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Abstract

The study aimed to investigate the analgesic as well as anti-inflammatory effects of
diclofenac and silymarin in chicks. The up and down procedure was used to assess the
effective median analgesic dosages (EDsgs) of diclofenac and silymarin administered
intraperitoneally either alone or at the same time in chicks. Also, Analgesic and anti-
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values reduced their EDsps to 2.3:18.6 mg/kg and 2.2:16.5 mg/kg separately. EDsos
isobolographic analysis showed synergistic analgesic effects of both drugs. Additionally,
coadministration of both drugs had effective analgesic and anti-inflammatory effect, as
seen by formalin test, led to a significant rise in latency to lift right foot beside a
significant decline in foot lifting frequency when compared with control value, the anti-
inflammatory reaction was demonstrated by a significant decrease in foot thickness
compared to control value. In conclusion, the data indicate that diclofenac and silymarin
coadministration controls acute pain synergistically, and suppress inflammatory reaction.
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Introduction preventive or therapeutic agents has become a promising
approach for inflammation-associated disease

In recent years, multimodal analgesia and anti- chemoprevention (3).

inflammatory techniques have been suggested, combining
additive and synergistic effects of multiple analgesics and
anti-inflammatory effects with fewer adverse effects and
offering more effective properties. Diclofenac sodium is a
Non-Steroidal Anti-Inflammatory Drug (NSAID), with an
average relative inhibition cyclooxygenase 1 and 2 (1).
Diclofenac has serious pathological effects such as stomach
ulceration, GIT bleeding, liver toxicity, kidney papillary
necrosis as well as kidney failure on uses for long periods
(2). Recently, use of natural compounds, including those
extracted from vegetables, fruits, and herbs, as powerful
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Silymarin is a mixture of flavolignans resulting from
ripe seed of medicinal herb Silybum marianum; containing
primarily silybinin A and B, isosilybinin, silychristin,
silydianin, and taxifolin, the word silymarin generally
includes dihydroflavonol taxifolin and flavolignans
(silybinin, isosilybinin, and taxifolin), silymarin includes
antioxidants, anti-inflammatory, antifibrotic, antiviral
agents as well as immunomodulatory characteristics (4).

According to our research, no studies found to explain
the analgesic efficacy and anti-inflammatory effect of
diclofenac and silymarin coadministration in chicks model,
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for this reason, the object of our study to evaluate the
analgesic and anti-inflammatory activity of diclofenac and
silymarin in chicks.

Materials and methods

Experimental animals

One day-old chicks were bought from a licensed
hatchery and kept until the tests were completed seven to
nine days. Chicks were placed in a room at 32-35°C,
persistent illumination, lumber sawdust was used to cover
the floor, Food and water were available all the time. All
experiments complied with lab animal use regulations and
sufficient care was given to the chicks.

The scientific board of the Department of Physiology,
Biochemistry, and Pharmacology of the Veterinary
Medicine College at the University of Mosul has appraised
and accepted the protocol of study. The required doses of
silymarin (175 mg, 21% Century HealthCare, Inc.) was
dissolved in propylene glycol (Sigma chemical CO.
99%).Diclofenac sodium (75 mg/3ml, Gulf Pharmaceutical
Industries, UAE) was additional dilute in normal saline
(Pharmaceutical Solution Industry, Saudi Arabia) to gain
the wanted concentrations of drug.

The dosage of administration for each drug was
intraperitoneally given at 5 ml/kg of body weight. At the
same time, the experimenters observed the chicks' reactions
during the tests that had been followed from 9-12 a.m.

Experiments

Up-and-down procedure (5) was used to determine the
median effective doses of silymarin and diclofenac
separately, or concomitantly  (silymarin  followed
immediately by diclofenac) for induction analgesia in
chicks.

Analgesia was assessed using an electric stimulator
(Science and Research Instruments Ltd, UK) to increase the
pain threshold after setting the frequency at 50 Hz, width at
5 ms as well as pulse amplitude at 10 volts, the electrodes
of stimulator were mildly placed under the wing in free
feather of upper chest area which wetted by water.

The chick's reaction to pain after electric stimulation
was manifested as calls distress and/or wing wiggling. Each
chick had a lowest voltage triggered aversive pain reaction
before administration diclofenac and silymarin alone or
concomitantly, after 15 min from administration drugs for
each chick, the rise or reduce in voltage causing pain
response has been calculated (6).

