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Objective: To study the immunomodulatory potential of Albizia procera (AP) bark using in vivomodels and
by in silico approach.
Methods: In silico models involved to study binding affinity of AP bioactive molecules on immune mod-
ified proteins such as Human NF-kappa B p52 (NFkB P52), human tumor necrosis factor-alpha (TNF-a). In
vivo studies to evaluated immunomodulatory activity of ethanolic extract AP bark (EEAP) Doxorubicin
(DOX) induced immunosuppressive rats.
Results: Docking results showed AP bioactive molecules 3-O-[a-L-arabinopyranosyl-(12)-b- ? D fucopy-
ranosyl - (16) - 2 - acetamido - 2 - deoxy- b - ? Dglucopyranosyl] echinocystic acid (Compound 1), 3-O-
[a-L-arabinopyranosyl-(12)-b- ? D fucopyranosyl - (16) - 2 - acetamido - 2 - deoxy- b - ?
Dglucopyranosyl] acacic acid lactone (Compound 2), Catechin, Quercetin, Isoquercetin were showed
immune modulatory activity due to high binding affinity and H bonding interaction with active sites
of NFkB P52, TNF-a, without H bonding on anti-inflammatory cytokines IL 10. Based on docking
Compound 1, Compound 2, Catechin, Quercetin, Isoquercetin were concluded as immunomodulatory
potential candidate. EEAP exhibited a dose related incline in cell count of total leukocyte, neutrophils,
and lymphocytes. The suppressive outcome of DOX on these cells was not reflected in EEAP treated rats.
It enhanced the rate of clearance of the carbon particles in dose dependent manner from the blood cir-
culation in both normal rats and in the immunosuppressive rats. Delayed type of hypersensitivity test
(DTH) results showed an increase in footpad thickness of paw significantly in response to antigen, as
an impact of EEAP treatment stimulatory response is observed on lymphocytes along with other essential
cells of reaction and thus increased the cell mediated immunity.
Conclusion: AP improves the immune function in DOX induced immunosuppressive rats.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Protection mechanism that is active in defending the host from
destructive foreign microorganisms is the vertebrate immune sys-
tem, which has very essential surveillance control to track the
integrity of host tissues (Delves et al., 2017). The characteristic fea-
ture of immunomodulator to regulate diseases is to elicit the exci-
tation or suppression of immune responses. Literature suggests
that several conventional medicines play a pivotal role in increase
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and decrease of intensity of hosts immune response. Natural sub-
stances extracted from plants may act as immunomodulators to
regulate some immune mediated responses (Saravanan et al.,
2012). AP is a Fabaceae tree known as white siris, safed siris, and
forest siris (Yoshikawa et al., 1998). It is abundantly available in
India, Myanmar, New Guinea, northern Australia (Khatoon et al.,
2014). AP areal plant extracts showed antioxidant (Sivakrishnan
and Kottaimuthu, 2014). AP leaves extract reported Analgesic,
Antibacterial, and CNS Depressant Activities (Khatoon et al.,
2014) antidiarrheal activity (Hossan et al., 2018), bark ethanolic
extract showed anti-HIV (Panthong et al., 2015) anti hyper-
glycemic activity (Anand et al., 2018; Praveen Kumar et al.,
2014), Spermicidal activity (Shaik et al., 2017), anti-inflammatory
(Sangeetha et al., 2020) effects were proved on rodent and cellular
models. Carbohydrates, saponins, flavonoids, steroids, alkaloids,
glycosides, terpenoids, and proteins were reported in methanolic
extracts of AP bark and leaves (Srivastava et al., 2020) Protocate-
chuic acid, Julibroside, Quercetin, Budmunchiamines-A, Machaeri-
nic acid, Isoquercetin, Catechin (Kokila et al., 2013) isolated from
Albizia species, Triterpene glycosides (Miyase et al., 2010; Zhang
et al., 2018) Triterpenoid saponins with N-acetyl sugar (Melek
et al., 2007) (+)-catechin protocatechuic acid (Panthong et al.,
2015) were isolated from the bark, total phenolic contents investi-
gated in AP leaves (khatoon et al., 2014), pentacyclic triterpenic
acid (Duke, 1983) Saponins and sapogenins (Chandel and Rastogi,
1980) was extracted from the seed, a-Spinasterol and oleanolic
acid extracted from roots (Rastogi and Mehrotra, 1993) Four Acy-
lated Triterpenoid Saponins from AP (Yoshikawa et al., 1998).
Sapogenins, a non-saccharide portion isolated from seed and root
of AP (Shaik et al., 2017). Previous reports showed that AP is having
potent antioxidant activity and even phytochemistry of these
plants reveals presence of saponins which are having
immunomodulating potential hence the present research focused
to elicit the immunomodulator intensity of the AP and molecular
docking studies were involved to estimate the binding affinity on
immunomodulatory proteins.
2. Materials and methods

