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No former studies are dealing with the pharmacological (pharmacodynamics and
pharmacokinetics) interaction between nefopam and tramadol in the chicks' model. The
median effective doses (EDsgs) for nefopam and tramadol produces analgesia has been
estimated each alone as 9.24 and 0.83 mg/kg, IP, respectively. The interaction concerning

Keywords: nefopam and tramadol combination was estimated by isobolographic analysis to be 2.91
ﬁggﬁ\m and 0.25 mg/kg, IP. The kind of interaction between nefopam and tramadol was

synergistic as indicated by the interaction index 0.61. The analgesic efficacy of the

Pharmacodynamics I aret . -
combination was significantly different from nefopam and tramadol administered alone.

Pharmacokinetics

Tramadol Nefopam plasma concentration 18.48 mg/kg, IP for different measured times 0.5, 1, 2, 4,
Correspondence: and 24 hours 33.25, 27.10, 15.05, 13.61, and 2.45 pg/ml while the concentration was
Y. Mousa increased once coadministered with tramadol 1.66 mg/kg, IP by 22, 26, 43, 45, and 81%

been 40.72, 34.27, 21.53, 19.76, and 4.43 pg/ml, respectively. Nefopam pharmacokinetic
profile comprised of area-under-curve (AUC), area-under-moment-curve (AUMC), mean-
residence-time (MRT), half-life (ti2g), maximal concentration (Cmax) amplified after
tramadol is coadministered with nefopam by 52, 260, 23, 15, and 22%. The elimination
constant (Kej), distribution volume (VD), clearance (CI) were diminished 13, 25, and 29%,
similarly. The sum results suggested a synergistic interaction between nefopam and
tramadol along with a modification in nefopam pharmacokinetic parameters which
improve the therapeutic efficacy of nefopam in the chickens besides, advocate using these
two drugs as preanesthetics in veterinary medicine.
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Introduction

Nefopam belongs to non-narcotic medications generally
of benefit for the management of mild to serious acute or
chronic discrimination or used for treating neuropathic ache
disorders (1) and acetaminophen coadministration could
potentiate its analgesic effect (2). Nefopam can lead to
stronger, deeper, and more durable illnesses without
causing respiratory depression similar to morphine through
its central acting on the brain and spinal cord (3-5).
Nefopam acts through a specific mechanism for action by
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either altering the Na*?> and Ca*? channels via decreasing
glutamate neurotransmitter release (which is considered to
be a key pain-related neurotransmitter) or by increasing
catecholamines (especially norepinephrine and dopamine)
and serotonin by their rehabilitation of the presynaptic
neurons (6). Tramadol is an opioid drug that is commonly
used for developing its antinociceptive properties in
animals and humans through its mode of action against mu
receptors on the central nervous system through inhibiting
the re-uptake of norepinephrine and serotonin (7-9).
Tramadol is considered a good pain relief but produces
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substantial untoward effects like respiratory depression,
substance misuse besides the worse consequences of
operations, and it is used as an analgesic medication for
relieving mild to extreme pain circumstances (10,11).

The objective was to inspect the effect of tramadol
administration on the pharmacokinetic parameters of
nefopam through estimating the concentration of nefopam
in plasma samples besides the investigation of the kind of
analgesic interaction between nefopam and tramadol in the
broiler chicks model.

Materials and methods

Birds and drugs used

In all trials with a standard body weight of chicks
between 90-125 ¢, seven to 11-day broiler chicks of both
sexes were casted-off in 30-35°C, nonstop light, and the
litter from shreds of wood have been maintained despite the
fact the free water and feed has been provided. Nefopam
(1%, Nefopam chlorhydrate, France) and tramadol (5% GL
Pharma GmbH, Austria) were diluted with a physiological
normal saline solution (0.9% NacCl) to get the desired dose
to be injected at 5 ml/kg, intraperitoneally (IP).

Determination of interaction between nefopam and
tramadol by isobolographic analysis

The first dose of nefopam and tramadol alone were at 10
and 1 mg/kg, IP depends on previous studies (12). The
chicks checked independently formerly and subsequently
after 30 min. of treatment for the two drugs by using the
electro-stimulator device (Harvard apparatus, USA)
(presence of distress call point to pain perception) (13-18),
at that time, the doses of both drugs were reduced or raised
by 25% (2.5 mg for nefopam and 0.25 mg for tramadol) of
the first dose used of both drugs according to look or lack
of the analgesia. Then, the analgesic EDsq value for both
nefopam and tramadol (1:1 from their EDso values) was
estimated here according to up-and-down (19).

