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Summary

The purpose of the research consisted of assessing the modification produced by hydrogen peroxide
(H,0,)-induced oxidative stress (OS) on the ketorolac therapeutic effects in the chickens which are
the analgesic, antipyretic, and anti-inflammatory. A significant decrease in the total antioxidant capacity
(T-AOC) and subsequent occurrence of OS was observed in the stressed (H,0,) group on days 7%, 10%,
and 14" by 39, 29, and 41%, respectively in comparison to the control (non-stressed) group. The analgesic
effect of ketorolac in the stressed group had more intense in comparison to the non-stressed group,
the analgesic effectiveness of ketorolac raised by 16% in that group. In the non-stressed and stressed groups,
ketorolac produces its antipyretic effect at 3 and 4 hours after fever induction by baker’s yeast while
it shows the effect significantly at 1, 2, and 4 hours. Furthermore, ketorolac has the superiority of antipyretic
action in stressed group over the non-stressed group. Ketorolac carries out anti-inflammatory activity
in the stressed and non-stressed groups by 61 and 75%, respectively. Ketorolac has a significant anti-
inflammatory property in the stressed group through a significant decrease in the delta thickness compared
to the non-stressed group. The stressed group was treated with ketorolac for five consecutive days signifi-
cantly affect the kidney and liver function concerning the non-stressed group. The net findings proposed
the ability of H,0,-induced OS to alter ketorolac’s analgesic, antipyretic, and anti-inflammatory properties
in the chickens thus, it is recommended to reduce the dose of ketorolac intended to be given to stressed
animals involved.
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Introduction

Ketorolac belongs to the most famous drugs of the non-steroidal anti-inflammatory drugs (NSAIDs) which has
a therapeutic benefit for preventing pain thus producing analgesia as well as its effect on lowering the fever and pre-
venting inflammation (1, 2). Ketorolac pharmacological action was achieved through its ability to reduce both types
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of cyclooxygenases (COX) (which is COX, and COX,) by the non-selective mechanism, thus blocking the conversion
of arachidonic acid to prostaglandins inflammatory mediator leading to diminishing of the pain, fever, and inflam-
mation, (1, 3). Ketorolac is considered an excellent analgesic drug used to relieve moderate and severe pain with some
degree of adverse effects therefore, it is considered an exceptional, cheaper, and more effective drug rather than
the centrally acting opioids, (like morphine) (3). The opioids causes a seriously adverse effects which include
respiratory depression and addiction for example (3). Ketorolac produces less deleterious adverse effects involved
like the respiratory depression, hemodynamic, and central effects which makes it of benefit for post-operative pain
treatment (4). Stressful agents like using chemical (e.g. H,O,) stressors were documented to alter the therapeutic
effects of the drugs (5). H,0, was formerly identified to modify diazepam (6) and xylazine (7, 8) sedation with altering
of anesthesia induced by ketamine in the chickens and causes seriously toxic effects in the laboratory animals (9).
Besides the modifying of the of xylazine and diazepam pharmacological responses (10). H,O, is known to induce OS
by elevating the reactive oxygen species (ROS) thus rises the free radicals contents leading to interactions and altering
the physiological functions of the viable cellular constituents particularly the proteins (i.e. receptors) accountable
for pharmacodynamic interaction as well its ability to destruct the plasma proteins binding and cytochrome P,
enzymes (11-13) responsible for pharmacokinetic alterations of the drugs used. Other more reasons assumed
to the damaging pattern of the viable blood-brain barrier (BBB) leading to changes of the free drug concentration
inside the central nervous system (CNS) (11-13).

The purpose of this study consisted of assessing the alteration due to H,0,-induced OS status on the ketorolac
therapeutic effects which were the analgesic, antipyretic, and anti-inflammatory in the chicks model.

Materials and methods
Animals and drug preparation

Broiler Ross chicks of both sexes were used at 7-14 day-olds in all the experiments provided by a local hatchery.
Their bodyweights were between 73-122 g and kept at 29-36°C of temperature with continuous lighting. The animals
had free access to water and food rations ad libitum. Ketorolac (3% ketorolac trometamol, Spain) was prepared
with a 0.9% sodium chloride intended to be administered parenterally by intramuscular (IM) route of injection.

Induction of OS by using of H,0, as a stressor agent

At one-day-old chicks, the animals (36 total chicks) were separated randomly to the control (H,O) group which
were supplied the tap water while the cluster of the chicks (stressed group) were given a daily 0.5% of H,0, (Scharlau,
Spain) in drinking water (7, 8, 10). On days 7", 10", and 14" of the chicks, they were undergoing blood collection
(6 chicks per group in each estimated day) to acquire the plasma using heparin (1:10 v/v). Plasma was then measured
by a specific kit (Solarbio, China) for determining the total antioxidant capacity (T-AOC) (Catalog No. BC1310)
for both the stressed and non-stressed groups of chickens (14). The age of OS occurrence in the chickens then is
selected in the next experiments of this study.

