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Abstract

Purpose: To study the immunosuppressant and immunopotentiating effects of ketoprofen on antibody-
producing cells.

Methods: Mice were given ketoprofen at doses of 1 mg/kg/day and 5 mg/kg/day for seven days.
Similarly polyinosinic—polycytidylic acid (Poly IC) and phosphate buffer saline (PBS) were used as
positive and negative control, respectively, for seven days. After seven days, the mice were sacrificed
and their spleens removed. Simultaneously, blood was withdrawn from the hearts of the mice and
serum was separated from the blood. The spleen cells were analyzed by enzyme-linked immunospot
(ELISPOT) while the serum was investigated by enzyme-linked immunosorbant (ELISA) to evaluate the
effects of ketoprofen on the ability of individual cell to produce antibodies and antibody- mediated
immune responses.

Results: Ketoprofen significantly (p < 0.001) reduced the ability of individual cells to produce antibodies.
There was a significant difference (p < 0.001) in % of spot forming cells of PBS treated negative control
group (0.045 %) as against positive control (0.058 %), 1 mg ketoprofen /kg/day (0.037 %) and 5 mg
ketoprofen/kg/day (0.032 %) treated groups. The results of ELISA showed a significant (p < 0.005)
difference in the absorbance values between negative control, positive control, ELISA control and
ketoprofen treated groups. Absorbance was significantly (p < 0.005) reduced in ketoprofen-treated
groups.

Conclusion: The ability of an individual cell to produce antibodies and antibody-mediated immune
responses is suppressed by ketoprofen, suggesting that it is immunosuppressive, and thus indicating its
potential application in patients with auto-immune disorders.
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INTRODUCTION

Ketoprofen belongs to propionic acid class of
NSAIDs with analgesic, anti-inflammatory and
antipyretic effects [1,2]. It is most often
prescribed for muscle pain, tissue injury, and
joint pain and for laminitis [3].

The immune system has two main components
i.e. cellular immunity and humoral immunity [4].
The choice of immune assays for a given clinical
trial depends on the known or suggested
immunomodulation mechanisms associated with
the therapeutic modality [5]. Immune responses
in human and in other species at the single cell
level can be measured by ELISPOT assay. The
effects on a single cell level can be measured
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without any manipulation or expansion of the cell
population. ELISPOT assay is used to quantify
antigen-specific T-cell immunity and is also used
as a biomarker for monitoring the effects of
immunomodulatory drugs [6]. ELISPOT assay is
applied in the studies where counting of antigen
specific cells is important. In the ELISPOT assay
each antibody producing cell forms a black spot
when the substrate is added. If the ability of the
cell to produce antibodies is less the result will be
a decrease in the percentage of spot forming
cells.

ELISA is a very specific and sensitive method as
compared to those of radioimmunoassay and
has the advantage of automation. It is a widely
accepted and reliable assay for the detection of
antibody- mediated immune responses [7].
ELISA was developed for the determination of
IgG with the help of immunoadsorbant and
enzyme labeled antigens. It has an advantage
way of running a large number of samples
together and also to observe the antigen
antibody response [8]. ELISA is routinely used to
detect the effects of various drugs on the
immune system.

Ketoprofen is frequently used to treat different
medical conditions. It may affect immune system
at therapeutically effective doses. Therefore in
this study, we analyzed the effects of ketoprofen
on the ability of an individual cell to produce
antibodies by performing the ELISPOT assay
and ELISA was performed to analyze the effects
of ketoprofen on antibody mediated immune
responses.

EXPERIMENTAL

Mice (5-6 weeks old) were weighed and divided
into four groups i.e. negative control in which

only PBS (Phosphate buffer saline) was
administered, positive control in  which
polyinosinic—polycytidylic  acid (Poly 1C)
(Catalogue #4242-50, Sigma, Aldrich) was

administered, 1mg/kg ketoprofen treated and
5mg/kg ketoprofen treated groups. Each group
contained five mice (n=5). Ketoprofen was
purchased from Sigma Aldrich (Cat no. k1751-
5G). Mice in their respective groups were given
ketoprofen, PBS and Poly IC for 7 days. All
animal tests were carried out after obtaining
ethical approval from the University of Veterinary
and Animal Sciences Directorate of Advanced
studies (ref no das/ 2054 dated 19-5-12 and in
accordance with the IACUC Institutional
Guidelines for the Care and Use of Laboratory
Animals [9].

