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1. INTRODUCTION

Abstract: Background: 3,5-Bis[4-(diethoxymethyl)benzylidene]-1-methyl-piperidin-4-one (BBP), a
novel synthetic curcumin analogue has previously been shown to manifest potent immunosuppressive
effects on the in vitro phagocytosis process of human neutrophils.

Objective: In the present study, BBP was investigated for it's in vivo innate and adaptive immune re-
sponses mediated by different humoral and cellular immune factors.

Methods: Male Balb/c mice were orally fed with BBP (5, 10 and 20 mg/kg) for a period of 14 days and
immunized with sheep red blood cells (SRBC) on day 0 for the determination of adaptive responses.
The effects of BBP on phagocytosis process of neutrophils isolated from blood of treated/untreated an-
imals were determined. The ceruloplasmin and lysozyme serum levels and myeloperoxidase (MPO)
plasma level were also monitored. The mechanism was further explored by assessing its effects on the
proliferation of T and B lymphocytes, T-lymphocytes subsets CD4* and CD8"* and on the secretion of
Th1/Th2 cytokines as well as serum immunoglobulins (1gG, IgM) and delayed type hypersensitivity
(DTH) reaction.

Results: BBP showed a significant dose-dependent reduction on the migration of neutrophils, Mac-1
expression, phagocytic activity and reactive oxygen species (ROS) production. In comparison to the
sensitized control group, a dose-dependent inhibition was observed on lymphocyte proliferation along
with the downregulation of effector cells expression and release of cytokines. Moreover, a statistically
significant decrease was perceived in serum levels of ceruloplasmin, lysozyme and immunoglobulins
and MPO plasma level of BBP-treated mice. BBP also dose-dependently inhibited sheep red blood
cells (SRBC)-induced swelling rate of mice paw in DTH.

Conclusion: These findings suggest the potential of BBP as a potent immunosuppressive agent.

The immune system is the body’s diverse and prevalent
defense systems which keep the integrity as well as defend
human body from pathogenic assault. This system incorporates
specific cells and molecules (producing an immune response),

*Address correspondence to this author at the Drug and Herbal Research
Centre, Faculty of Pharmacy, Universiti Kebangsaan Malaysia, 50300 Kuala
Lumpur, Malaysia; Tel: +6-016 2886445; Fax: +6-0326983271;

E-mail: profibj@gmail.com.

1389-2010/18 $58.00+.00

aimed to provide protection against infections [1]. Among the
two major subdivisions of the immune system, the adaptive
immune system is antigen-specific and upholds the specific
feature of memory cells. This system involves the production
of antigen-specific antibodies, which act by eliminating
pathogens in the late phase of infection. On the contrary, a
number of responses mediated by the innate immune system
are constitutively present and ready to attack the invading
pathogen [2]. These two systems are further composed of
different cellular and humoral components, the combined
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action of which produces the strong immune response against
infections. Phagocytes like neutrophils and macrophages are
among the major cellular components of the innate immune
system while the humoral barriers to infections include dif-
ferent enzymes and complement system [3, 4]. In a similar
context, the adaptive immune system produces cellular im-
munity mediated by T cells while the humoral immunity is
mediated by B cells. Although these two arms of defense
system have independent functions, yet components of one
system influence the function of other and vice versa [5, 6].
The homeostasis within the body of a healthy organism is
maintained by the requisite balance of the immune system
and its cells. An abnormal immune system results upon fail-
ing to sustain the balance, leading to impaired immune re-
sponse. This explains the reason that most of the immune
system disorders cause abnormally low activity (immune
deficiency diseases) or overactivity of the immune cells (au-
toimmune diseases) [1].

Curcumin is the main ingredient of Curcuma longa and
being multi-therapeutic agent has gained extensive economic
value and pharmacological application as an antioxidant,
anti-inflammatory, antitumor and chemoprotective agent [7].
Notwithstanding, curcumin’s shortcoming i.e. low aqueous
solubility, chemical instability, extreme biotransformation
upon oral administration and limited systemic distribution
hampers it's in vivo application and results in reduced biologi-
cal activity [8]. Consequently, efforts have been directed to
synthesize analogues of curcumin with similar safety profile
but increased biological activity and solubility.

Ensuing the strategy of structural modification, previously
we synthesized different novel series of «, B-unsaturated car-
bonyl-based compounds including curcumin and chalcone
analogues. Among these compounds, a synthetic curcumin
analogue namely 3,5-bis[4-(diethoxymethyl)benzylidene]-1-
methyl-piperidin-4-one (BBP) significantly inhibited acetyl-
cholinesterase and butyrylcholinesterase enzymes along with
the repression of enzymes of arachidonic acid metabolism
pathway [9, 10]. Recently, we have reported that BBP was a
potent immunosuppressive agent as it has remarkably inhib-
ited the in vitro phagocytosis process by granulocytes [11]. In
continuing the efforts, the ongoing work was designed to in-
vestigate the immunosuppressive potential of the aforesaid
potent novel synthetic compound on the eclectic parameters
of non-specific and specific cellular and humoral immunity
in male Balb/c mice.

2. MATERIALS AND METHOD
2.1. Chemicals and Reagents

Innovative Research, Inc. (Sarasota, FL, USA) supplied
Lymphoprep™ gradient (1,077 mg/mL), concanavalin A (Con
A), fluorescein isothiocyanate (FITC)-labeled opsonized
Escherichia coli, phosphate-buffered saline (PBS) tablet,
Hank’s balance salt solution (HBSS), Roswell Park Memori-
al Institute (RPMI)-1640, penicillin, streptomycin, lipopoly-
saccharide (LPS), trypan blue reagent and sheep red blood
cells (sSRBC). FBS was purchased from PAA Laboratories
(GE Healthcare, Little Chalfont, UK). Different types of
conjugated antibodies like allophycocyanin  (APC)-
conjugated anti-mouse CD8 (0.2 mg/mL), APC-H7-
conjugated CD4 (0.2 mg/mL), FITC-A conjugated CD11b
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(0.5 mg/mL), PE-A conjugated CD18 (0.2 mg/mL), IgG-
FITC (0.5 mg/mL) and Pharm Lyse™ lysing solution was
acquired from BD Biosciences (Franklin Lakes, NJ, USA).
Cyclosporin A (Cys A) (purity > 98%) was taken from Sig-
ma (St. Louis, MO, USA). *H-thymidine, scintillation cock-
tail (Ultima Gold MV) were acquired from Perkin Elmer, Inc.
(Waltham, MA, MA, USA). Hematoxylin and xylene were
purchased from BDH (Merck KGaA, Darmstadt, Germany).