Assessing the analgesic median effective dose (EDy) of ketorolac in the stressed and non-stressed groups

First of all, the ketorolac analgesic EDs, was estimated by using the up-and-down method (15) applied to the
stressed and non-stressed groups to select the ketorolac dosage to be applied for the subsequent experiments. In
this method, the first dose of ketorolac was given at 13 mg/kg, IM (16) to both groups, and then by increasing and
decreasing the dose by 3 mg/kg. Ketorolac analgesia was measured by using the electro-stimulator apparatus
(Harvard, USA) as a pain inducer (10, 16). Thirty minutes after ketorolac administration, the distress call generated
because of pain sensation was recorded as a voltage for each chick separately. At that point, ketorolac was considered
to have analgesia when the voltage increased at post-injection record compared to the voltage recorded pre-injection
and designated as X symbol and the O symbol denotes for lacking analgesia. The below equation was used to assess
the impact of the H,O,- induced OS on the ketorolac's EDs, (17):

% effects of OS on ketorolac's ED5,= EDs, of non-stressed group - EDs, of stressed group / EDs, of non-stressed
group x 100.
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Estimating of the ketorolac analgesia in the stressed and non-stressed groups

According to the ED;, of ketorolac measured above, two groups (6 chicks/group) were treated with 14 mg/kg,
IM (that represented the ED,,, of ketorolac) for examining the analgesia in both of the stressed and non-stressed
groups of chickens. The voltage (volt) induced by electro-stimulation for each chicken was recorded before
and after 30 minutes of ketorolac injection. Later, the percentage of analgesia in each group of chickens in addition
to the delta voltage was also recorded (7, 16, 18, 19).

Measuring the antipyretic effects of ketorolac in the stressed and non-stressed groups

The antipyretic effect of ketorolac was assessed and recorded by injecting the baker’s yeast at 135 mg/kg,
IP (20) for induction of fever in the experimental chicks. Both stressed and non-stressed groups (6 chickens/group)
were treated with 14 mg/kg, IM of ketorolac. The temperature was recorded before and after 1, 2, 3, and 4 hours
by using the digital thermometer inserted via the rectum.

Estimating the anti-inflammatory effects of ketorolac in the stressed and non-stressed groups

Two groups (6 chicks/group) of the stressed and non-stressed groups have been selected. Ketorolac was
injected at 14 mg/kg, IM 30 min before formaldehyde injection (0.05 ml of 0.1%) in the right paw (May and
Baker, UK) for induction of inflammation (21). At that time, measuring the right paw thickness with a digital
caliper (vernia) in millimeters (mm) pre and post-60 min. of formaldehyde injection.

Finally, the delta-thickness of the injected paw will reveal the inflammation occurrence (22) was measured
and its alteration in percentages was recorded to elucidate the anti-inflammatory action of ketorolac in both
the stressed and non-stressed groups of chickens.

Measurement of the kidney and liver function in the stressed and non-stressed groups after treatment
with ketorolac for five consecutive days

Both the stressed and non-stressed groups of chicks were treated with ketorolac (14 mg/kg, IM) for five
consecutive days. After that, the blood was taken from the jugular vein of the two groups of chicks (6 chicks/group)
for estimating the kidney function (creatinine and uric acid) in addition to liver function (alkaline phosphatase)
in the serum which were all determined with the specified kit (23).

Statistical analysis

The analysis of parametric data of two groups was conducted by using the paired and unpaired student T-test
for comparing the means. The one-way analysis of variance test was applied to relate the means of three groups
of chicks (24). The level was considered significantly different when p less than 0.05.

Results
Induction of OS with H,0, in the chicks

Figure 1 shows there is a significant decrease in the total antioxidant capacity and subsequent occurrence
of OS in the stressed group of chicks at days 7", 10", and 14" of treatment with H,0O, by 39, 29, and 41%,
respectively in comparison to the non-stressed group.

Ketorolac analgesic ED, in the stressed and non-stressed groups
Ketorolac analgesia was elevated in the stressed chicks by assessing the analgesic EDj, of ketorolac (Table 1).

The ketorolac EDs in the non-stressed group was measured to be 7.79 mg/kg, IM and it reduced by 16% in the stressed
group of chicks to became 6.58 mg/kg, IM.
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Figure 1. Total antioxidant capacity (T-AOC) in the stressed and non-stressed chickens. Non-stressed group was supplied

by the tab water and stressed group was given 0.5% H,0, (from 1% to 14™ day-old of chicks’ age)
* significantly different in comparison to the non-stressed group (p < 0.05)

Table 1. ED;, ketorolac analgesia in the stressed and non-stressed chicks.