Generally, within two second after electrical
stimulation, the latency for positive analgesic reaction was
apparent, dose choice constructed on preliminary

experiments.

The initial dose of silymarin was at 100 mg/kg, ip while
diclofenac was at 12 mg/kg, ip. After determination of
EDsos to the silymarin and diclofenac, the combination
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experiment was done in a fixed ratio from the EDsgs. The
initial dosages of silymarin and diclofenac were 40 and 5
mg/kg, ip, respectively (0.5:0.5 of their individual EDso
values), also the initial dosages of silymarin and diclofenac
were 20 and 2.5 mg/kg, ip, respectively (0.25:0.25 of their
individual EDso values).

In order to evaluate kind of interaction engaged in
administration of silymarin and diclofenac concomitantly,
EDsos of two drugs were applied to isobolographic analysis
(7). For isobolographic analysis, a straight line was drawn
among the analgesic isoeffective doses (EDso) of silymarin
and diclofenac provided to the chicks each alone or
concomitantly. On x- as well as y-axes separately, EDso
points of silymarin and diclofenac provided alone are
described, straight diagonal line shows the additivity line
(zero interaction) at the ED50 values, and the position of
concomitantly points on left (below) and right (above) sides
of additive line shows synergistic as well as antagonistic
interactions, separately.

The da / Da + db / Db equation calculated the
interaction index. Da and Db, respectively, are the separate
silymarin and diclofenac ED50s for analgesia induction,
while da and db are their joined ED50s for analgesia
induction. An index of interaction of 1 implies additivity
(no interaction), < 1 synergism, and > 1 antagonism (8).

Thirty chicks were divided randomly into five groups of
six members, and use another anti-inflammatory analgesic
method. Chicks were initiated with pain and inflammatory
reactions through injection 0.05 ml of 0.1 percent aqueous
formalin in right foot plantar (9), left foot plantar was
injected as a control measure with a normal saline (0.05
ml).

Fifteen minute previously formalin injection, the five
chick’s groups were intraperitoneally injected with (normal
saline and propylene glycol) 5 ml/kg (control), silymarin
80mg/kg, diclofenac 10 mg/kg, silymarin + diclofenac
40+5 mg/kg respectively, and silymarin + diclofenac
20+2.5 mg/kg respectively.

Directly once formalin injection, within 3 minutes the
period to lift the right foot and the rate of lifting right foot
in response to formalin injection were recorded.
Supplementary, we evaluated anti-inflammatory result of
silymarin and diclofenac alone or concomitantly through
calculating foot thickness (mm) with digital caliber
(Electronics Lab, China) formerly and 1 hour subsequently
formalin injection. Anti-inflammatory reaction was
measured as following (percentage): Anti-inflammatory
reaction =[change in control group foot thickness - change
in thickness of foot for treatment group / change in control
group foot thickness]x100

Statistical analysis

Data are shown as mean + SEM. Statistical analysis was
carried out using a one-way analysis of variance and then
subjected to LSD test. P<0.05 was deemed significant.
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Results

As calculated by the up-and-down procedure, the EDso
values for silymarin and diclofenac were 76.6 and 9.3 mg /
kg ip, separately for analgesic induction (Table 1) and
(Table 2).

Table 1: Median effective doses (EDso) of intraperitoneally
administered silymarin for analgesic induction via the
electrostimulator test in seven to nine day-old chicks

Variable Result
EDso (mg/kg) 76.6
Dose range given (mg / kg) 100-80=20
Dose initially taken (mg / kg) 100
Dose lastly taken (mg/kg) 80
Total of chicks used 6 (Xx0x00)?
Dose-increase or decrease (mg / kg) 20 mg/kg

aX-positive analgesic response; O-no analgesic response.
The up-and-down procedure calculated the EDsq (6).

Table 2: Median effective doses of intraperitoneally
administered diclofenac for analgesic induction via the
electrostimulator test in seven to nine day-old chicks

Variable Result
EDso (mg/kg) 9.3
Dose range given (mg / kg) 12-10=2
Dose initially taken (mg / kg) 12
Dose lastly taken (mg/kg) 10
Total of chicks used 6 (Xx00xx)?
Dose-increase or decrease (mg / kg) 2 mg/kg

aX-positive analgesic response; O-no analgesic response.
The up-and-down procedure calculated the EDso (6).