2.2. 3,5-Bis[4-(diethoxymethyl)benzylidene]-1-methyl-
piperidin-4-one (BBP)

BBP has been synthesized previously by using Claisen-
Schmidt condensation reaction [12]. The chemical structure
of BBP is shown in Fig. (1). BPP was > 98% purity based on
its physiochemical properties, HRESI-MS and NMR data.

3,5-Bis[4-(diethoxymethyl)benzylidene]-1-methyl-piperidin-4-one (BBP)

Fig. (1). Chemical structure of 3,5-bis[4-(diethoxymethyl)-
benzylidene]-1-methyl-piperidin-4-one.

Light yellow solid. mp: 142-144°C; *H NMR (500 MHz,
CDCls) d: 7.63 (s, 2H), 7.32 (d, J ¥4 8 Hz, 4H), 7.15 (d,J ¥ 8
Hz, 4H), 5.59 (s, 2H), 3.29 (q, J ¥ 7.5, 8H), 2.71 (s, 4H),
2.12 (s, 3H), 1.20 (t, J % 7.0, 12H); *C NMR (500 MHz,
CDCIy) d: 189.7, 148.2, 147.5, 139.8, 135.1, 128.4, 127.1,
101.4, 56.6, 51.2, 40.1, 16.7; HRESI-MS m/z: 495.2408 [M
+ 2H]", Microanalysis calculated for C5H3gNOs (493.63), C:
72.99%, H: 7.96%, N: 2.84%. Found C: 72.95%, H: 7.99%,
N: 2.87%.

2.3. Animals

The experimental animals used in this study (male Balb/c
mice weighing 22-28 g) were supplied by the Laboratory
Animal Resource Unit, Faculty of Medicine, Universiti Ke-
bangsaan Malaysia (UKM). All methods used for animal
studies were directed following a procedure permitted by the
UKM Animal Ethics Committee (No. FF/2016/IBRAHIM/
28-SEPT./780-SEPT.-2016-MAC.-2018). During the experi-
ment, animals were housed in the aerated and temperature
controlled room (22°C + 3°C, 40 - 60 % humidity) with 12 h
light/dark schedule. Standard food pellets along with water
ad libitum were provided to the experimental animals during
the whole study. The dosing volumes were changed according
to the body weights monitored on regular basis. Before start-
ing the experimental designs, animals were acclimatized for
a period of one week.

2.4. Subchronic Oral Toxicity Study

The subchronic oral toxicity of BBP was investigated in
male Balb/c mice (age; 10 to 12 weeks, body weight; 22-28 g)
using the recommendations issued by Organization of Eco-
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nomic Co-Operation and Development (OECD)(Guideline
423). Six groups, each containing six mice were randomly
divided. BBP suspension was prepared by mixing BBP with
sodium carboxymethyl cellulose in distilled water (1 %w/w)
in a mortar. Four groups were orally fed with BBP suspen-
sion at 5, 10, 20 and 30 mg/kg body weight (BW) daily for
14 days, while the fifth group (vehicle control group) re-
ceived 1% sodium carboxymethyl cellulose (NaCMC) and sixth
group did not receive any treatment (normal control group). The
mice were weighed frequently and observed for changes in their
general behaviour, and appearance of any toxic symptoms i.e.,
shivering, salivation, diarrhea, lacrimation, hair erection and
convulsion as well as mortality and morbidity. At the end of
study, animals were killed through cervical dislocation and
weight of internal organs, including liver, kidney and heart
were measured. Afterwards, these organs were collected for
histological analysis.

2.5. Histological Analysis

The target organs collected from mice were prepared for
histological analysis. The kidney, liver and heart tissue were
fixed in10% formalin solution for overnight. After tissue
processing, (paraffin)-embedding, and sectioning into 5 pm-
thickness slices by using microtome, the sections were then
stained with hematoxylin and eosin. The histological sec-
tions of aforementioned tissues were examined under Olym-
pus light microscopy and morphological changes in all
treatment groups were assessed.

2.6. Experimental Design

The study was conducted in three different experimental
designs to determine eclectic parameters of non-specific and
specific cellular and humoral immunity in Balb/c mice. After
acclimatization of one week, the mice were separated into
six groups arbitrarily with six animals per group. The first
group received a regular diet (normal control group). The
animals in vehicle control group were fed with 1% NaCMC
in distilled water whereas third group received a known im-
munosuppressant, cyclosporin A (Cys A) which was given
by oral gavage at a dose of 20 mg/kg BW (positive control
group). For the first experimental design, the animals of
group 4, 5 and 6 received BBP suspended in 1% w/w
NaCMC in distilled water at doses of 5, 10 and 20 mg/kg
BW, respectively, for 14 days. On day 15, the animals were
sacrificed to collect blood samples in order to appraise the
effects of BBP on the phagocytosis process by neutrophils
and to determine serum levels of lysozyme and ceruloplas-
min and plasma MPO (myeloperoxidase) levels. In the se-
cond experimental design, on day O of treatment, the mice
were immunized intraperitoneally with sheep red blood cells,
5.0x10%/mL (a T-cell-dependent antigen) as an antigenic stim-
ulus. Prior to immunization, the SRBCs were resuspended in
PBS after washing with cold PBS. The animals in group 4, 5
and 6 received BBP at aforementioned doses over a period of
14 days. At the end of the study, the mice were humanly
killed, and spleen was collected for the analysis of lympho-
cytes proliferation and T lymphocyte phenotyping. The
blood samples were also taken for the assessment of cyto-
kines serum levels by activated T-cells. In the third experi-
mental study, the animals were also immunized with sSRBCs
on day 0 of treatment and were continuously fed orally with
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BBP for 14 days. On day 15, the treated and untreated mice
were investigated for delayed type hypersensitivity (DTH)
and samples were collected for measuring serum immuno-
globulins. The dose of positive control used in this study was
decided based on literature evidence [13, 14] while the safe
doses for the novel synthetic analogue were selected based
on toxicity study assessment.

2.7. Neutrophil’s Isolation from Whole Mice Blood

The neutrophils were separated from the whole blood of
treated mice by ensuing the method of Kumar et al., (2010)
with minor modification [15]. Briefly, an equal volume (5
mL) of whole mice blood was carefully layered on Lympho-
prep gradient layer previously pipetted into a falcon tube.
This two-step gradient of Lymphoprep and blood inside the
falcon tube was centrifuged at a speed of 400x g, 4°C for 45
min. After centrifugation, the supernatant was cast off and
the pellet was mixed with a pre-warmed lysing solution for
the lysis of erythrocytes. After 2-3 minute incubation, the
tube was again centrifuged at 200x g 4°C for 5 min. The
supernatant formed was discarded and the pellet was resus-
pended in PBS. Finally, the cells were viewed under an
inverted light microscope (Olympus ck 30, Tokyo, Japan)
and calculated by using standard trypan blue method.