Drugs: DOX, Camlin black ink and Alsevier’s solution, carbon
ink suspension, Leishman reagent, WBC diluting fluid, all chemicals
used were analytical grade. Software: BIOVIA Discovery stu-
dio2017 R2 tool. CASTp, PyRx tool.
2.1. In silico analysis

2.1.1. Binding score evaluation using PyRx tool
The binding affinity score of AP bioactive molecules on

immunomodulatory receptors such as, human NF-kappa B p52
(PDB: 1A3Q), tumor necrosis factor (TNF-alpha) (PDB: 2AZ5), Viral
Interleukin 10 (PDB: 1VLK) (Maurya et al., 2012) using PyRx tools.
3D chemical structures (Rudrapal et al., 2021b) of bioactive mole-
cules such as Budmunchiamine, Catechin, Protocatechuic acid,
Quercetin, Isoquercetin, Machaerinic acid, were retrieved from
Pub Chem and 3-O-[a-L-arabinopyranosyl-(12)-b- ? D fucopyra-
nosyl - (16) - 2 - acetamido - 2 - deoxy- b - ? Dglucopyranosyl]
echinocystic acid (Compound 1), 3-O-[a-L-arabinopyranosyl-(12)-
b-? D fucopyranosyl - (16) - 2 - acetamido - 2 - deoxy- b -? Dglu-
copyranosyl] acacic acid lactone (Compound 2) were draw using
Chem Draw tool (Figs. 1 and 2). PyRx software using load molecule
and import tools bars, then minimized protein, ligand converted to
PDBQT (Othman et al., 2021), then maximized GRID parameter
(Rudrapal et al., 2021a) then performed docking study (Trott and
Olson, 2009). Protein and ligand complex and distance (Rudrapal
et al., 2022) visualized using BIOVIA Discovery studio 2017 R2 tool
2

(Kumar et al., 2021). Levamisole used as standard immunomodula-
tory agents and preformed compared analysis. Computed Atlas of
Surface Topography of Protein (CAST p) tool was used to identified
binding sites (Junejo et al., 2021) of the proteins (Binkowski, 2003)
(Fig. 3).
2.2. Preparation of extract

AP bark was obtained from forest department in Tirupati,
Andhra Pradesh (voucher specimen (APB/ singh-2014-15). Dried
bark was converted into coarse particles by a mechanical grinder
and passed to the sieve with a mesh size of 40.

Soxhlet ethanol extraction procedure was used for ethanolic
extraction of AP bark (Redfern et al., 2014) and resulting extracts
were concentrated with the aid of rotary evaporator and dried.
2.3. Animals

The complete study of these experiments on animals were
approved and supervised by ethical committee (CPCSEA) vides
approved number Regd No. 439/01/a/CPCSEA. Animals were main-
tained as per CPCESA guidelines (CPCSEA, 2003).
2.4. Acute toxicity studies

Acute oral toxicity studies extract were performed according to
the OECD guidelines (OECD, 2002). Rats were safe up to
2000 mg/kg Bw.t.
2.5. Immunomodulatory activity of EEAP

