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Analgesic, antipyretic and anti-inflammatory efficacy of ketorolac in the chicks
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ABSTRACT

Now-a-days, there is a need for newly, non-addicted and effective analgesics with less side effects. Therefore,
the present study evaluated the analgesic, antipyretic and anti-inflammatory efficacy of ketorolac in 7–21 days old
broiler chicks and its possible application in the related field. The analgesic median effective dose (ED50) of
ketorolac that caused analgesia in 50% of the chicks was 9.1 mg/kg, intramuscular (IM). Ketorolac caused analgesic
and antipyretic effects at multiple doses (5, 10 and 20 mg/kg, IM) in a dose dependent manner, whereas these
percentages were significantly higher when ketorolac was injected @ 10 and 20 mg/kg, IM. All times recorded (15,
30, 60 and 120 min) for evaluating the analgesic effect of ketorolac produced analgesia while the higher and better
analgesic efficacy was observed at 15 min after ketorolac injection. The injection of ketorolac @ 20 mg/kg, IM
exerted anti-inflammatory activity by significantly reducing the right paw thickness of the chicks as a result of
formaldehyde injection in comparison to control. There was no liver damage, impaired metabolism and function
may be attributed to the ketorolac treatment in the chicks which was evaluated through estimation of serum AST
and ALT concentrations. The study suggests the benefit of using ketorolac as an analgesic, antipyretic and anti-
inflammatory drug in the field of veterinary medicine due to its good, reliable and efficient efficacy.
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Ketorolac is considered as one of the most famous agents
that belongs to the first generation of the non-steroidal anti-
inflammatory Drugs (NSAIDs) which have a therapeutic
benefit for preventing nociception thus producing analgesia
as well as its effect on lowering the pyresis and its anti-
inflammatory action (Resman-Targoff 1990, Finkel et al.
2009, Smyth and FitzGerald 2009, Hilal-Dandan and
Brunton 2014, Soleimanpour et al. 2016). Ketorolac’s action
in the body are achieved by the reversible non-selective
inhibition of the cyclooxygenase (COX) (COX1 and COX2
isoform) enzyme, thus interrupting arachidonic acid from
converting to prostaglandins and relieving the pain, fever
and inflammation produced (Botting 2006, Finkel et al.
2009, Smyth and Fitz Gerald 2009, Hilal-Dandan and
Brunton 2014). Ketorolac benefits as peripheral analgesics
to manage moderate to severe pain and have few side effects
only and considered a good approved, effective parenteral
drug, cheaper and economic analgesics unlike other central
opioids analgesic like tramadol and morphine which causes
a serious side effects like respiratory depression and drug
abuse (Jelinek 2000, Ollé et al. 2000, Rainer et al. 2000,
Shankariah et al. 2012, Hendarman et al. 2014). The
ketorolac’s effect on non-opioid receptors lessens the risk
of potentially additive side effects such as hemodynamic

changes, central nervous system changes, or respiratory
depression (Shankariah et al. 2012, Rai and Kiran 2013).
Ketorolac is useful for the postoperative nociceptive cure
due to both pain and inflammation caused by surgery while
opioids, in contrast, do not provide anti-inflammatory
activity in this setting and have also a narrow therapeutic
index (O’Hanlon et al. 1996, Macario and Lipman 2001,
Gupta et al. 2001).

The previous studies on ketorolac did not deal with the
benefit of using it as a first choice drug for relieving pain,
fever and inflammation in the chicken and other animals.
The goal of this study was to evaluate the analgesic,
antipyretic and anti-inflammatory actions of ketorolac for
the first time in chicken species and its possible applicability
in the related field.

MATERIALS AND METHODS

Animals: Broiler chicks (Ross species) 7–21 days old
weighing between 48–125 g were used in this study. They
were kept in cages at a constant temperature of 32–35°C
with continuous lighting and the litter consisted of wood
shavings. The chicks had free access to drinking water and
feed ad lib. Ketorolac (3% as ketorolac, Normon, Spain)
was diluted in physiological normal saline to prepare the
doses at a volume of injection of 5 ml/kg body weight, IM.

Ethics: Ethical considerations related to this study were
approved by the scientific committee of the College of
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Veterinary Medicine, University of Mosul and all necessary
procedures were applied regarding the euthanasia of the
chicks at the end of all experiments.