2.8. Cell Migration Assay

The inhibitory effect of BBP on chemotactic movement
of neutrophils was measured by using a modified method of
llangkovan et al. (2015) [16]. The neutrophils isolated from
the non-immunized whole mice blood were calculated and
t01.5 x 10° cells/ mL (final concentration). Cytoselect 24-
well cell migration assay kit (Cell Biolabs, Inc. (San Diego,
CA, USA) was used to perform the experiment. Initially, a
total of 500 uL RPMI media comprising of chemotactic
stimulant, fetal bovine serum (10%) was pipetted into the
lower chambers while 300 pL of cell suspension in serum-
free media was pipetted into the upper chamber of migration
assay plate. Afterwards, the plate was kept for 2.5 h at 37°C
in a humidified atmosphere (5% CO, incubator) to allow the
cells to migrate towards the chemoattractant. After the speci-
fied time interval, the inserts were shifted to the new wells
containing cell detachment solution to remove the adhered
cells from the bottom side and again incubated at 37°C (5%
CO,) for 30 min to remove cells from the bottom of inserts.
Finally, the inserts were discarded and dislodged cells were
stained by adding the lysis buffer/CyQuant® GR dye solu-
tion. A fluorescence plate reader was used to analyse the
results.

2.9. CD11b and CD18 Integrin Expression Assay

The Mac-1 expression assay was conducted as previously
described by Ahmad et al. (2015) with minor changes [17].
LPS (3.5 pg/mL) was added to 100 puL of neutrophils cell
suspension and incubated in CO, incubator (Shel Lab; Shel-
don Manufacturing, Inc., Cornelius, OR, USA) at 37°C for
30 min. Thereafter, the tubes were simultaneously placed on
ice and 10 pL of CD11b-FITC-A, CD18-PE-A were added
to the mixture. Meanwhile, 1gG- FITC was added as a nega-
tive control and tubes were incubated on ice for 1 hr.
Afterwards, the tubes were centrifuged at a speed of 250 xg
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for 10 min and the supernatant was castoff while retaining the
cell pellet. Finally, the cells within the pellet were washed
twice with PBS at the same speed. The inhibition of adhesion
molecule expression was analyzed by flow cytometer.

2.10. Phagocytic Assay

The phagocytic activity assay was determined by using
the Phagotest assay kit (Glycotope Technology, Berlin,
Germany). The isolated neutrophils from the whole blood
collected from mice (100 uL) was mixed with 20 pL of FITC
Escherichia coli and kept in water bath at (37°C) for 10 min.
Thereafter, the samples were immediately transferred on ice to
stop the process of phagocytosis. Subsequently, 100 pL of
quenching solution was added which suppressed fluores-
cence of the bacteria to bind to the outside of the cell. The
sample tubes were vortexed well and centrifuged at 250 xg
for 5 min after adding 3 mL of washing solution. The sam-
ples were then washed again and centrifuged at 250 xg for 5
min (4°C). Finally, 200 pL of DNA staining solution was
pipetted into each tube and vortexed. The phagocytic activity
was examined by flow cytometer (BD FACS Canto, BD
Biosciences) and indicated as (%) phagocytizing neutrophils.

2.11. Phagoburst Assay

The quantitative determination of oxidative burst of leu-
kocytes isolated from the whole blood of Balb c¢/mice was
investigated by using Phagoburst kit (Glycotope Technolo-
gy, Germany). The assay was performed using manufactur-
er’s guidelines. In brief, to trigger the cells, the neutrophils
suspension (100 pL) was mixed with 20 uL of precooled E.
coli and kept in a water bath at 37°C. After 10 min of incu-
bation, 20 pL of substrate solution, dihydrorhodamine (DHR
123) was pipetted into respective tubes to determine the per-
centage of phagocytic cells producing reactive oxidants
(conversion of DHR 123 to R 123 and their enzymatic activi-
ty amount of R 123 per cell). and incubated for another 10
min at 37°C. Lastly, 200 pL of DNA staining solution was
added and cells were analysed by flow cytometry (BD FACS
Canto, BD Biosciences).

2.12. Plasma Level of Myeloperoxidase Enzyme

Myeloperoxidase (MPO) level in the plasma was measured
by using Mouse MPO ELISA kit (Abcam Biotechnology
Company, Cambridge, UK) and the experiment was per-
formed by using the manual guidelines. The whole blood col-
lected from euthanized mice was centrifuged at 2000 x g for
5 min at 4°C and plasma was separated. Briefly, 100 puL of
each standard and sample was pipetted into the wells and
incubated for 2.5 h at 37°C with gentle shaking. After the
specified period, the wells were washed and pipetted with
100 uL of 1X prepared biotinylated antibody. After one hr,
the process of washing was repeated. Finally, after adding
100 pL of prepared HRP- Streptavidin solution, 100 pL of
TMB substrate reagent was put into each well and kept at
37°C for 30 min protected from light. In the end, 50 pL of
Stop Solution was added to each well and a microplate read-
er was used to measure the plasma level of MPO.
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2.13. Analysis of Serum Levels of Lysozyme and Cerulo-
plasmin

The effect of BBP on serum level of lysozyme and ceru-
loplasmin was determined by using a commercially available
kit (Wuhan Biotech Co., Ltd, Wuhan, China). The whole
mice blood was centrifuged at 5000 rpm for 20 min at 4°C to
separate the serum. The collected serum was kept at 20°C till
the experiment was done. The assay was conducted using
manufacturer’s guidelines.

2.14. Spleen Cell Suspension Preparation

To investigate the effects of synthetic analogue on lym-
phocyte proliferation and expression of effector cells, spleen
cell suspension was prepared. From the animals immunized
with 5.0x10° SRBCs/mL intraperitoneally, the spleen was re-
moved aseptically and the splenocyte suspension was prepared
using the method of Wang et al. (2013) with minor modifica-
tion [18]. Briefly, after being humanly killed, the abdominal
cavity of animals was cleaned with 70% alcohol swabs and
an incision was made to remove the spleen. The spleen was
immediately kept into 50 mL conical tube previously filled
with cold PBS. Afterwards, before cutting the spleen into
small pieces, it was positioned onto a cell strainer (70 pum).
By using the plunger at the end of a syringe, the small pieces
of spleen were pushed through the strainer and the cells were
then washed with enough PBS. After centrifugation at a
speed of 300x g for 5 min, the upper layer was removed and
the cell pellet was resuspended in 2 mL pre-warmed Pharm
Lyse lysing solution and kept for 3 min at 37°C. The wash-
ing step was again repeated at 250xg for 5 min. The top lay-
er was aspirated and the cells were resuspended in 1 mL of
complete medium (RPMI-1640). By using the standard try-
pan blue reagent, the viability of cells was assessed.