Wistar albino rats of both gender were equally divided into 6
groups, with 6 in each (Nugroho et al., 2012). Group-I: Normal con-
trol. Group-II: EEAP (200 mg/kg B.wt.) Group-III: EEAP (400 mg/kg
B.wt.) Group-IV: DOX (4.67 mg/kg B.wt. i.p on 1st and 4th day).
Group-V: EEAP (200 mg/kg B.wt.) + DOX (4.67 mg/kg B.wt. i.p on
1st and 4th day) Group-VI: EEAP (400 mg/kg B.wt.) + DOX
(4.67 mg/kg B.wt. i.p on 1st and 4th day). The rats were treated
with respect to the above group treatment daily for 14 days. On
the 15th day, total leucocyte counts (TLC), differential leucocyte
count (DLC), Neutrophil adhesion (Tripathi et al., 2012), T-Cell pop-
ulation (Patel and Asdaq, 2010), phagocytic activity (Lubega, 2013),
delayed type hypersensitivity (Okoli et al., 2008), humoral immune
response were determined (Pravansha et al., 2012).
3. Results

3.1. TLC and DLC count

The count of WBC (p < 0.0001; 45.2%), neutrophils (p < 0.0001;
59%), basophils (p < 0.01; 21%) monocytes (p < 0.001, 25%), lym-
phocytes (p < 0.0001; 42.8%) significantly decreased in DOX treated
rats while EEAP treated rats WBC (p < 0.0001), neutrophils
(p < 0.0001), lymphocytes (p < 0.0001) were significantly increased
in DOX induced immune suppressed rats (Table 3).
3.2. Neutrophil adhesion

Neutrophil adhesion prominent decrease (p < 0.01**) in DOX
treated rats while EEAP 200 and 400 mg/kg treatment showed an
significant incline in B.wt by 33.50%, 44.15% in neutrophil adhesion
in DOX induced immune suppressed rats (Table 3; Fig. 7A).



Fig. 1. 3D structure of A. Budmunchiamine B. Catechin C. Protocatechuic acid D. Quercetin E. Isoquercetin F. Machaerinic acid G. Compound 1 H. Compound 2.

Fig. 2. 3D Visualization of a) interleukin 10 b) TNF alfa c) NF-kappaB p52.
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3.3. Lymphocytes and lymphocyte rosette.

EEAP 200 and 400 mg/kg B.wt treated rats significantly
decreased % rosette formation 15.58%, 26.55% respectively, lym-
phocytes proliferation 14.26%, 41.59% respectively, in in DOX
induced immune suppressed rats (Table 3; Fig. 7B and C).
3.4. Delayed type hypersensitivity

DOX treated rats foot pad thickness was significantly
(p < 0.001***) decreased compared to normal rats. Foot pad thick-
ness was significantly (p < 0.001***) restored by the EEAP treatment
in DOX induced immune suppressed rats (Table 3; Fig. 7D).
3.5. Hemagglutination antibody titer

DOX treated rats showed significantly decreased (p < 0.001***)
Hemagglutination antibody titer compared to normal rats. How-
ever, EEAP treatment regain in antibody titer values significantly
increased (p < 0.001***) in DOX treated rats and normal rats
(Table 3; Fig. 7E).
3.6. Phagocytic index

DOX treated rats phagocytic index significantly decreased
(p < 0.001***) compared to untreated rats. However phagocytic
index was significantly (p < 0.001***) reversed with EEAP of 200
and 400 mg/kg B. wt respectively, treatment in DOX rats (Table 3;
Fig. 7F).
3

4. Discussion

Immunomodulatory agents are mainly for the continuous
improvement of immunity through immune activation for a long
period of time to prevent various diseases. Herbal plants and their
derivatives were reported to exhibit the immunomodulation in
recent years (Wagner, 1990).

