure 1. Graphical representation of DTH test

Table 3. Result of CCT

Phagocytic index (Mean Percent increase in
Sr. no. | Groups Treatments Dose + SEM) phagocytic index (%)
1 I Normal Vehicle Group 10 ml/kg 0.02855 +0.001465 100
2 1I Chemotherapeutic agent (5-Fluorouracil) 10 mg/kg 0.01557 £ 0.0007214%*** 54.53
3 111 Terminalia bellirica extract 400 mg/kg 0.05468 + 0.0008284**** 191.52
4 v A. vasica extract 400 mg/kg 0.04950 £ 0.0006377**** 173.38
Terminalia bellirica extract + 400 mg/kg + 10
+ sksfesk sk
5 v Chemotherapeutic agent (5-FU) mg/kg 0.04002  0.0003600 140.17
6 VI A. vasica extract + Chemotherapeutic 400 mg/kg + 10 0.03812 £ 0.0006799%*** 133.52
agent (5-FU) mg/kg
Terminalia bellirica extract & A. vasica 200 mg/kg + 200
+0. sokkk K
7 Vil extract + Chemotherapeutic agent (5-FU) | mg/kg + 10 mg/kg 0.04362 £ 0.0003027 152.78

Values are shown as (Mean + SEM) n=6, with *P<0.05 denoting a significance level when compared to the normal group using a one-way ANOVA
and Dunnett's test.
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Figure 2. Graphical representation of CCT
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In comparison to the 5-FU treated group and the normal
group, the percentage of neutrophil adhesion rose
significantly (P<0.05) with TBFE and AVLE. The
combination of TBFE with 5-FU and AVLE with 5-FU
also showed a significant increase in neutrophil adhesion
compared to the 5-FU treated immunosuppressed group

T-cells suggests that the ethanolic extracts of 7. bellirica
fruits and A. vasica leaves have an impact on cellular
immune response. Further analysis revealed that the
combination of TBFE with 5-FU and AVLE with 5-FU
showed a significant (P<0.05) increase in lymphocyte
formation compared to the 5-FU treated group and normal

and normal group, suggesting an immunostimulant effect.
Significantly more neutrophil adherence to nylon fibers
was achieved when TBFE and AVLE were combined with
5-FU compared to the 5-FU treated immunosuppressed
group, TBFE with 5-FU and AVLE with 5-FU (Table 4 &
Figure 3).

group. Additionally, the combination of TBFE and AVLE
(200 mg/kg) with 5-FU resulted in a significant increase in
lymphocyte formation compared to the normal group and
5-FU treated immunosuppressed group. The ethanolic
extracts of T. bellirica fruit and A. vasica leaves, in
combination with 5-FU, have demonstrated an ability to
activate CD4 and CDS cells, thereby significantly (P<0.05)
enhancing the T-cell immune response which alleviates
immunosuppressant action [19] (Table 5 & Figure 4).

3.5. T-Cell Population Test
The rise in rosette and lymphocyte formation among

Table 4. Result of NAT

Sr. no. | Groups Treatments Dose % Neutrophil adhesion | Percentage increase in
T P (Mean = SEM) neutrophil Adhesion (%)
1 1 Normal Vehicle Group 10 ml/kg 27.47 £ 0.9006 100
2 11 Chemotherapeutic agent (5-FU) 10 mg/kg 23.55+0.6021* 85.72
3 I Terminalia bellirica extract 400 mg/kg 73.09 + 1.150%**** 266.07
4 v A. vasica extract 400 mg/kg 57.28 £2.061**** 208.51
Terminalia bellirica extract + 400 mg/kg + 10
. .88 £ 2.533%*** 185.22
3 v Chemotherapeutic agent (5-FU) mg/kg 5088 333 85
j + i +
6 VI A. vasica extract + Chemotherapeutic 400 mg/kg + 10 45.87 + 1 2Q**EH 166.98
agent (5-FU) mg/kg
Terminalia bellirica extract & A. vasica 200 mg/kg +200
7 Vil extract + Chemotherapeutic agent (5-FU) | mg/kg + 10 mg/kg 35:21+1.624 20098

Values are shown as (Mean + SEM) n=6, with *P<0.05 denoting a significance level when compared to the normal group using a one-way ANOVA
and Dunnett's test.
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Figure 3. Graphical representation of NAT
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Table 5. T-cell population test (Total lymphocyte count)