2.15. T and B Lymphocyte Proliferation Assay

The proliferative response of lymphocytes was assessed
by the method of Varalakshmi et al. (2008) [19]. LPS and Con
A at different concentrations (5 and 10 pg/mL, respectivelyg
were used to stimulate the splenocytes. Concisely, 4x10
cells/mL of spleen cell suspension in RPMI-1640 complete
medium were incubated with or without aforesaid mitogens in
96-well plates (200 uL/well) in 5% CO, (Shel Lab; Sheldon
Manufacturing, Inc., Cornelius, OR, USA) at 37°C for a du-
ration of 48 h. After 48 h, *H-thymidine at a concentration of
0.5 pCi/well was incorporated in all wells and incubated for
24 h. Upon completion of the incubation period, by using a
Nunc cell harvester, the cells were harvested. Afterwards, 5
mL of scintillation fluid was added to determine the thymi-
dine incorporation by a liquid scintillation counter (Perkin
Elmer, Inc. Waltham, MA, USA). The data was represented
as the stimulation index (Sl), by applying the following for-
mula:

SI = Average cpm with stimulation x 100
Average cpm without stimulation

2.16. T Lymphocyte Phenotyping Assay

To differentiate the T lymphocytes subset population,
specific antibodies i.e. APC-conjugated CD8 for identifying
CD8+ T-cells and APC-H7-conjugated CD4 for identifying
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CD4+ T-cells were used (San Jose, CA, USA). With slight
modification, the method previously explained by Gupta et
al. (2006) was employed [20]. Briefly, after the lysis of
RBCs by Pharm Lyse lysing solution, splenocytes cell sus-
pension (1x10° cells/mL) was prepared. Thereafter, 50 pL of
prepared cell suspension was added into the labeled 15 mL
falcon tubes. Then 10 pyL of APC-conjugated anti-mouse
CD8 and APC-H7-conjugated anti-mouse CD4" antibodies
were added into the respective tubes. The tubes were then
incubated on ice for 30 min. After the specified time interval,
the cell suspension was washed by using cold PBS (2 mL)
and centrifuged at 250xg for 5 min. Lastly, the supernatant
was removed and the pellet was resuspended in 300 pL of
PBS. The analysis was performed with multicolor flow cy-
tometry using Cell Quest Pro Software and the results were
expressed in percentage of CD4" and CD8" expression.

2.17. Th1/Th2 Cytokines Production

To evaluate the effect of synthetic analogue on Th1/Th2
cytokines in sensitized Balb/c mice, the serum was separated
from whole blood collected from treated/untreated mice by
centrifuging it at 2,000x g for 20 min. The commercially
available ELISA kits (R&D Systems Abingdon Science
Park, UK) were used to determine sera levels of Thl (IL-2,
IFN-y) and Th2 (IL-4) cytokines. Briefly, 50puL of standard,
control and serum samples were added in a microplate pre-
coated with the antibodies specific for particular Th1/Th2
cytokines and incubated for 2 h at 37°C. Subsequently, fol-
lowing the washing steps, 100 pL of cytokine specific con-
jugate was added into the wells. After 2 h of incubation,
substrate solution (100 pL) was added and lastly, stop solu-
tion was pipetted into the wells. A microplate reader sup-
plied by Thermos Fisher Scientific was used to measure the
absorbance at 450 nm within 30 min of last step performed.

2.18. Delayed-type Hypersensitivity Reaction (DTHR)

The footpad reaction was performed using a modified
method illustrated by George et al. (2011) [21]. On day 0 of
treatment, all experimental animals were injected intraperi-
toneally with 200 pL sRBC (5 x 10° cells/mL). On day 14,
the thickness of hind footpad of all experimental animals was
recorded using digital Plethysmometer (Ugo Basile, USA).
The right hind footpad's thickness was considered as control
whereas, the left hind footpads of the animals were chal-
lenged by injecting 20 pL of SRBC (5x10°) intradermally.
The thickness of foot pad was again recorded after 24 h, and
the changes between the paw thickness (right and left paw)
were indicated as footpad reaction.

2.19. Measurement of Serum IgG and IgM Levels in Re-
sponse to Sheep Red Blood Cells

Anti-sRBC 1gG and IgM ELISA kit (Life Diagnostics,
West Chester, US) were used to detect the serum level of
anti-sRBC 1gG and IgM. The experiment was conducted
using the guidelines provided in the manual. Experimental
animals (six groups with six animals each) were immunized
by administering intraperitoneally 5x10° sRBC/mL in 200
uL on day 0 of the experiment (Ray and Dittel, 2010) [22].
Mice were orally fed with 5, 10 and 20 mg/kg of BBP for 14
days. The blood samples were withdrawn from all mice on
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day 8 to estimate the level of IgM antibody, and for IgG an-
tibody levels, the blood samples were again taken from all
animals on day 14. Serum was rapidly separated by centrifu-
gation at 3500 x g for 10 min at 4°C and stored at -20°C
until used.

2.20. Statistical Analysis

All the results were analysed by using Graph Pad Prism 5
software (GraphPad Software, Inc., La Jolla, CA, USA).
One-way analysis of variance (ANOVA) with post-
Dunnett’s test was employed to compare treated samples
with a single control. All the values were expressed as mean
* standard deviation (SD) of six values. p < 0.001, p < 0.01,
and p < 0.05 were considered to be statistically significant.

Fig. (2). Body weight of control and BBP (5, 10 and 20 and
30mg/kg) treated Balb/c mice during observation period. Results
are presented as mean * SD, with n=6 in each group. ***P<0.001;
**P<0.01; *P<0.05, significantly different from the control group.