It plays a pivotal role in the generation of inflammatory
mediators and regulation of innate and adaptive immune
responses mainly increase transcription and expression of pro-
inflammatory cytokines mediated by NF-jB p65, TNF-a (Wang
et al., 2021) and IL-10 (Abd-Elhakim et al., 2020; El-Gendy
et al., 2020). Hence Molecular docking studies were involved
between bioactive molecule of AP and NF-jB p65, TNF-a and
IL-10. Molecular docking studies results showed that the interac-
tion analysis depicted that reactive groups of Compound 1 form
of hydrogen bonds with active sites of ARG A: 52, SER A: 226,
LYS A: 221, LYS A: 252, TYR A: 285, SER B:227 in Human NF-
kappa B p52 with binding score �7.1 K/Cal, Catechin form H
Bonding with active sites of ARG D: 82, GLN D:125, LEU B: 93,
with binding score �11.5 K/Cal, Quercetin form H Bonding with
GLN B: 125, with binding score �6.7 K/Cal, Isoquercetin showed
H Bonding with active sites of TYR C: 151, SER D: 60 with bind-
ing score �8.3 K/Cal, compound 1 form H Bonding with active
sites of GLN B: 125,LEU B: 126, SER C: 60, GLN C: 61, with bind-
ing score �8.2 K/Cal, compound 2 showed H Bonding with
actives sites of TYR B:119, PRO B: 117, GLY B:121, GLU D: 53,
LYS D:1 with binding score �8.3 K/Cal of TNF a. AP phytochem-
icals were not form H Bonding on active sites of IL 10, it indi-
cates phytochemicals showed inhibitory effect on inflammatory
proteins only (Tables 1, 2, Figs. 4–6). Docking results were com-
pared to standard immunomodulatory agent Levamisole.



Fig. 3. Binding pocket (red color) obtained from CASTp tool along with the sequence which shows the highlighted residues forming the binding pocket. A) IL 10 B) TNF Alfa c)
NF-kappa B p52.

Table 1
Binding affinity score of Albizia procera phytochemical on immunomodulatory receptors.

Sl. No. Name of the compound Binding affinity (-K/Cal)

IL 10 TNF a NF-kappa B p52

1 Budmunchiamine �7 �7.3 �4.9
2 Catechin �9.1 �11.5 �9.7
3 Protocatechuic acid �4.7 �5.6 �5.7
4 Quercetin �7.2 �7.7 �6.7
5 Isoquercetin �7.4 �8.3 �7.8
6 Machaerinic acid �8.9 �9.7 �7.6
7 Compound 1 �7.3 �8.2 �7.1
8 Compound 2 �8.9 �8.3 �7.5
9 levamisole �5.9 �4.5 �5.0
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Table 2
Binding site interaction of Albizia procera phytochemical on human immunomodulatory receptors.

Sl.
No.

Protein name Interaction with IL 10 Interaction with TNF a Interaction with NF-kappa B p52

1 Budmunchiamine Pi Alkyl- LEU A: 26, LEU A: 23, LEU
A: 105, LEU A: 101, PHE A: 15

Pi Alkyl -TYR C: 119, TYR C: 59 Pi Alkyl- LYS A: 221, 252, GLY A: 50

2 Catechin H Bonding-LYS A: 40, LYS A: 34,
THR A: 39; Pi-Pi PHE A:30, PHE A:
37

H Bonding- ARG D: 82, GLN D:125, LEU B:
93; Van der Waals GLN B: 125

H -Bonding - LEU B: 117, GLN B: 157; P- Alkyl ALA B:
104, ILE B: 119, ARG B: 160

3 Protocatechuic
acid

H Bonding-ASN A: 97, HIS A: 90,
ALA A: 29; Pi Alkyl ARG A: 32

Van der Waals ASN B: 92, Pi Alkyl-LEU B:
93

H -Bonding - LEU B: 117, LYS B: 153; Pi Alkyl ALA B:
104, ARG B: 103

4 Quercetin H Bonding-LYS A: 40, HIS A: 90, ALA
A:29; Pi Alkyl- ARG A: 32

H Bonding- GLN B: 125, ARG D: 82; Pi
Alkyl- AAL B: 91, VAL D: 91

H Bonding- ARG A: 193, SER A: 195, ALA A:104; Pi
Alkyl- LYS A: 153, ARG A:103

5 Isoquercetin H Bonding LEU A: 48, Pi Pi PHE A 37,
30; Vander Waals-LEU A:47

H Bonding- TYR C: 151, SER D: 60, Pi-Pi-
TYR C: 119, TYR D:119

H Bonding- ARG A: 193, SER A: 195, ARG A: 103, Van
der Waals - LYS A: 153, SER A: 195, SER A: 161, ARG A:
156, ARG A: 160