Determination of the kind of interaction between
nefopam and tramadol in the chicks' model

A direct mark developed for the iso-bolographic
examination of nefopam with tramadol in combination with
the isoefficient analgesic doses (EDso) of chicks. The EDsgs
points of nefopam and tramadol (9.24 and 0.83 mg/kg, IP)
specified unaccompanied was signified and arranged on x,
y axes. Then, a direct sloping stripe specifies the line of
additive interaction. The position of the combination point
under and above the line specifies synergistic and
antagonistic, correspondingly. The interaction index will
also estimate via the following equation Y=da / Da + db /
Db. Y is the interaction index; Da, Db were the separate
EDsos for nefopam and tramadol; da, db were their
combined EDsgs, as shown in table 1 and figure 2. The net
interaction index of 1 is additive or no interaction; less than

328

1 is synergism and more than 1 means antagonistic kind of
interaction (20).

The antinociception of nefopam and tramadol alone or
given together in the chicks

Three groups of chicks (6 per group) were injected
either with nefopam alone 9.24 mg/kg, IP, tramadol 0.83
mg/kg, IP, or nefopam plus tramadol 2.91 and 0.25 mg/kg,
IP. The analgesia was examined, as previously mentioned,
prior to and post 30 min. of treatment of the drugs for every
chick in the above groups (13-18).

Plasma concentration of nefopam: Its alteration with
tramadol coadministration in the chicks

One group was injected with nefopam alone 18.48
mg/kg, IP while the other group was treated with nefopam
and tramadol 18.48 and 1.66 mg/kg, IP respectively (the
doses resembles ED1go of their values). Blood was gotten
from the jugular vein for five chicks per measured time at
0.5, 1, 2, 4, and 24 hours for the two groups that received
nefopam alone or nefopam and tramadol. Plasma was
gained by adding heparin anticoagulant (B. Braun Medical
Inc, USA) (1:10 v/v) to the samples with centrifugation
(Chalice, UK) (3000 rpm for 15 minutes). Finally, plasma
obtained was frozen -18°C pending examination for 48
hours by the spectrophotometric apparatus (Lovibond,
Germany) with an ultra-violet sensor (21).

Determination of nefopam plasma concentration in the
chicks: its modification with tramadol administration
Preparation of buffer and nefopam standards

The phosphate buffer was equipped by liquefying 6.82 g
from KH,POs at 250 ml of the distilled water in a
volumetric flask to produce 0.2M KH2POs. Another
volumetric flask was used to prepare 0.2M of NaOH
through dissolving 2 g of NaOH in 250 ml distilled water.
Then, 195.5 ml of NaOH previously equipped was added to
250 ml of KH2PO4 solution and then completed the size to
1000 ml by addition of distilled water. The pH of the final
solution was attuned to 7.4 by adding NaOH or HCI (21).
The standards of nefopam were made of 20, 40, 80, 160,
320, and 640 pg/ml by dilution nefopam with the phosphate
buffer (at pH 7.4) and the solution then undergo filtration.
Finally, the net solution was analyzed by spectrophotometer
with a UV detector (wavelength of 266 nanometers) (21).
Using the equation of the simple linear regression of the
nefopam standards, nefopam concentration in the plasma
samples can be calculated in the two groups of chicks
(composed of nefopam alone or its coadministration with
tramadol). y= bx-a (Equation of the simple linear regression
of nefopam standards with R?= (0.9962) (Figure 1) were:
y= absorbance of plasma samples at 266 nm by
spectrophotometer apparatus; a= intercept (0.0051); b=
slope (0.0011) and x= concentration of nefopam (unknown)
in the plasma samples.
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Extraction of the plasma samples

An accurate, simple, and validated technique of
extraction was applied to the plasma samples according to
the study (22). The technique was demonstrated through the
addition of 2 ml from the phosphate buffer (which has a pH
of 7.4) to 2 ml of plasma sample (1:1 v/v) then, the mixture
was moved to a tube undergoing twisting for five minutes.
Subsequently, the mixture undergoing centrifugation (3500
rpm for 10 minutes) to attain the resulting aliquot solution
that undergoing filtration. The resulted aliquot solution was
detected by the spectrophotometer apparatus by using a
UV-chromatographic detection at 266 nm and the
absorbance of numerous dilutions was measured against
blank (phosphate buffer).

Determination of nefopam pharmacokinetic parameters
in the chicks' model: Its modification with tramadol
administration

The non-compartmental model of pharmacokinetic
analysis was applied to assess the pharmacokinetic findings
of nefopam alone or its mixture with tramadol by using a
pharmacokinetic (PK) solver program built-in with an
Excel program (23). These parameters covered were AUC,
AUMC, MRT, ti/23, Tmax, Cmax, Kel, VD, and CI. The rise or
decline in the percentages of these pharmacokinetic
parameters was also calculated in both groups of chicks'
model that were treated with nefopam alone and nefopam
with tramadol.