3. RESULTS
3.1. Subchronic Oral Toxicity

The alterations in body and organ weights along with the
gross necropsy of body tissues is generally used to indicate the
toxic effects of substances on animal and human bodies. In
this study, male Balb/c mice were used to perform subchronic
oral toxicity study of the novel synthetic compound, BBP. The
compound at first three doses (5, 10, and 20 mg/kg) was well
tolerated by all animals with no mortality or morbidity during
the observation period. The color of hair, skin, oral activity,
teeth, and eyes of treated mice and control were usual and no
eye secretion, edema or salivation was observed. Similarly,
the light reaction and behaviour activities of the mice were
normal. As shown in Fig. (2), after treatment, the body
weight as well as organ’s weight of the treated mice among
three groups (5, 10, and 20 mg/kg) increased steadily but
were not significantly different as compared to the control
mice. Contrary to this, the animals in the fourth group (30
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Fig. (3). Histopathological examination (H&E, 10X) of heart, liver and kidney tissues of experimental animals. Normal control (a, g, m),
vehicle control (b, h, n), 30 mg/kg (c, i, 0), 20 mg/kg (d, j, p), 10 mg.kg (e, k, g), 5 mg/kg (f, I, r). (*); presence of tissue debris, («»); diameter

of Bowman'’s capsule, (—); spotty necrosis.

mg/kg) witnessed significant signs of toxicity. Fig. (2) clearly
showed the remarkable loss of weight in animal’s body from
24.4+£2.0gon0daysto15.2 £ 2.1 g on day 14. In addition,
the animal’s behaviour in this group was found to be abnor-
mal throughout the study and feces were full of pus or mu-
cus. Therefore, the presented results clearly indicated that
BBP at concentrations of 5, 10 and 20 mg/kg was entirely
safe for use in this study.

3.2. Effect of BBP on Histology of Heart, Liver and Kid-
ney Tissues

Histological evaluation was performed to demonstrate
the differences of treated tissue compared to normal tissue.
Fig. (3) demonstrated that the gross necropsy findings of
heart tissue treated by 30 mg/kg displayed extensive vacuoli-
zation and major myofibrils loss compared to normal heart
tissue. It has been clearly observed by the presence of tissue
debris (*). Besides, for other treatment groups, no major
changes on vacuolization and no myofibrils loss was ob-
served compared to normal heart tissue. In addition, in con-
trol group, the histopathology of the liver revealed a normal
distribution of hepatocytes with clear visible nuclei, a portal
triad and central vein. For the 30 mg/kg treatment, massive
necrosis of centrolobular was clearly visualized inside and
surrounding the terminal hepatic venule (THV) of the
affected liver. Besides, the dilatation of central vein was sig-
nificantly observed in 30 mg/kg group when compared with
control and other groups. The nuclei of hepatocyte and
hepatocytes sheets were also not clearly visualized at many
areas of the liver. A sign of spotty necrosis (black arrow) in
the liver explain the progression of liver tissue toxicity.
However, the liver section of other treatment groups demon-
strated similar aforementioned characteristics but gradually
deficit when reaching a higher concentration of treatment (5-
20 mg/kg). Correspondingly, prominent changes were ob-
served on the Bowman capsule as well as convoluted tubules

in the kidney of 30 mg/kg treatment group. As shown in Fig.
(3), the diameter of convoluted tubules was greatly increased
compared with control and other treatment groups. Besides,
the image suggesting the patchy necrosis of tubules or dif-
fuse revelation of the renal tubular cells with flattening of
cells because of tubular dilation (orange arrows); the cast
formation within the tubules (yellow arrows); and sloughing
of cells resulting in granular casts formation (red arrow).
Finally, the blockage within the tubules due to the uncovered
epithelium and cellular debris is visible (green arrow); and
the reorganization of intercellular adhesion molecules cause
the denuded tubular epithelial cells to lump together.

3.3. Effect of BBP on Neutrophil Migration

Cell migration assay was performed to explore the poten-
tial of BBP on leukocytes migration. 10% FBS served as a
chemotactic stimulus. As illustrated in Fig. (4), a dose-
dependent suppression of directional movement of neutrophils
was seen i.e. by increasing the dose; reduced number of cells
migrated. However, the ex vivo chemotactic migration inhi-
bition of neutrophils was found to be significantly high (p <
0.01) at the highest dose of 20 mg/kg which was comparable
to the positive control, cys A.

3.4. Effect of BBP on Mac-1 Expression

The regulation of CD11b/CD18 (Mac-1) surface expression
is recognized imperative for adhesion and extravasation of leu-
kocytes [23]. Fig. (5) depicted that the neutrophils purified
from the blood of BBP treated mice followed a dose-
dependent manner of inhibition of percentage expression of
CD11b/CD18. However, in comparison to the untreated
group, the inhibitory effects were found to be significant at
the highest dose (20 mg/kg). Further, no substantial effects
were reported at a dose of 5 mg/kg when compared with
control (Table 1).
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Fig. (4). Effect of BBP (5, 10 and 20 mg/kg) on the chemotaxis of neutrophils isolated from experimental animals. Results are represented as
mean + SD, with n=6 in each group. ***P<0.001; **P<0.01; *P<0.05, significantly different from the control group. Abbreviations: NSC;

non sensitized control, VHC; vehicle treated control.

QuickTime™ and a

decompressor
are needed to see this picture.

Fig. (5). Flow cytometric evaluation of the effect of BBP (5, 10 and 20 mg/kg) on Mac-1 expression in neutrophils isolated from experimental
animals. Abbreviations: NSC; non sensitized control, VHC; vehicle treated control, FITC-A; Fluorescein isothiocyanate-A, PE; phyco-

erythrin.

3.5. Effect of BBP on Phagocytic Activity of Neutrophils

The capacity of isolated neutrophils from the treated and
untreated groups of animals to engulf opsonized bacteria was
investigated by using flow cytometer. The phagocytic activi-
ty was measured by comparing the percentage of phagocyto-
sis with the reduction in the percentage of E. coli engulfment
by phagocytic cells. The results obtained showed that the

administration of BBP at high doses of 10 and 20 mg/kg
caused the significant inhibition of bacteria engulfment by
neutrophils in comparison to the control group (p < 0.01).
Notably, mild phagocytic inhibitory activity was observed at
a dose of 5 mg/kg. The potential effects of BBP on the neu-
trophil’s phagocytic activity are shown in Table 1 and Fig.
(6).
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Table. 1. Effect of various concentration of BBP on PMN Mac-1 expression activity (%), Phagocytic activity (%) and Phagoburst

activity (%0).
% Activity
Group Dose (mg/kg)
% Mac-1 Expression % Phagocytic Activity % Phagoburst Activity
NSC 83.49+4.2 74.48 £3.6 83.14+37
VHC 82.59+34 7420+4.1 847546
BBP 5 81.55+3.9 70.25+3.7* 80.69+3.5
BBP 10 78.52+5.8 67.53 £ 4.4** 7745+ 4.4*
BBP 20 76.45 + 3.2* 63.13 + 3.3** 72.21 + 4.0**
Cys A 20 64.52 + 4.5%** 48.29 £ 5.6*** 66.23 + 3.2%**

NSC, non-sensitized control; VHC, vehicle treated control; Cys A, cyclosporin A.