The combined administration of silymarin and
diclofenac at a fixed ratio 0.5:0.5 of their EDsp values led in
EDso values of 18.6 and 2.3 mg / kg ip, respectively for
analgesic induction (Table 3). The combined administration
of silymarin and diclofenac at a fixed ratio 0.25:0.25 of
their EDsp values led in EDsg values of 16.5 and 2.2 mg / kg
ip, respectively, for analgesia induction (Table 4).

Table 3: Median effective doses of silymarin and diclofenac inducing analgesia via the electro-stimulator test in chicks at a

fixed ratio 0.5:0.5 of their individual EDsg values

Variable Silymarin with diclofenac

EDso 18.6mg/kg 2.3mg/kg
Dose range given (mg / kg) 40-10=30mg/kg 5-1.25=3.75mg/kg
Initial dose 40mg/kg 5mg/kg

Last dose 10mg/kg 1.25mg/kg
Total of chicks used 6 (xx0xx0)?

Dose-increase or decrease (mg/kg) 10 mg/kg 1.25mg/kg

Y

0.68

aX-positive analgesic response; O-no analgesic response. The up-and-down procedure calculated the EDsq (6).Y= calculated

interaction index

Table 4: Median effective doses of silymarin and diclofenac inducing analgesia via the electro-stimulator test in chicks at a

fixed ratio (0.25:0.25) of their individual EDsp values

Variable Silymarin with diclofenac

EDso 16.5 mg/kg 2.2 mg/kg
Dose range given (mg / kg) 20-20=0 mg/kg 2.5-2.5= 0 mg/kg
Initial dose 20mg/kg 2.5mg/kg
Last dose 20mg/kg 2.5 mg/kg
Total of chicks used 5 (xoxox)?

Dose-increase or decrease (mg / kg) 5 mg/kg 0.5mg/kg

Y 0.45

aX-positive analgesic response; O-no analgesic response. The up-and-down procedure calculated the EDsp (6). Y= calculated

interaction index.

Isobolographic evaluation of these EDsgs (alone or in
combination) of both drugs at a fixed ratio either 0.5:0.5 or
0.25:0.25 revealed that the combined administration of
drugs has a synergetic effect on analgesic induction in
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chicks (Figure 1 and 2) respectively. This synergistic effect
was indicated by the position of the points below the
diagonal line representing the combined analgesic EDsqs of
diclofenac and silymarin connecting their isoeffective
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analgesic doses (EDsps) given alone. Additionally, the
interaction index calculated for analgesia at fixed ratio
either 0.5:0.5 or 0.25:0.25 were 0.68 and 0.45 separately
representing a synergistic interaction among both drugs
(index<1 indicates synergism).

Usage of a unique anti-inflammatory and analgesic test,
silymarin 80mg/kg alone and diclofenac 10 mg/kg alone
induced analgesia against pain induced by injected formalin
into chick’s foot planter region. This was demonstrated by a
significant rise in latency to lift right foot as well as a
significant decline in frequency of foot lift compared to the
control value (Table 5). Combined silymarin and diclofenac
show analgesic effect at 40 and 5 mg / kg, and at 20 and 2.5
mg / kg respectively. This was shown by a significant
increase in latency to lift the right foot as well as a
significant decrease in foot lift frequency relative to control
value (Table 5). The anti-inflammatory activity of silymarin
and diclofenac alone or in combination was demonstrated
by a significant decrease of foot thickness relative to the
control value. Silymarin 80 mg /kg, diclofenac 10mg /kg,
silymarin and diclofenac at 40 and 5 mg/kg, as well as
silymarin and diclofenac at 20 and 2.5 mg/kg, showed an
anti-inflammatory activity percentage of 21.8, 51.2, 44.8,
and 30.7 respectively compared to the control group (Table
6).

Usage of a unique anti-inflammatory and analgesic test,
silymarin 80mg/kg alone and diclofenac 10 mg/kg alone
induced analgesia against pain induced by injected formalin
into chick’s foot planter region. This was demonstrated by a
significant rise in latency to lift right foot as well as a
significant decline in frequency of foot lift compared to the
control value (Table 5). Combined silymarin and diclofenac
show analgesic effect at 40 and 5 mg / kg, and at 20 and 2.5
mg / kg respectively. This was shown by a significant
increase in latency to lift the right foot as well as a
significant decrease in foot lift frequency relative to control
value (Table 5). The anti-inflammatory activity of silymarin
and diclofenac alone or in combination was demonstrated
by a significant decrease of foot thickness relative to the
control value. Silymarin 80 mg /kg, diclofenac 10mg /kg,
silymarin and diclofenac at 40 and 5 mg/kg, as well as
silymarin and diclofenac at 20 and 2.5 mg/kg, showed an
anti-inflammatory activity percentage of 21.8, 51.2, 44.8,