Statistics

The parametric statistical inspection was performed by
paired and unpaired student T-test applied to compare
means of two groups whereas non-parametric outcome
examined by Fisher and Mann Whitney tests (24). The level
will be considered significant when P<0.05.
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Figure 1: Linear regression of nefopam standards 20, 40,
80, 160, 320, and 640, pg/ml, at 266 nm in chicks' model.

Results

Determination of interaction between nefopam and
tramadol by isobolographic analysis (1:1)

The analgesic EDsp value of nefopam alone was 9.24
and for tramadol alone was 0.83 mg/kg, IP. The analgesic
EDso value of nefopam and tramadol combination were
2.91 and 0.25 mg/kg, IP when given together at 1:1 from
their EDsos. These doses needed to cause analgesia in 50%
of the chicks for each drug in chicken and table 1 shows the
various results obtained from this experiment.

Determination of the kind of interaction between
nefopam and tramadol in the chicks' model

The interaction between nefopam and tramadol was
synergistic as indicated by the interaction index Y= 0.61 as
illustrated in Figure 2.

Table 1: The interaction between nefopam and tramadol by isobolographic analysis (1:1) in chicks' model

Parameters Tramadol alone Nefopam alone
EDso value® 0.83 mg/kg, IM 9.24 mg/kg, IP
First dose 1 mg /kg 10 mg /kg
Final dose (f) 1 mg /kg 10 mg /kg
+ Dose (d) 0.25 mg/kg 2.5 mg/kg
Number of chicks 5 (XOXOX) 5 (XOOXX)
Nefopam and Tramadol
EDso value” 0.25 mg /kg, IP 2.91 mg /kg, IP
First dose 0.83 mg/kg 9.24 mg/kg
Final dose (f) 0.41 mg/kg 4.62 mg/kg
+ Dose (d) 0.21 mg 2.31 mg

Number of chicks
#Y=da/Da + db/Db

7 (XXXOXOX)
2.91/9.25 + 0.25/0.83= 0.31+ 0.30= 0.61

* EDso value= f + (k x d). X= result (antinociception), O= no result (nociception). Volts recorded preinjection and after 30
minutes of nefopam and tramadol injection. # Da, Db were EDsgs for nefopam, tramadol each alone; da, db was their combined
EDsos. The interaction index (Y) of 1 = no or additive interaction, less than 1 is synergism, and more than 1 means antagonism.
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Figure 2: Iso-bolographic examination designed for
pharmacological interaction to nefopam and tramadol. The
point at x-axes signify EDsos of the nefopam while point at
y-axes signify EDsos of the tramadol.

The anti-nociceptive effect for nefopam and tramadol
separately or given together in the chicks

Table 2 displays the analgesic effect for nefopam and
tramadol combination which significantly different from
either the group that received nefopam alone or tramadol
alone according to the analgesic percentage and the current-
voltage estimated post-treatment measured at this
experiment.

Plasma concentration of nefopam alone or its
combination with tramadol in the chicks at different
estimated times

Table 3 show a significant elevation in the nefopam
plasma concentration when coadministered with tramadol
in comparison to the group treated with nefopam alone. The
plasma concentration of nefopam alone measured at
different time 0.5, 1, 2, 4, and 24 hours at 18.48 mg/kg, IP
were 33.25, 27.10, 15.05, 13.61, and 2.45 pg/ml while the
plasma concentration of nefopam and tramadol 18.48 and
1.66 mg/kg, IP respectively was increased by 22, 26, 43, 45
and 81 % to be 40.72, 34.27, 21.53, 19.76, and 4.43 pg/ml,
respectively.

Pharmacokinetic parameters of nefopam alone or its
combination with tramadol in the chicks' model

Injection of nefopam alone reflect the pharmacokinetic
profile which comprises AUC 262.96 ug.h / ml, AUMC
2310.85 pg.h?/ ml, MRT 8.79 h, ti25 8.27 h, Cmax 33.25 Hg,
Tmax 0.5 h, K¢ 0.08 ht, VD 0.84 L/h/kg, ClI0.07L/h/
kg. Data for AUC, AUMC, MRT, tis and Cmax in the
chicks model that given nefopam plus tramadol were
increased to be 400.67, 8319.13, 10.78, 9.49, and 40.72 by
52, 260, 23, 15, and 22%, respectively while other
pharmacokinetic parameters which included Kei, Vss and ClI
were decreased to be 0.07, 0.63 and 0.05 by 13, 25, and
29% respectively in comparison to the group taken
nefopam alone (Table 4).