6 Machaerinic acid H Bonding- PHE A:15; Pi Pi PHE A:
111, PHE A: 56: LEU A: 105, 101, 69,
98,52,26,65,23, TYR AA: 72, ASP
A:13

Pi Alkyl -TYR C: 119, TYR D: 119, LEU C: 57;
Pi Alkyl-TYR D:59, LEU D: 57

Pi Alkyl- LYS A: 143, HIS A: 140, LEU A 187

7 Compound 1 Pi Alky-PHE A:56, LEU A: 65: ILE A:
69; H Bonding- PHE A: 15; THR A:
39, LYS A: 40, PHR A: 72

H Bonding- GLN B: 125,LEU B: 126, SER C:
60, GLN C: 61; Pi Alkyl- TYR D: 59, TYR C:
119, TYR D: 119, LEU D:57

H Bonding- ARG A: 52, SER A: 226, LYS A: 221, LYS A:
252, TYR A: 285, LYS B: 283, SER A: 231, ARG A: 232,
THR B:278, ARG B:290, SER B:227, Pi Alkyl- LYS A: 229,
HIS B: 282

8 Compound 2 H Bonding- ARG A: 72, TYR A: 72:Pi
Alkyl- PHE A: 30; LEU A:
23,26,69,65,101,105

H Bonding -TYR B:119, PRO B: 117, GLY
B:121, GLU D: 53, LYS D:11, Pi Alkyl-TYR A:
119, LEU D: 55, TYR B:151,ILE B: 118: TYR
B:59

H Bonding- SER A: 206, ARG A: 160, ARG A: 103, ASP
A:94,Pi Alkyl - LYS A: 210, PRO A: 208, PRO A: 211, ILE
A: 119

Table 3
Effect of EEAP on TLC and DLC count.

Group WBC Neutrophils Basophils Eosinophils Monocytes Lymphocytes

I 12.27 ± 0.31 2.72 ± 0.10 0.32 ± 0.02 0.18 ± 0.03 0.33 ± 0.04 8.70 ± 0.28
II ns13.14 ± 0.49 ****3.76 ± 0.29 ns0.21 ± 0.02 ns0.23 ± 0.03 ns0.28 ± 0.05 ns9.66 ± 0.4
III ****20.55 ± 0.42

(67.48%)

****4.41 ± 0.14
(38.3%)

ns 0.37 ± 0.06 * 0.34 ± 0.06 * 0.47 ± 0.03 **** 15.66 ± 0.41
(44.4%)

IV ****6.72 ± 0.09 (45.2%) ****1.37 ± 0.03 (49.6%) ** 0.11 ± 0.02 (21%) ns 0.15 ± 0.01 ***0.08 ± 0.01 (25%) ****4.97 ± 0.12 (42.8%)
V **** 8.46 ± 0.17 * 1.73 ± 0.07 ns 0.13 ± 0.03 ns 0.19 ± 0.01 ns 0.11 ± 0.01 **** 6.26 ± 0.09

(20.6%)
VI **** 10.48 ± 0.21 **** 2.20 ± 0.11 (37 %) ns 0.17 ± 0.04 * 0.24 ± 0.02 ns 0.13 ± 0.01 (5%) **** 7.63 ± 0.16 (34.8%)