Analgesic ED50 of ketorolac in the chicks: The ED50
value of ketorolac that causes analgesia in 50% of the chicks
was measured as the first step as per the up-and-down
method described by Dixon (1980) to extrapolate the dose
of ketorolac that would be used in this study. The initial
dose of ketorolac was chosen to be 10 mg/kg, IM depending
on a preliminary study with an increase or decrease in the
dose that is about 30% of the initial dose (3 mg represented
as d). Ketorolac’s antinociceptive effect was measured by
the use of an electrostimulator apparatus (Scientific and
Research Ltd., United Kingdom) for induction of
nociception through its electrostimulation in the chicks
(Mousa and Mohammad 2012, Mousa 2014, Mousa and
Al-Zubaidy 2019). The distress call in the chicks due to
pain stimulation was recorded as voltage for each chick in
the experiment before and after 15 min of ketorolac injection
(Mousa and Mohammad 2012, Mousa 2014, Mousa and
Al-Zubaidy 2019). Ketorolac was considered having an
antinociceptive effect if the measured voltage after injection
increased in comparison to the voltage recorded before
ketorolac injection (chick marked as X), if not the chick
was marked as O. Table value (K) was obtained from
Dixon’s table depending on X–O consequences (which last
for 3 recorded chicks after changing of the effect) and ED50
value was measured according to the following equation:

ED50 = xf + Kd (xf, last dose used in the experiment)
Analgesic effect of multiple doses of ketorolac in the

chicks: According to the ED50 value (9.1 mg/kg, IM)
measured in the previous experiment, three groups (6
chicks/group) were treated with multiple doses of ketorolac
@ 5, 10, 20 mg/kg, IM (which represented ED25, ED50 and
ED100 of ketorolac, respectively) for examining the dose
dependency. The voltage (volt) induced by electro-
stimulation for each chick was recorded before and after
15 min of ketorolac injection. Later, the percentage of
analgesia occurred in each group of the chicks in addition
to the delta voltage (the difference between voltage before
and after injection of ketorolac) were also recorded.

Analgesia of ketorolac at different times in the chicks:
Ketorolac was injected @ 20 mg/kg, IM which represented
the dose that causes analgesia in 100% of the chicks (ED100)
and the voltage was obtained from one group of 6 chicks.
The voltage for every individual chick was recorded before
and after 15, 30, 60 and 120 min of ketorolac treatment to
measure the change in the efficacy of ketorolac analgesia
at different times after injection.

Antipyretic effect of multiple doses of ketorolac in the
chicks: The antipyretic effect of ketorolac was recorded by
using the digital thermometer for obtaining the temperature
via the rectum. Three groups (6 chicks/each) were treated
with 5, 10 and 20 mg/kg, IM of ketorolac. The temperature
for each chick was recorded before and after 30 min of
ketorolac injection and the delta change in temperature for
each chick was measured at acquisition.

Anti-inflammatory effect of ketorolac in the chicks: Two
groups (6 chicks/group) namely control (normal saline
injection) and treated (ketorolac injection) were selected.
Ketorolac was injected @ 20 mg/kg, 30 min prior to 0.05
ml (1%) formaldehyde injection (May & Baker Ltd,
Dagenham, UK) in the right paw for inducing inflammation
(Sufka et al. 2001). The right paw thickness was measured
with the digital caliber in millimeter (mm) both before and
after 60 min of formaldehyde injection. The delta change
in paw thickness, which reveals the inflammation (Collin
et al. 2001, Sondhi et al. 2009) caused by ketorolac for
both groups of chicks was measured and its alteration
percentage was recorded regarding the anti-inflammatory
action of ketorolac.

Measurement of the liver function as indicated by serum
alanine transaminase (ALT) and aspartate transaminase
(AST): After 2 h of ketorolac injection @ 20 mg/kg IM, the
blood samples were obtained from the jugular vein from
both the control (normal saline injection) and treated chicks
with ketorolac (6 chicks/group). Serum ALT (Reitman and
Frankel 1957) and serum AST (Plummer 1987) levels
(expressed in IU/L) were obtained using the specified kit
(BIOLABO SA, France) by using the spectrophotometric
analysis at 505 nm.

Statistical analysis: Parametric data for more than three
groups were statistically analyzed by one way analysis of
variance, and then submitted to the least significant
difference while paired and unpaired student T-test was used
to compare the means of two parametric groups (Petrie and
Watson 1999, Katz 1999). On the other hand, Fisher exact
probability test and Mann-Whitney U-test were applied to
the non-parametric data of the two groups (Runyon 1977,
Katz 1999). The level of significance was at P<0.05.