ELISPOT assay

After 7 days of treatment, mice were sacrificed
and their spleens were removed. Spleen cells
were separated on magnetic cell separator
(MACS) using CD45R (B220) micro beads and
further analyzed by ELISPOT for their ability to
produce antibodies. Development of specific
black spots indicated the ability of an individual
cell to produce antibodies and accordingly the
effects of ketoprofen, PBS and Poly IC on the
antibody producing cells [10].

Specific multiscreen IP ELISPOT plates were
used for the assay. Each well of the plate was
made wet with 15 yL of 35 % ethanol for one
minute. The plates were then rinsed with 150 pL
of sterile PBS three times before the ethanol
evaporated. The plates were coated with 5
pg/mL of (GPI) protein in sterile PBS and then
incubated overnight at 4 °C.

The primary antibody solution was decanted.
Unbound antibodies were washed off with 150
ML of sterile water per well. Washing was
repeated two times. The membrane of plates
was blocked with 200 pL per well of cell medium
(10 % RPMI) for at least 2 h at 37 °C.

The Blocking medium was decanted from the
plates and B cells separated from the spleen
were added at a final concentration of 1x10°
cells/mL to each well on the plates. The plates
were incubated for 6 h at 37 °C, 5 % CO, and 95
% humidity.

The Plates were washed three times with
PBS/0.01 % Tween 20 (100 pL of Tween 20 in 1
L PBS). 100 pL of secondary antibody Goat-
antimouse-IgG  (Jackson Immuno Research
Laboratories) was added to each well of the
plate. The plates were incubated for 2 h at 37 °C,
5 % CO; and 95 % humidity.

Secondary antibody was decanted and washed
three times with PBS/0.01 % Tween 20. The
plates were then washed three times with PBS.
100 uL of BCIP/NBT (5-bromo-4-chloro-3'-
indolyphosphate p-toluidine salt/ Nitro blue
tetrazolium Chloride, Thermo, USA) plus
substrate was added to each well and incubated
for 5-10 min. Afterwards plates were washed
extensively under running water to stop any spot
development. The percentage of spot forming
cells was calculated and the effect of ketoprofen
on the ability of an individual cell to produce
antibodies was analyzed by percentage of spot
forming cells [11].
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ELISA

After treating the mice for seven days with PBS,
poly-IC, 1 mg/kg/day ketoprofen and 5 mg/kg/day
ketoprofen, the mice were sacrificed and the
blood was withdrawn from the heart of the mice.
The blood was centrifuged at 14500 RPM for 20
min and the serum was separated. The assay
was evaluated employing ELISA. The following
procedure was carried out to perform ELISA.

Coating of plates

The assay was carried out using polystyrene flat-
bottom plates coated with 100 ul of recombinant
mouse GPI-GST at 5 pg/mL in PBS. The plates
were then incubated for 24 h at 4 °C in a
refrigerator. The plates were rinsed with wash
buffer comprised of tween-20 and PBS. After
rinsing, 200 pL of blocking buffer was added to
each of the well and then the plates were
incubated at 37 °C for 30 min. After incubation,
the plates were rinsed again with washing buffer.

Test samples

Each of the sample was diluted in PBS (1:1000).
The diluted serum was further diluted using serial
dilution in ELISA plate. 125 pL of the PBS diluted
sample was added in to the first row of the plate.
Then 100 pL of PBS added in 2nd, 3rd and 4th
row. From the first row 25 yL was added in the
second row and from 2nd in 3rd and from 3rd in
4th. 25 pL was discarded from the last row.
Plates were incubated for 1 hr at room
temperature and thereafter washed three times
with wash buffer at room temperature.

Detection

One tablet of alkaline phosphate (Sigma, Aldrich)
substrate was added to 5 mL of alkaline
phosphate buffer and then 100 pL of the freshly
made tablet solution was added to each well at
room temperature. After 5-10 min clear yellow
color was seen. After the appearance of the
color, 100 pL of Stop solution (1 M NaOH) was
added to stop the reaction. The plate was then
placed in ELISA reader and absorbance was
measured at 405 nm. The value of absorbance
was compared between negative control, positive
control, 1 mg/kg and 5 mg/kg ketoprofen treated
groups. The value of absorbance indicated the
amount of antibody titer from each group.

Statistical analysis

Data collected was analyzed using the SPSS for
Windows version 13. One-way ANOVA and LSD

post hoc were applied to see statistical
differences between groups. Differences were
considered significant at p < 0.05.