The values are expressed as the mean + SD, with n=6 in each group. *** P < 0.001; **P < 0.01; *P < 0.05, significantly different from control group.

Fig. (6). Flow cytometric evaluation of the effect of BBP (5, 10 and 20 mg/kg) on phagocytic ability of neutrophils isolated from experi-
mental animals. Abbreviations: NSC; non sensitized control, VHC; vehicle treated control, FITC-A; Fluorescein isothiocyanate-A.

3.6. Effect of BBP on Phagoburst Activity of Neutrophils

To appraise the effects of BBP on oxidative burst, the
separated neutrophils from untreated and treated mice were
incubated with bacteria. The phagoburst activity is expressed
by the percentage of cells producing reactive oxygen radi-
cals. The results obtained from flow cytometry (Table 1, Fig.
7) revealed that mice treated at doses of 5, 10 and 20 mg/kg
exhibited a decrease in the percentage of leukocyte oxidative
burst in a dose-dependent manner. Similar to Mac-1 expres-
sion, the optimal percentage of phagoburst activity was
found at the highest dose of BBP and it was found compara-
tive to the positive control, Cys A-treated group.

3.7. Effect of BBP on Plasma Level of Myeloperoxidase
Enzyme

The myeloperoxidase enzyme level was determined by
separating the plasma from the whole blood of control and

treated mice and it was seen that all treated groups exhibited
significant dose-dependent suppression of plasma MPO lev-
els i.e. increase in the doses of BBP led to an increase in the
inhibition of MPO levels in the plasma (Fig. 8). Although a
significant level (p < 0.001) of inhibition was seen at the
highest doses of 20 and 10 mg/kg.

3.8. Effect of BBP on Serum Levels of Ceruloplasmin and
Lysozyme

The in vivo immunomodulatory effects of BBP on serum
level of lysozyme and ceruloplasmin was investigated in this
study and the results are shown in Fig. (9). The obtained data
depicted that the treatment of Balb/c mice with BBP (5-20
mg/kg) resulted in a significant (p< 0.001) inhibition of se-
rum lysozyme in contrast to control. As shown in the figure,
among all the tested doses, the best effects were noted at a
dose of 20 mg/kg and comparable to that of the positive
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Fig. (7). Flow cytometric evaluation of the effect of BBP (5, 10 and 20 mg/kg) on oxidative burst by neutrophils isolated from experimental
animals. Abbreviations: NSC; non sensitized control, VHC; vehicle treated control, FITC-A; Fluorescein isothiocyanate-A.

Fig. (8). Effect of BBP (5, 10 and 20 mg/kg) on plasma MPO level
in treated Balb/c mice. Results are presented as mean + SD, with
n=6 in each group. ***P<0.001; **P<0.01; *P<0.05, significantly
different from the control group. Abbreviations: NSC; non sensi-
tized control, VHC; vehicle treated control.

control. For both lysozyme and ceruloplasmin, it can be
clearly seen that the serum level was suppressed in a dose-
dependent manner. Though for serum level of ceruloplasmin,
compared to the control, mild inhibitory effects were seen at
doses of 5 and 10mg/kg and more pronounced suppression
was observed in the animals with 20 mg/kg treatment group.

3.9. Effect of BBP on Splenocyte Proliferation

Fig. (10) depicts the anti-proliferative activity of BBP.
The obtained results revealed that the synthetic analogue
potentially inhibited mitogen-induced splenic lymphocyte
proliferation and this inhibition was found to follow a dose-

dependent manner. The reduced proliferation of lymphocytes
from mice spleen treated with the synthetic compound was
significant at doses of 10 and 20 mg/kg for both T and B-
cells and it was comparable with the control group.

3.10. Effect of BBP on Lymphocyte Phenotyping

Based on the expression of surface markers, the splenic
lymphocytes of treated mice were differentiated into T help-
er cells (CD4") and T suppressor cells (CD8"), using flow
cytometry. Splenocytes isolated from treated (BBP) and un-
treated mice (control group), immunized with sheep red
blood cells were stained with specific conjugated antibodies
and analyzed by flow cytometry. The results obtained are
shown in Table 2. The data revealed that in comparison to
sensitized control (immunized with sRBC), the percentage
expression of CD4+ and CD8" was significantly and dose-
dependently suppressed at graded doses. However, the max-
imum inhibition by BBP was seen on the percentage of CD4
expression at 20 mg/kg dose and it was also found compara-
ble to that of the Cys A, the immunosuppressant drug at a
dose of 20 mg/kg. The immunosuppressive potential of our
compound was strengthened by the inhibition of CD4",
CD8" expression which was found more noticeable for CD4"
T cell subset at the highest dose.

3.11. Effect of BBP on Serum Level of IL-2, IL-4 and
IFN-y

The effects of BBP at specified doses were investigated
on Thl and Th2 cytokines production by commercially
available ELISA assay kit. The obtained results revealed that
in comparison to the sensitized control group (immunized
with sSRBC), the sera level of IL-2 were significantly reduced
and comparable to the Cys A-treated group at first two doses
i.e. 20 and 10 mg/kg while for the third dose (5 mg/kg), less
inhibition of serum level IL-2 was observed as shown in
Fig. (11). On the contrary, the figure presented that the sera
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Table 2.  Effect of various concentration of BBP on CD4* and CD8" expression (%) in spleen cells.

Group Dose (mg/kg) T-cell Subset Detection (%)
CD4* CD8*

SC - 21.03+26 30.62+4.1
VHC - 20.67+£3.2 30.03+28
BBP 5 18.45+3.9 28.08 £3.0

26.40 + 3.7*
BBP 10 17.27 £ 4.3*
BBP 20 14.33 £ 4.6*** 2547 £ 4.7%**
Cys A 20 10.63 + 4.5*** 16.13 £ 4.2%**

SC, sensitized control; VHC, vehicle treated control; Cys A, cyclosporin A.
The values are expressed as the mean + SD, with n=6 in each group. *** P < 0.001; **P < 0.01; *P < 0.05, significantly different from the control group.