RESULTS AND DISCUSSION

Analgesic ED50 of ketorolac in the chicks: The dose of
ketorolac that caused analgesia in 50% of the chicks (ED50)
was 9.1 mg/kg, IM (Table 1) conducted in the chicks for
the first time. The analgesic ED50 value of ketorolac was
near the value reported in the rat model (Javier Lopez-
Munoz et al. 2004, Medina-Santillan et al. 2004).

Analgesic effect of multiple doses of ketorolac in the
chicks: Analgesic percentages of ketorolac injection @ 10
and 20 mg/kg, IM were significantly different from the
group of chicks that received 5 mg/kg, IM of ketorolac
(Table 2). The voltage recorded after 15 min of ketorolac
injection for all the above mentioned groups was
significantly different from the voltage recorded before
injection which means that ketorolac causes analgesia at
different doses. Meanwhile, the doses of ketorolac @ 10
and 20 mg/kg, IM had more analgesic efficacy and differed
significantly from the ketorolac dose @ 5 mg/kg, IM based
on the voltage after 15 min of ketorolac injection in addition
to the delta voltage estimated. Ketorolac produced analgesic
and antipyretic effects in a dose dependent when injected
at different multiple doses (5, 10 and 20 mg/kg, IM) which
represented its ED25, ED50 and ED100 respectively, which
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is in accordance with previous studies (Vargas et al. 1994,
Soleimanpour et al. 2016). The findings reveal that the better
and higher analgesic effect of ketorolac was at 15 min after
injection of 20 mg/kg, IM in the chicks which may be due
to the higher dose injected of ketorolac and its parenteral
route which reaches the blood circulation faster and exert
its effect (Smyth and Fitz Gerald 2009, Hilal-Dandan and
Brunton 2014).

Analgesia of ketorolac at different times in the chicks:
Ketorolac analgesic efficacy increased significantly through
times estimated at 15, 30, 60 and 120 min after ketorolac
injection @ 20 mg/kg, IM (Table 3). All times recorded
produces analgesia while the higher and better analgesic
efficacy was at 15 min after ketorolac injection.

Antipyretic effect of multiple doses of ketorolac in the
chicks: Ketorolac treatment at doses of 5, 10 and 20 mg/
kg, IM produces antipyretic efficacy in a dose dependent
manner which was significant at doses 10 and 20 mg/kg,
IM. The delta temperature (temperature difference before
and after injection of ketorolac) was higher at a dose of 20
mg/kg, IM (Table 4). Ketorolac produces analgesia,
antipyretic and anti-inflammatory effect because it belongs
to the agents of the first generation of NSAIDs (Finkel et
al. 2009, Smyth and Fitz Gerald 2009, Hilal-Dandan and
Brunton 2014, Soleimanpour et al. 2016) by reversible non-
selective inhibition of the enzyme cyclo-oxygenases,
therefore preventing arachidonic acid from converting to
prostaglandins and relieving the pain, fever and

inflammation elicited (Botting 2006, Finkel et al. 2009,
Smyth and Fitz Gerald 2009, Hilal-Dandan and Brunton
2014).

Anti-inflammatory effect of ketorolac in the chicks: Anti-
inflammatory effect due to ketorolac injection @ 20 mg/
kg, IM increased in the treated group evidenced by
significant decrease in the paw thickness in comparison to
the control group. Ketorolac anti-inflammatory effect was
elevated by 62% in the treated group as well as, there was
a significant decrease in the delta change in paw thickness
of the treated group in comparison to control group of the
chicks (Table 5). In this study, the efficacy of ketorolac
was measured using the formalin test. The injection of
ketorolac exerts anti-inflammatory activity by reducing the
right paw thickness of the chicks as a result of formaldehyde
injection. The mechanism by which ketorolac reduce
inflammation  is thought to be the stimulation of the L-
arginine/nitric oxide/cGMP pathway as well as reducing
the production of inflammatory prostaglandin within the
body (Alves and Duarte 2002, Alves et al. 2004).

Liver function in the chicks estimated through ALT and
AST levels: Ketorolac (20 mg/kg, IM) in the treated groups
did not significantly alter the concentrations of both serum
AST and ALT levels compared control group of the chicks
that injected with physiological normal saline (Table 6).