Variable cliois

Non-stressed Stressed
EDg, 7.79 mg/kg, IM 6.58 mg/kg, IM
Range of the doses used 13-7=6 mg/kg 13-4=9 mg/kg
The first dose used 13 mg/kg 13 mg/kg
The final dose used 10 mg/kg 4 mg/kg
+in the doses 3mg/kg 3mg/kg
Chickens used 6 (XXOXOX)* 6 (XXOXXO)*

OS effect on ketorolac analgesic EDs,= non-stressed - stressed / non-stressed x100 = 16%

Non-stressed group was supplied by the tab water and stressed group was given 0.5% H,O, (from 1¥'to 14" day-old of chicks’ age).
*X symbol was the analgesia while the O symbol indicated no analgesia.

The analgesic effects of ketorolac in the stressed and non-stressed groups of chicks

The analgesic percentages of ketorolac in the H,O and stressed groups were similar in the chickens while
ketorolac treatment in the stressed group had a more potent analgesic effect in comparison to the non-stressed group

regarding the post voltage of analgesia measured beside the difference in delta voltage between the two groups
of chickens (Table 2).

Table 2. The analgesic effects of ketorolac in the stressed and non-stressed chicks.

Parameters Non-stressed Stressed
Analgesia (%) 100 (6/6) 100 (6/6)
Pre-voltage 10.00 £ 0.26 9.67 £0.49
Post-voltage 11.67+£0.33 % 12.50+0.67 *
Delta voltage 1.67£0.33 2.33+0.21

Numbers represented as Mean + SE (6 chicks/group).

Non-stressed group was supplied by the tab water and stressed group was given 0.5% H,0, (from 1% to 14" day-old of chicks’ age).
Ketorolac was given at 14 mg/kg, IM and voltage recorded pre and 30 minutes post-ketorolac treatment.

“significantly different in comparison to the non-stressed group (p < 0.05).

# significantly different in comparison to the pre-voltage (at the same group) (p < 0.05).
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The antipyretic effects of ketorolac in the stressed and non-stressed groups of chicks

Table 3 shows that ketorolac injection at 14 mg/kg, IM significantly reduces the body temperature after 3 and
4 hours of baker’s yeast induction for both the stressed and non-stressed chicks. Ketorolac antipyretic efficacy was
greater in the stressed group at 1, 2, and 4 hours after its induction by baker’s yeast compared to the non-stressed chicks.

Table 3. Ketorolac antipyretic effect in the stressed and non-stressed chicks.

Parameters Non-stressed Stressed
Pre-temperature 40.67 £0.13 40.22 £ 0.25
Post-temperature (1h) 40.72+£0.17 39.58 £ 0.54 *
Post-temperature (2h) 40.72+£0.16 39.88+0.36 *
Post-temperature (3h) 39.55+0.43 " 39.15+0.26 *
Post-temperature (4h) 39.12+0.44" 38.43£0.20 **

Numbers represented as Mean + SE (6 chicks/group).

Non-stressed group was supplied by the tab water and stressed group was given 0.5% H,O, (from 1% to 14" day-old of chicks’ age).
Ketorolac was given at 14 mg/kg, IM and temperature recorded by using the digital thermometer.

* significantly different from the non-stressed group (p < 0.05).

# significantly different from the pre-temperature at the same group (p < 0.05).

The anti-inflammatory effects of ketorolac in the stressed and non-stressed chickens

Table 4 illustrates that ketorolac exerts its anti-inflammatory activity in the stressed and non-stressed groups
by 61 and 75%, respectively. Ketorolac has a significant anti-inflammatory property in stressed group through
a significant decrease in the delta thickness compared to non-stressed chicks.

Table 4. Ketorolac anti-inflammatory effect in stressed and non-stressed chicks.

Non-stressed group Stressed group
Parameters
Formaldehyde (+ve control) Ketorolac Formaldehyde (+ve control) Ketorolac
Anti-inflammatory effect (%) - 61 - 75
Pre-thickness 8.65+0.18 8.33+0.12 8.75+0.40 9.33+0.15
Post-thickness 9.28 £ 0.16" 8.50+0.11 9.52 +0.33% 9.48 +£0.13"*
Delta thickness 64 +0.13 0.30 £ 0.04* 0.77 £0.08 0.16 £ 0.03**

Numbers represented as Mean + SE (6 chicks/group).

Non-stressed group was supplied by the tab water and stressed group was given 0.5% H,O, (from 1* to 14" day-old of chicks’ age).
Ketorolac was injected at 14 mg/kg, IM 30 min before formaldehyde injection (0.05 ml of 0.1%) in the right paw.