and 30.7 respectively compared to the control group (Table
6).
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Figure 1: Isobolographic analysis of silymarin and
diclofenac analgesic interactions in chicks.
Intraperitoneally, silymarin and diclofenac were injected.
Points on axes x and y are median analgesic doses (EDsgs,
mg / kg) of drugs administered alone, whereas the
triangular point characterizes 0.5:0.5 of EDso combinations
of both drugs. The diagonal line between both the silymarin
and diclofenac individual EDsgs is synergistic, and thus the
triangular point reveals synergistic relationship. N=5-6
chicks / each experiment with an EDsy.
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Figure 2: Isobolographic analysis of silymarin and
diclofenac analgesic interactions in chicks.
Intraperitoneally, silymarin and diclofenac were injected.
Points on axes x and y are median analgesic doses (EDsos,
mg / kg) of drugs administered alone, whereas the
triangular  point characterizes 0.25:0.25 of EDsp
combinations of both drugs. The diagonal line between both
the silymarin and diclofenac individual EDsgs is synergistic,
and thus the triangular point reveals synergistic
relationship. N=5-6 chicks / each experiment with an EDs.

Table 5: Onset of raising right foot and number of raising right foot in the chicks treated with silymarin and diclofenac alone or

in combination

Groups Onset of raising right foot (second) number of raising right foot (3min)
Control 0.86+0.052 45.67+2.52%
Silymarin 80 mg/kg 1.08+0.08% 34.67+0.76°
Diclofenac 10 mg/kg 1.41+0.20° 21.83+1.44°¢
Silymarin 40 mg/kg + Diclofenac 5 mg/kg 1.83+0.16°¢ 26.17+£1.85°
Silymarin 20 mg/kg + Diclofenac 2.5 mg/kg 1.00+0.00? 26.83+£1.99°

The values represent mean+SE for 6 chicks/group. Values of each column accompanied by various superscript letters are
significantly different at significance level of 5 percent.
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Table 6: The increase in paw thickness and the anti-inflammatory activity % in the chicks treated with silymarin and
diclofenac alone or in combination

Groups The increase in paw thickness (mm) The anti-inflammatory activity %
Control 0.78+ 0.082 0

Silymarin 80 mg/kg 0.61+0.04° 21.8

Diclofenac 10 mg/kg 0.38+ 0.03° 51.2

Silymarin 40 mg/kg + Diclofenac 5 mg/kg 0.43£0.02° 44.8

Silymarin 20 mg/kg + Diclofenac 2.5 mg/kg 0.54+0.02° 30.7

The values represent mean+SE for 6 chicks/group. Values of each column accompanied by various superscript letters are

significantly different at significance level of 5 percent.
Discussion

In our study, we observed a synergistic relationship
between diclofenac and silymarin coadministration in
relieving pain (electro-stimulation test) and reducing pain
and inflammation (formalin test) in chicks as a model.
Chicks were used as a model for pain assessment,
Holloway noted when comparing physiological responses
of nociceptors in chickens with mammals, the discharge
patterns, as well as receptive field size, are really
comparable (10). For this reason, studying the analgesic
action of pharmacological compounds in chickens can give
an analogous picture of the act of analgesics in mammals.

Determination EDsg value is a sign of the drug's action
in laboratory animals used in experiments as well as being
of great importance in the determination of doses used in
subsequent experiments. The current study explored the
potential analgesic effect for silymarin in combination with
diclofenac, while this effect has not been reported before.
The analgesic impact of combined administration of
silymarin and diclofenac was found to be synergistic as
verified by isobolographic analysis of individual, as well as
combined EDsgs of both drugs for analgesia induction at a
specified proportion 0.25:0.25 and 0.5:0.5 of their
individual EDsgs, resulting in an interaction index of <1
0.68 and 0.45 respectively.

Diclofenac is the most frequently used non-steroidal
anti-inflammatory drugs in low, medium, and high-income
countries, it is accessible over the counter in most countries,
for a long time, non-steroidal anti-inflammatory drugs were
used as effective anti-inflammatory therapeutic agents.
However, they were often associated with severe side
effects on long-term oral administration (11).