Table 1. Analgesic ED50 value of ketorolac
in the chicks

Parameter  Results

Range of the doses 7–13 mg
Initial dose used 10 mg/kg
Last dose used (xf) 10 mg/kg
Number of chicks 5 (XOOXX)
K (The table value) (Dixon 1980) – 0.305
±in doses (d) 3 mg
ED50 = xf + Kd 9.1 mg/kg, IM

X, effect (antinociception); O, no effect (nociception).

Table 2. Analgesic effect of ketorolac in the chicks for multiple
doses (Mean±SE)

Ketorolac Analgesia Voltage (volt) Voltage (volt) Delta
mg/kg, IM % before after 15 min voltage

injection of injection

5 83.33 6.67±0.21 8.83±0.65a 2.17±0.60
10 100* 6.17±0.31 11.83±0.79*a 5.67±0.84*

20 100* 5.83±0.31 13.33±0.49*a 7.50±0.67*

Electrostimulation for pain induction was recorded before and
after 15 min. of ketorolac injection. *Significantly different from
ketorolac 5 mg/kg, IM at P<0.05. +Significantly different from
the ketorolac 10 mg/kg, IM at P<0.05. aSignificantly different
from voltage before injection of ketorolac in the same group at
P<0.05

Table 3. Analgesic effect of ketorolac in the chicks at different
times (Mean±SE)

Voltage Voltage Voltage Voltage Voltage
before after 15 min after 30 min after 60 min after 120 min
injection of injection  of injection  of injection  of injection
(V) (V)  (V) (V) (V)

5.83±0.31 14.00± 11.17± 9.00± 7.50±
0.45* 0.3*a 0.68*a,b 0.34*a,b,c

Values represent Mean±SE for 6 chicks/group. Pain–induced
by electrostimulation was recorded before and after 15, 30 and
60 min. of ketorolac injection at 20 mg/kg, IM. *Significantly
different from voltage before injection of ketorolac at P<0.05.
aSignificantly different from voltage after 15 min of ketorolac
injection at P<0.05. bSignificantly different from voltage after 30
min of ketorolac injection at P<0.05. c,bSignificantly different from
voltage after 60 min. of ketorolac injection at P<0.05.

Table 4. Antipyretic effect of ketorolac in the chicks

Ketorolac Temperature (°C) Temperature (°C) Delta
mg/kg, IM before injection after injection temperature

5 41.47±0.02 41.38±0.03 0.08±0.03
10 41.43±0.02 41.20±0.05*a 0.23±0.04*

20 41.35±0.02 40.78±0.04*+a 0.57±0.06*+

Values represent Mean±SE for 6 chicks/group. Digital
thermometer was used to measure the temperature through the
rectum before and after 30 min of ketorolac injection.
*Significantly different from the ketorolac 5 mg/kg, IM at
P<0.05. +Significantly different from the ketorolac 10 mg/kg, IM
at P<0.05. aSignificantly different from temperature before
injection of ketorolac in the same group at P<0.05.
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Table 5. Anti–inflammatory effect of ketorolac in the chicks

Group Paw thickness Paw thickness Delta change
(mm) before (mm) after in paw

injection injection thickness

Control 10.11±0.31 10.81±0.25 a 0.71±0.12
Treated 10.13±0.19 10.40±0.18 a,* 0.27±0.06 *

Anti-inflammatory action of Ketorolac = Control–Treated/
Control*100 = 62%

Values represent Mean±S.E. for 6 chicks/group. Ketorolac was
injected at 20 mg/kg, IM before 30 min. of formaldehyde injection
in the right paw. Paw thickness was calibrated with the digital
caliber before and after 60 min. of 0.05 ml (1%) formaldehyde
injection in the right paw of the chicks. *Significantly different
from the control group at P<0.05. aSignificantly different from
paw thickness (mm) before injection of ketorolac in the same
group at P<0.05

Table 6. Effect of ketorolac on serum ALT and AST levels in
the chicks

Group ALT (IU/L) AST (IU/L)

Control (Normal saline) 23.33±1.17 69.00±2.27
Treated (Ketorolac) 27.83±1.90 75.17±2.93

Values represented Mean±S.E. for 6 chicks/group. Blood
samples were collected after 2 h of normal saline or ketorolac
injection at 20 mg/kg, IM.

There was no liver damage, and impaired metabolism and
function may be attributed to the ketorolac treatment in the
chicks which is in accordance with another study in the
animals (Aly 2015).

The study suggests the benefit of using ketorolac as an
analgesic, antipyretic and anti-inflammatory drug in the
field of veterinary medicine due to its good, reliable and
efficient efficacy.
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