RESULTS

There was a significant difference (p < 0.001) in
the % of spot forming cells of negative control
with positive control, 1 mg/kg ketoprofen and 5
mg/kg ketoprofen treated groups. Spot forming
cells significantly decreased (p < 0.05) in 5
mg/kg ketoprofen treated group as compared to
the negative control, positive control and 1 mg/kg
ketoprofen treated group. These results indicate
that ketoprofen significantly reduced the
individual cell’s ability to produce antibodies (Fig
1). Similar trends were seen in the succeeding
rows. There was a significant decrease in the %
of spot forming cells in ketoprofen treated groups
in 2nd and 3rd row of ELISPOT plates (Fig 2, 3).
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Figure 1: Antibody-producing cells forming black
spots (1St row); ***p < 0.001 compared with
corresponding groups *p < 0.05 compared to Negative
control
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Figure 2: Antibody-producing cells forming black
spots (2nd row); **p < 0.001 compared with
corresponding groups; *p < 0.05 compared to negative
control

There was a significant (p < 0.005) difference in
absorbance value between negative control,
positive control, ELISA control and ketoprofen
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Table 1: Effect of ketoprofen on antibody producing cells measured by ELISA at 405 nm absorbance

Dilution of Absorbance at 405 nm

sample Negative Positive Ketoprofen Ketoprofen ELISA
control control 5mg/kg 1mg/kg Control

1:1000 0.853+0.13* 1.450540.03 0.595+0.08 0.798+0.08 1.938+0.04

1:10000 0.249+0.02* 0.63750.06 0.154+40.02 0.21£0.022 1.191£0.01

1:100000 0.193+0.003* 0.25840.03 0.101+0.002 0.108+0.002 0.43140.01

1:1000000 0.129+0.001* 0.17+0.008 0.162+0.008 0.141+0.008 0.298+0.004

Data are shown as mean + S.E (n = 5); *p < 0.005 compared to positive control, assay control and 5 mg/kg

ketoprofen-treated group
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Figure 3: Antibody producing cells forming black spots
(%+S.E). *™*p < 0.001 compared with corresponding
groups; *p < 0.05 compared to negative control

treated groups. Absorbance was significantly
reduced in ketoprofen treated groups (Table 1).
There was a significant decrease in absorbance
at 5 mg/kg ketoprofen treated group. However
there was no significant difference in absorbance
between 1 mg/kg ketoprofen treated group and
negative control. All these results indicated that
the antibody titer was reduced in the ketoprofen
treated mice.

DISCUSSION

Ketoprofen inhibits cycloxygenase COX and
thereby inhibits prostaglandin synthesis [12].
Thus it produces anti-inflammatory, anti-pyretic
and analgesic effects [13]. PGE2 regulates the
immune response by inhibiting the production of
cytokines and chemokines [14]. In this study, we
analyzed the effects of ketoprofen on an
individual cell’s ability to produce antibodies and
effects of ketoprofen on antibody mediated
immune responses.

ELISPOT assay is most accurate and a widely
used assay. After therapeutic immune
modulation ELISPOT is a useful biomarker assay
for predicting clinical benefit [15]. It is used for
detecting Immune responses in human and in
other species at the single cell level. The results
of our study indicate that ketoprofen decreases
single cell’s ability to produce antibodies. There

was a significant decrease in the percentage of
spot formation in ketoprofen treated mice. The
percentage of spot formation was also reduced
when cells were diluted in 96 well ELISPOT
plates. The decrease in the percentage of spot
formation can be  attributed to the
immunosuppressive effect of ketoprofen on T
cells or a decrease in B cell’s ability to produce
IgG, IgM antibodies. The decrease in antibody
production results in a decrease in percentage of
spot forming cells. Prior to this, effects of
ketoprofen on immune modulation at the single
cell level had not been studied. It can be
assumed from our ELISPOT results that
ketoprofen has immunosuppressive effects on
individual cell’s ability to produce antibodies.

ELISA is very specific and sensitive method
comparable with those of radioimmunoassay and
has the advantage of automation. It is widely
accepted and most reliable assay for detection of
antibody mediated immune responses [8]. ELISA
was developed for the determination of 1gG with
the help of immunoadsorbant and enzyme-
labeled antigens. ELISA has an advantage of
running a large number of samples
simultaneously and also to evaluate the antigen,
antibody response [9]. ELISA is routinely used to
detect the effects of various drugs on the
immune system. Our results indicate that
ketoprofen has significantly reduced the amount
of antibodies present in serum, which is reflected
from the absorbance values.

CONCLUSION

The decrease in the ability of an individual cell to
produce antibodies and decrease in antibody titer
are considered to be due to immunosuppressive
effects of ketoprofen on antibody producing cells.
This indicates that ketoprofen treatment has
immunosuppressive effects on immune cells,thus
suggesting its potential usefulness in the
treatment of autoimmune diseases.
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