****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 0.05, ns = not significant ‘*’ represents the comparison of groups with control group I, ‘#’ represents the comparison of groups with
negative control group IV.
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DOX lead to DNA damage of bone marrow cells (Shaldoum
et al., 2021), also induced a programmed cell death of lymphocytes
by reducing spleen, lymph node and thymus T cells and B cells
(Abdelaziz et al., 2019). Treatment of DOX inhibits the proliferation
of lymphocyte on cancerous mouse model (Bhinge et al., 2012).
Due to the stimulatory impact of plant extract on hematopoietic
lymphocytes and bone marrow and hematopoietic cells, EEAP ther-
apy has declined the total cell count of leukocytes, including lym-
phocytes, monocytes and basophils. The EEAP effect was tested on
DOX-induced immunosuppressive rats with a reduced TLC count
due to stimulation of hematopoietic stem cells (Sonneveld et al.,
1981). Treatment improved the titer of the hemagglutination anti-
body that represents the increase in humoral response to SRBC and
also indicates the increased responsiveness of subsets of T and B
lymphocytes involved in the synthesis of antibodies (Benacerraf,
1978; Shukla et al., 2009). Dose dependent increment of hemagglu-
tination value was observed in the current study, which signifies
the immunomodulation activity via humoral immunity. Large
influxes of non-specific inflammatory cells are characterized by
delayed type hypersensitivity reaction, where the sensitized T-
lymphocytes are transformed into lymphoblasts (Descotes, 1999).
When colloidal carbon particles are injected directly into the sys-
temic circulation in the form of ink, the rate of macrophage clear-
ance of carbon from the blood is controlled by an exponential
5

equation. (Gokhale et al., 2003). EEAP treated rats displayed a
noticeable rise in the phagocytic index, and it is suspected that this
could be due to an inclination of reticuloendothelial system activ-
ity due to previous treatment of animals.

However, the neutrophil, a non-dividable end cell with minimal
protein synthesis ability, is capable of a wide range of responses,
including chemotaxis, phagocytosis, exocytosis, and both intracel-
lular and extracellular killing. Marginalization of blood stream
neutrophils requires significant adhesion, initiated along with the
b2 integrins interactions present on the neutrophils (Sun et al.,
1996). The adherence of nylon fibers to neutrophils indicated the
movement of blood vessel cells and the cell count of neutrophils
that enter the inflammation site (Kasote et al., 2012). In the current
research, EEAP exhibited a significant surge in percent neutrophils
in both normal and in DOX induced immunosuppressive rats. var-
ious chemical constituents such as Triterpene glycosides (Aminin
et al., 2014; Pislyagin et al., 2014), protocatechuic acid (Sobhani
et al., 2021), polyphenols (Mileo et al., 2019) and phytochemicals
such as flavonoids (Kim et al., 1999), triterpenoids (Szuster-
Ciesielska et al., 2011), saponins (Rao Chavali et al., 1987) alkaloids
(Bachhav and Sambathkumar, 2016) from various plant origin
were proved for their immunomodulatory and anti-inflammatory
properties. The presence of Triterpene glycosides and polyphenols,
saponins and alkaloids are responsible for its potent immunomod-



Fig. 4. 3D visualization of type of Interaction on interleukin 10. A. Budmunchiamine B. Catechin C. Protocatechuic acid D. Quercetin E. Isoquercetin F. Machaerinic acid G.
Compound 1 H. Compound 2 I. Levamisole.

Fig. 5. 3D visualization of type of Interaction on TNF alfa. A. Budmunchiamine B. Catechin C. Protocatechuic acid D. Quercetin E. Isoquercetin F. Machaerinic acid G.
Compound 1 H. Compound 2.
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ulatory activity. According to the molecular docking results AP
Triterpenoids saponins like compound 1 and 2, flavonoids Cate-
chin, Quercetin, Isoquercetin were showed H Bonding with active
sites of immunomodulatory receptors and good binding affinity
score, may be these are potential lead molecules of immunomodu-
latory activity.
6

5. Conclusion

The ancient use of AP has been scientifically verified for its
immunomodulatory effects. It suggests that the plant can be uti-
lized as immunomodulatory agent as confirmed by in silico and
in vivo studies.



Fig. 6. 3D visualization of type of Interaction on NfKB. A. Budmunchiamine B. Catechin C. Protocatechuic acid D. Quercetin E. Isoquercetin F. Machaerinic acid G. Compound 1
H. Compound 2 I. levamisole.

Fig. 7. (A) EEAP effect on % Neutrophil adhesion; (B & C) EEAP on lymphocytes and lymphocyte rosette; (D) EEAP on footpad thickness (delayed type hypersensitivity). (E)
EEAP effect on Hemagglutination antibody titer (F) EEAP effect on Phagocytic index.
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