Diclofenac developed substantial analgesic effects in the
chicks, either alone or in combination with silymarin (using
an electric stimulator). Researchers have indicated multiple
mechanisms of diclofenac in reducing acute pain. In
mammals, the prolonged firing of C-fiber nociceptors leads
to glutamate release; it is presumed that is comparable in
birds, glutamate then works in the spinal cord through N-
methyl-D-aspartate receptors lead to central sensitization,
diclofenac reduces NMDA-mediated hyperalgesia in rats
through L-arginine/NO/cGMP pathway (12). Another
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researcher pointed out that diclofenac's peripheral
antinociceptive impact may result from the activation of
several types of K+ channels, which may cause
hyperpolarized of peripheral terminals of primary afferents
(13).

The experimental and clinical studies show the opioid-
related impact of diclofenac can be at least partly
accountable for the analgesia observed after diclofenac
administration; this effect can be one of the diclofenac
analgesic mechanisms with the knowledge that birds have
opioid receptors that are comparable to human receptors
(14). Also, other molecular targets of diclofenac that
contribute to its pain relief behavior, these includes:
blockage voltage-dependent sodium channel and acid-
sensing ion channel, in addition to the main
pharmacological action of NSAIDs ' analgesic are the
consequence of their capacity to inhibit cyclooxygenase
(COX) enzymes that catalyze the transformation of
arachidonic acid into prostaglandins, which cause pain,
increase temperature, and inflammation (15). All of these
mechanisms may have a role in diclofenac pain relief.

Silymarin is a polyphenolic antioxidant flavonoid
isolated from milk thistle fruits and seeds, Silybum
marianum, Clinical acute toxicity studies showed that
silymarin usually had exceptionally low toxicity and no
side effects in certain dosage range on animals and humans
(16). Malekinejad noticed that opioid receptors can mediate
the antinociceptive effect of silymarin, also the antioxidant
capacity of silymarin potentiates its antinociceptive
properties (17). Another researcher pointed out silymarin's
antinociceptive impact due to prostaglandin E2 inhibition
(pain inducers), as well as silymarin has analgesic impacts
through the histaminergic pattern (18).

The formalin test is used as an inflammatory tonic pain
model. Pain has an inflammatory component. In our
research, diclofenac has demonstrated important analgesic
and anti-inflammatory effects in chicks, alone or in
combination with silymarin (using the formalin test).
Sensory fibers respond to physicochemical stimuli that
produce mediators with both the source of tissues damage
as well as inflammation, and these inflammatory mediators
trigger or stimulate afferent nerves, transmitting neural
impulses to the spinal cord via peripheral nerves and cranial
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nerves to cranial nerve ganglia (19). Inflammation, causally
related to the release of pro-inflammatory cytokines such as
interleukin-1p (IL-1p), interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-0), and cyclooxygenase-2 (COX-2) has
been shown (20).

Prostaglandins are one of the most significant
inflammatory pain mediators; COX enzymes induce
prostaglandin during inflammation, prostaglandin E2
besides other cyclooxygenase products work synergistically
with all other mediators to induce inflammatory
nociception: while it has indirect pain-producing action,
PGE2 sensitizes receptors in the endings of afferent nerve
to bradykinin and histamine activities,cyclooxygenase
occurs in most body tissues and can be regulated with a
multitude of stimuli (21). The main impact of NSAIDs is to
inhibit cyclooxygenase, thus interfering with the ultimate
conversion of arachidonic acid into prostaglandins,
prostacyclin, and thromboxanes (16).

The formation of inflammatory mediators is inhibited
by silymarin, In particular, prostaglandins and leukotrienes
(inhibiting 5-lipoxygenase pathway) and histamine release
from basophils (22). Also, silymarin suppressed TNF-a,
blocked the IL-1p and cyclooxygenase-2 mMRNA expression
(23). Silymarin inhibited leukocyte accumulation in the
carrageenan-induced paw edema model in rats then
considerably decreased the number of neutrophils migrated
to the inflamed site (24). Our results are an agreement with
other studies; silymarin inhibits the formalin- induced
nociceptive behavior in mice and rats (25).

Conclusion

In conclusion, it is a great value in the treatment of pain
when two types of agents are combined at doses lower than
therapeutic doses. As mentioned in the introduction to the
study that diclofenac has multiple side effects, especially in
chronic use, and for this reason, it is very useful to reduce
the dose of diclofenac to decrease these side effects.
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