Fig. (9). Effect of BBP (5, 10 and 20 mg/kg) on the serum lysozyme and ceruloplasmin level in treated Balb/c mice. Results are presented as
mean + SD, with n=6 in each group. *** P<0.001; **P<0.01; *P<0.05, significantly different from the control group. Abbreviations: NSC;
non sensitized control, VHC; vehicle treated control.

ieeded to see this picture.

Fig. (10). Effect of BBP (5, 10 and 20 mg/kg) on proliferation of T and B lymphocytes. Results are presented as mean + SD, with n=6 in each
group. P value; ***P<0.001; **P<0.01; *P<0.05, significantly different from the control group. Abbreviations: SC; sensitized control,
VHC; vehicle treated control.
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Fig. (11). Effect of BBP (5, 10 and 20 mg/kg) on the serum level of IL-2, IL-4 and IFN-y from the experimental animals. Results are present-
ed as mean + SD, with n=6 in each group. ***P<0.001; **P<0.01; *P<0.05, significantly different from the control group. Abbreviations:

SC; sensitized control, VHC; vehicle treated control.

Fig. (12). Effect of BBP (5, 10 and 20 mg/kg) on the serum level of IgG and IgM from the experimental animals. Results are presented as
mean * SD, with n=6 in each group. ***P<0.001; **P<0.01; *P<0.05, significantly different from the control group. Abbreviations: SC;

sensitized control, VHC; vehicle treated control.

level of Thl cytokine, INF-y were found to be significantly
suppressed at all the doses when compared to the sensitized
control group. At the highest dose, 20 mg/kg, the inhibition
of serum level of IL-4 was significantly higher than in the
sensitized control group whereas, reduced inhibition activity
was measured at the remaining two doses.

3.12. Effect of BBP-treated Mice on Delayed-type Hyper-
sensitivity (DTH) Response

DTH response to SRBC was calculated as the measure of
paw edema thickness (mm) for 5, 10 and 20 mg/kg BW of

each animal after treatment with BBP and compared with the
sensitized control (immunized with sSRBC). To evaluate the
DTH reaction, the peak oedema at 24 h was taken as a pa-
rameter. Previously it was reported that sSRBC caused an
increase in the paw thickness within 18-24 h [24]. Corre-
spondingly, in this study, an enhanced paw thickness was
examined in the untreated group while the immunized treat-
ed groups that were administered with BBP at graded doses
were found to elicit substantial inhibition in paw oedema as
illustrated in Table 3. Furthermore, among the three doses,
significant suppression (p > 0.01) in paw volume was ob-
served at 20 and 10 mg/kg groups.
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Table 3. Effect of BBP on Delayed Type Hypersensitivity
response in Balb/c mice.
Paw Thickness (mm)
Group 24 h Oedema % Inhibition in Paw Oedema
SC 0.64 +0.25
VHC 0.68 + 0.60
BBP (5mg/kg) 0.60+0.73 6.25%
BBP (10mg/kg) 0.56 +0.97 12.50%*
BBP (20mg/kg) 0.54 +0.86 15.62**
Cys A (20mg/kg) 0.37+0.64 42.18%**

SC, sensitized control; VHC, vehicle treated control; Cys A, cyclosporin A.
The values are expressed as the mean + SD, with n=6 in each group; p value; *** P <
0.001; **P < 0.01; *P < 0.05, significantly different from the control group.

3.13. Effect of BBP on Serum Level of IgG and IgM An-
tibodies

In response to a T-cell dependent antigen (sRBC), the
serum of treated mice was detected for 1gG and IgM levels.
The experiment was performed using the technique of ELI-
SA. Data is shown in Fig. (12). The levels of immunoglobu-
lins IgM and 1gG were appreciably reduced dose-
dependently in the sera of mice treated with BBP when com-
pared to control. However, mild to weak inhibitory activity
was detected for IgG antibody at a dose of 10 and 5 mg/kg,
respectively, while a significant decrease (p < 0.01) in anti-
SRBC IgM and IgG levels was noticed in the sera of mice
treated with high dose as compared to the antibody levels in
the sera of sensitized control group.

5. DISCUSSION

The defense system of humans is multifarious, the func-
tion of which involves an appropriate interaction among the
immune cells to maintain the normal homeostasis. The mod-
ulation of immune responses is required upon the imbalance
of the defense system [25]. It is well established that a, -
unsaturated carbonyl moieties are recognized as the reactive
structures of synthetic molecules as well as natural products
and hence exhibit miscellaneous pharmacological activities
i.e.,, a potent antioxidant, anti-inflammatory, antibacterial,
antitubercular and immunomodulatory properties [9, 12]. In
our previous study, we investigated a series of o, B unsatu-
rated carbonyl based compounds on the phagocytic function
of neutrophils as an important indicator of innate immunity.
Our results revealed that among 41 novel compounds, BBP
showed potent inhibitory activity on the migration of neutro-
phils, E. coli engulfment, Mac-1 expression, and ROS pro-
duction by human leukocytes [11]. The existing work was
designed to explore the effects of BBP on the specific and
nonspecific immunity parameters using male Balb/c mice.
Our data indicated that the novel synthetic a, B unsaturated
carbonyl based compound possessed great potential as a
promising immunosuppressive agent. Indeed, the data ac-
quired from the present in vivo work was found analogous
with the data gathered from in vitro study. In this study, the
oral administration of the synthetic curcumin analogue in
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male Balb/c mice at three doses (5, 10 and 20 mg/kg) for 14
days was found safe since no toxic symptoms and abnormal
behavior was witnessed. However, evident by the gross nec-
ropsy of the tissues (liver, kidney and heart) and remarkable
loss of body weight manifested by treated animals, the dose
of 30 mg/kg was not continued further in this in vivo study.

In the first experimental design, we investigated the non-
specific immune responses mediated by different cellular and
humoral components of innate immune system. CD11b/
CD18 (Mac-1) is one of the most copious integrins on neu-
trophils and the adhesion of leukocytes to the vascular endo-
thelium along with the subsequent steps involved in the re-
sistance to microbes requires the adhesion of B2 integrin to
the ligands. The downregulation of B2 integrin expression
has also been associated with the progression of deadly sys-
temic inflammatory disorders resulting in organ damage
[26]. For the significant reduction of Mac-1 expression per-
centage compared with the control group, it is assumed that
BBP may cause changes in the confirmation of Mac-1 com-
plex because, upon the stimulation of neutrophils, CD11b/
CD18 move to the cell surface probably through conforma-
tional alterations [27]. Also, the inhibition may be due to
altered protein kinase C (PKC), which plays a pivotal role in
B2 integrin regulation and cell migration [28]. Corresponding-
ly, this study demonstrated significant inhibitory effects of
BBP on the movement of neutrophils towards the chemotactic
stimuli as compared to control. The downregulation of Mac-1
could be one of the possible mechanism for the inhibition of
FBS-induced chemotaxis (ex vivo) of neutrophils isolated
from mice pretreated with BBP as chemoattractant triggered
neutrophil’s chemotaxis is mediated by Mac-1 [29, 30].