* significant different in relation to the +ve control (at the same cluster) (p < 0.05).

# significantly different from pre-thickness in the same group (p < 0.05).

* significant different in relation to respective +ve control group (p < 0.05).

Measurement of kidney and liver function in the stressed and non-stressed chickens

Table 5 shows that both kidney function (creatinine and uric acid) and liver function (alkaline phosphatase) concen-
trations, of stressed groups of chickens that were treated with ketorolac for five consecutive days, have a significant
elevation in their concentrations compared to the non-stressed chicks.

Table 5. Kidney and liver function in the stressed and non-stressed chickens after treatment with ketorolac for five consecutive days.

Variables Non-stressed group Stressed group
Creatinine (mg/dl) 1.22+0.18 3.28 £0.74*

Uric acid (mg/dl) 70.37 £7.45 90.54 + 2.26*
Alkaline phosphatase (IU/100 ml) 111.17 £1.02 116.62 + 1.24*

Numbers represented as Mean + SE (6 chicks/group).

Non-stressed group was supplied by the tab water and stressed group was given 0.5% H,O, (from 1% to 14" day-old of chicks’ age).
Ketorolac injected at 14 mg/kg, IM for five consecutive days.

* significant different compared to the non-stressed group (p < 0.05).

251



Abdulah, Mousa: Oxidative stress alters the therapeutic effects of ketorolac in the chicks model

Discussion

The aim of the present study consisted of determining the alteration and impact of H,0,-induced OS on ketorolac
therapeutic effects which were the analgesic, antipyretic, and anti-inflammatory in the chickens. The use of chickens
as a research model has become prevalent throughout the history of biology and pharmacology. Research on analgesia,
anesthesia, neurobehavior, and toxicity has extensively used chicks as a laboratory model (25, 26). The study used
H,0, for induction of OS status and for simulation of the abnormal and diseased condition because it is well known
that the disease itself, in some conditions, will induce a status of stress. In a manner of speaking, stress will be induced
by physical (like heat), chemical (i.e., H,O, used in our study), and miscellancous agents (including some diseased
conditions, especially if they affect the body metabolism) (27). Ketorolac is considered one of the most used agents
that belong to the NSAIDs which have a therapeutic benefits for preventing pain, fever, and inflammation (1, 2).
The mechanism of action of ketorolac was achieved through the reduction of both types of COX (COX, and COX,)
by a non-selective mechanism, thus blocking the conversion of arachidonic acid to prostaglandins (a vital autacoid
mediator responsible for pain, fever, and inflammation produced) (1, 3). This experimental study used H,O,
for the induction of OS because it is a well-known stressor belongs to chemical oxidants which is used for experi-
mentally inducing OS in laboratory animals (5). To detect OS status in the chickens, the total antioxidant capacity
(T-AOC) is used which considered a beneficial indicator for inspecting the OS occurrence (28, 29) and used to specify
on which day of treatment with H,O, was OS occur. Based on these days explored, the next subsequent experiments
are conducted. The reasons assumed for the amplification in the ketorolac actions denoted the H,O, capability to induce
OS by increasing Reactive oxygen species; therefore rise of free radicals production that cooperates and modifies
the physiological functions of the cellular vital constituents particularly the receptor which composed of protein
(like COX target receptor) that elaborate in drug pharmacodynamics as a result, the destruction of the receptors
will cause an increase in the binding sites on the receptors as a physiological defense mechanism, which leads
to an increase in the therapeutic effects of the drugs (9, 27). H,O, can destruct of the cytochrome P,s, enzymatic
system, reduced the elimination of the ketorolac by interfering metabolism and rising the ketorolac plasma concen-
tration. Consequently, the destruction anticipated to the particular ketorolac protein binding sites on the plasma
proteins (albumins) due to ketorolac is broadly bound > 99% to the plasma albumins and having a low distribution
volume to the target site of achievement in contrast to those of other NSAIDs (11-13, 25). All of these reasons
assumed can anticipated and responsible for the alteration of ketorolac’s therapeutic effects. The kidney and liver
functions indicated through the estimation of the levels of creatinine, uric acid, and alkaline phosphatase examined
in the non-stressed group of chicks are considered within the normal ranges of chicken criteria (9) while they increased
significantly in the stressed group of chicks due to the direct affection of the reactive oxygen species produced
by the OS, which causes the destruction of the vital cellular components and impairs the functions of the kidney
and liver (11-13).

Conclusion

The net findings of this study proposed the ability of H,O,-induced OS to alter ketorolac’s analgesia, antipyresis,
and anti-inflammation for the chickens therefore, it is recommended to reduce the dose of ketorolac intended to be
given to the stressed animals in medical practice.
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