Sr. Treatments Dose Total lymphocyte count mean | Percentage increase in total
no. (per mm®) (Mean + SEM) lymphocyte count (%)
1 Normal Vehicle Group 10 ml/kg 685.3 +53.96 100
2 Chemotherapeutic agent (5-FU) 10 mg/kg 242.2 £ 15.43%%** 35.32
3 Terminalia bellirica extract 400 mg/kg 1987 + 69.83%*** 290.07
4 A. vasica extract 400 mg/kg 1831 & 81.90**** 267.29
Terminalia bellirica extract + 400 mg/kg + 10
. 1 + 44 37k*%* 241.
5 Chemotherapeutic agent (5-FU) mg/kg 635 37 60
6 A.vasica extract + Chemotherapeutic 400 mg/kg + 10 1499 & 73 20k 21833
agent (5-FU) mg/kg
Terminalia bellirica extract & A. vasica 200 mg/kg + 200
+ Rk
7 extract + Chemotherapeutic agent (5-FU) | mg/kg + 10 mg/kg 16921171 247

Values are shown as (Mean + SEM) n=6, with *P<0.05 denoting a significance level when compared to the normal group using a one-way ANOVA
and Dunnett's test.

T-Cell Population Test (Total Lymphocytes Count)
2500

*kkk
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Treatment Groups
Figure 4. Graphical representation of T-cell population test (Total lymphocyte count)
Table 6. Result of Rosette count
Sr.no.| Groups Treatments Dose Number of rosettes Percent increase in
T p (Mean = SEM) rosettes formation (%)
1 I Normal Vehicle Group 10 ml/kg 12.50 £ 1.025 100
2 1I Chemotherapeutic agent (5-FU) 10 mg/kg 6.833 +0.8724* 54.66
3 I Terminalia bellirica extract 400 mg/kg 32.33 £ [.820%*** 258.64
4 v A. vasica extract 400 mg/kg 23.50 £ 1.784%**** 188
Terminalia bellirica extract +
+ + ok
5 \% Chemotherapeutic agent (5-FU) 400 mg/kg + 10 mg/kg | 19.33 £0.8433 154.64
A. vasica extract + Chemotherapeutic
+ . + 0. k3%
6 VI agent (5-FU) 400 mg/kg + 10 mg/kg | 18.50 + 0.8466 148
Terminalia bellirica extract & A. vasica 200 mg/kg + 200
83+ 1. *ok K
7 vil extract + Chemotherapeutic agent (5-FU) | mg/kg + 10 mg/kg 1983+ 1.046 158.64

Values are shown as (Mean + SEM) n=6, with *P<0.05 denoting a significance level when compared to the normal group using a one-way ANOVA
and Dunnett's test.
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Figure 5. Graphical representation of T-cell population test (Number of rosette)

The percentage of rosette formation significantly
(P<0.05) increases with TBFE and AVLE treated group
alone and with 5-FU compared to the 5-FU treated group.
Additionally, the combination of TBFE (200 mg/kg) and
AVLE (200 mg/kg) with 5-FU led to increase in rosette
count compared to the 5-FU treated immunosuppressed
group, TBFE with 5-FU treated group and AVLE with
5-FU treated group (Table 6 & Figure 5).

4. Conclusions

The present study demonstrates that TBFE and AVLE in
Wistar albino rats exhibit a strong immunostimulatory
effect on humoral and cell-mediated immunity. This effect
may be due to enhancement of phagocytic activity by
reticuloendothelial system, increase in the
polymorphonuclear neutrophile and their activation
leadings to cell margination, enhancement of capacity of
monocytes macrophages system and increase in T-cell
count which may be due to presence of secondary
metabolites like flavonoids, alkaloids, vitamins, tannins
and phenolic compounds whereas vasicine and gallic acid
present in A. vasica and T. bellerica respectively reported
as immunostimulant.

It can conclude that the ethanolic extract of Terminalia
bellerica fruits and Adhatoda vasica leaves as a potential
immunostimulant agents and also previously reported for
anticancer activity hence, both plants may be used as an
adjuvant complimentary therapeutic agent in treatment of
cancer patients and also reduce the immunosuppression
action caused by anticancer agents.

Thus, overall order of immunostimulatory activity:

Terminalia bellirica (400 mg/kg) > A.vasica (400

mg/kg) > Terminalia bellirica (200 mg/kg) + A. vasica
(200 mg/kg) with 5-FU (10 mg/kg) > Terminalia bellirica
(400 mg/kg) with 5-FU (10 mg/kg) > A. vasica (400 mg/kg)
with 5-FU (10 mg/kg).

Further a comprehensive investigation is required to
determine the  precise mechanism of its
immunostimulatory action and its potential for mitigating
immunosuppression induced by chemotherapeutic agents.
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