Neutrophils are multifunctional cells of innate immunity
and after being accumulated at the site of infection, phagocy-
tose the attacking microorganisms followed by the release of
superoxide radicals and other secondarily derived ROS for
the prompt Killing of bacteria [31]. The immunomodulatory
effects of BBP on the phagocytic capacity as well as subse-
quent oxidative burst by neutrophils in our ex vivo study
may be due to the inhibition of Mac-1 expression that causes
the antibodies against the complement surface receptors,
CR3 on neutrophils to repress pathogens binding to phago-
cytic cells [32]. Another study described that suppression of
Mac-1 results in inadequate ROS release degranulation in
peritonitis models, as well as reduced binding, also causes
abnormal phagocytosis of complement-opsonized particles
[33].

Myeloperoxidase enzyme (MPO) being part of innate
immunity plays an important role in cellular homeostasis and
impaired levels cause instigation and development of serious
and long-lasting inflammatory disorders. This enzyme is
amply expressed in neutrophils and serves as a microbicidal
agent by producing ROS that subsidizes the demolition and
extermination of ingested microbes [34]. MPO bind with
integrin exposed on neutrophil’s surface which effectively
causes the neutrophil’s activation by boosting p38 mitogen-
activated protein kinase (MAPK) phosphorylation [35]. The
inhibition of MPO could be attributed to the inhibition of
Mac-1, as the downregulation of Mac-1 suppress the sequen-
tial phagocytosis process and release of toxic radicals and
enzymes.
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Lysozyme has a central part in the nonspecific humoral
immune mechanism which is produced by different phago-
cytic cells [36] and has the ability to stimulate phagocytes
and trigger the complement system through its bactericidal
and opsonin effects to prevent different infections. The po-
tential inhibitory effects of BBP at the indicated doses on the
serum level of lysozyme could possibly be due to inhibition
of phagocytosis process as the aforesaid enzyme is released
during the process of phagocytosis [37]. Furthermore, TNF-a
stimulated raised level of lysozyme by phagocytic cells
could also be suggested as one of the possible mechanism
exerted by BBP [36]. Ceruloplasmin has been expressed as
an imperative element of cell-mediated immunity and known
to engage in the antioxidant activity. The repression of ceru-
loplasmin sera levels of experimental animals’ dose-
dependently could be attributed to the suppression of certain
proinflammatory cytokines like TNF-a, IL-1, and IL-6 which
cause the release of ceruloplasmin [38].

In the second experimental study, all the experimental
animals were immunized with sSRBC and the inhibitory po-
tential of BBP at varying doses was assessed on the immune
specific cellular and humoral responses. The suppression of
T cell-mediated immune functions occupies a key position in
the pathological process of different chronic inflammatory
disorders. In our study, the antiproliferative action of BBP
may be due to the inhibition of enzymes (ribonucleotide re-
ductase and DNA polymerase) involved in process of DNA
synthesis or it may have repressed the growth of cells during
the S phase of cell cycle [39].

The immunosuppressive potential of BBP was strength-
ened by the inhibition of CD4, a CD8 expression which was
found more noticeable for CD4+ T-cell subset at the highest
dose (20mg/kg) and our results corroborated previously re-
ported work [40]. CD4+ and CD8+ lymphocytes, owing to
their specific membrane molecule are different functionally
as well as phenotypically and have the ability to modify the
immune responses by regulating the release of different cy-
tokines [41].

T cell-mediated immunological responses were further
explored by cytokines production; the altered levels of these
cytokines occupy central part in the pathogenesis of many
chronic inflammatory disorders and allergic reactions [42].
TNF-a is usually associated with Thl subset of lymphocytes
and involves in cell-mediated inflammatory and other im-
mune processes. Whereas, Th2 lymphocytes secrete IL-4 and
IL-5 cytokines particularly linked with humoral immunity as
they cause B cells to proliferate and differentiate [43]. In our
study, the potential reduction of cytokines production may
be one of the promising mechanisms for inhibition of lym-
phocytes as mentioned in section 3.9. In addition, it has been
documented that production of IL-12 is one of the major
mechanism that affects the cytokine release in CD4+ cells
[44].

DTH reaction particularly appears after the second con-
tact with the antigen where T —helper cells cause the release
of different immune cells and cytokines including IFN-y, IL-
2 responsible for inflammation [45]. The possible mecha-
nism for significant immunosuppressive activity at the cellu-
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lar immunity level could be due to the inhibition of T lym-
phocytes activation and the resultant release of cytokines.
However, it could also be assumed that the compound may
have affected the release of histamine and arachidonic acid
metabolism pathway involved in the progression of DTH
reaction [46].

The inhibition of the humoral response against SRBCs by
BBP was signified by the substantial and dose-dependent
decrease in serum antibodies level in mice. Lymphocytes
along with the macrophages are involved in the production
of immunoglobulins. Initially, IgM antibody is produced as a
primary response while 1gG antibody produced few days
after immunization with SRBC. Numerous studies reported
that the reduction in humoral immune response could be due
to suppression of antigen processing and presentation, or the
inhibition of proliferation of T and B lymphocytes or might
be influenced by the release of different cytokines produced
upon T cell and B cell stimulation [47].

CONCLUSION

The outcome of the current study corroborated that BBP,
the synthetic curcumin analogue possessing o, 3-unsaturated
carbonyl moiety, exhibited strong suppressive effects on the
cellular and humoral components of the innate and adaptive
immune system of male Balb/c mice, and highlighted its
significant immunomodulatory potential. The results ob-
tained in this in vivo work are incongruent with our previous
in vitro findings which showed that BBP markedly sup-
pressed the innate immune defence by inhibiting chemotactic
migration, engulfment activity of phagocytes and suppress-
ing the ROS production by leukocytes [11]. These results
suggest that BBP has the potential of developing as an effec-
tive therapeutic agent for the treatment of immune system
disorders especially autoimmune diseases like arthritis psori-
asis, lupus and eczema. However, further mechanistic studies
should be accomplished as well as its pharmacokinetic and
pharmacodynamics studies to confirm its mechanisms of
action as a potent immunosuppressive drug candidate.
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