Table 2: Anti-nociception for nefopam and tramadol separately or given together in the chicks model

Groups Analgesia % Voltage before treatment Voltage after treatment
Nefopam alone (3/6) 50 5.23+0.49 9.01+0.73°
Tramadol alone (3/6) 50 6.19+0.16 9.93 +0.93°
Nefopam and tramadol (6/6) 100™2 6.54 +0.61 12.60 + 0.82"ab

The result signified Mean + Std.E. aimed at six chicks for each group. Pain elicited through electrostimulation was estimated
prior, post 30 min. of treatment. Nefopam was injected alone (9.24 mg/kg, IP), Tramadol alone (0.83 mg/kg, IP) or in
combination (2.91 and 0.25 mg/kg, IP). * Significantly dissimilar as of the nefopam group (P<0.05). a Significantly dissimilar
as of the tramadol group (P<0.05). b Significantly dissimilar as of voltage prior treatment at the similar group (P<0.05).

Table 3: Plasma concentration of nefopam alone or its combination with tramadol in the chicks' model at different estimated
times

Treated groups (pg/ml)
Nefopam alone Nefopam and tramadol

Measured times (Hour) Effect of tramadol (%)*

05 33.25+2.01 40.72 £1.03" 22
1 27.10+1.13 34.27+1.72" 26
2 15.05+ 1.47 21.53 £ 1.52" 43
4 13.61+1.70 19.76 + 1.82" 45
24 245+ 1.34 443 +1.84" 81

Data represent Mean = Std. Error (5 chicks/measured time).  significantly dissimilar as of nefopam alone group (P<0.05).
Nefopam was injected (18.48 mg /kg, IP), tramadol (1.66 mg /kg, IP). * % of the effect of tramadol on plasma concentration of
nefopam= nefopam and tramadol - nefopam alone / nefopam alone x 100.

330



Iragi Journal of Veterinary Sciences, Vol. 36, No. 2, 2022 (327-332)

Table 4: Pharmacokinetic parameters of nefopam alone or its combination with tramadol in the chicks' model

S . Groups *
Pharmacokinetic data Units Nefopam alone Nefopam and tramadol Effect of tramadol (%)
AUC pg.h / ml 262.96 400.67 (+) 52
AUMC ug.h? / mi 2310.85 8319.13 (+) 260
MRT h 8.79 10.78 (+) 23
tizp h 8.27 9.49 (+) 15
Crnax Mg 33.25 40.72 (+) 22
T max h 0.5 0.5 0
Kel ht 0.08 0.07 (-) 13
VD L/kg 0.84 0.63 (-) 25
Cl L/h/kg 0.07 0.05 (-) 29

Nefopam was injected at 18.48 mg/kg, IP alone or with tramadol at 1.66 mg/kg, IP. Pharmacokinetic data obtained are non-

compartmental model estimated by using a pharmacokinetic solver program built-in Excel program.

" % of the effect of

tramadol on plasma concentration of nefopam= nefopam plus tramadol - nefopam alone / nefopam alone x 100.

Discussion

The objective was to examine the effect of tramadol on
nefopam plasma concentration and its pharmacokinetic
parameters besides their analgesic interaction in the chicks
as illustrated by isobolographic analysis because the
relevant studied did not mention such an interaction
between these two drugs. As seen in previous literature,
nefopam, a non-narcotic analgesic medication, considered
good, profound, and useful to manage pain sensation (3) and
its analgesia may be enhanced by giving other medications
like acetaminophen (2). Nefopam acts centrally on the
central nervous system and could produce a well, more
profound, and consistent analgesia without causing
respiratory depression which makes nefopam preferable
over opioid agonists like morphine (5) The trial estimated
EDsos values for nefopam and tramadol combination and
shows a decrease in this value in comparison to their values
when given alone proposing an increase in the analgesic
efficacy which is essential to yielding analgesia at half of
the studied model of chicks. The isobolographic paradigm
marked for instance a worthy pointer of assessing the kind
of pharmacological interaction between two drugs (20) such
as nefopam and tramadol as illustrated in this study, there is
a synergistic interaction among nefopam and tramadol
through assessing their interaction index. This is supposed
to be assumed as the dissimilar mods of action for centrally
acting nefopam (6) and tramadol (7,11). The other crucial
key, which achieve the medication delivery to the target
site, for upsurge effectiveness and synergistic interaction
between nefopam and tramadol was assessed which is the
modification in the different pharmacokinetic parameters
belongs to nefopam observed when coadministered with
tramadol. An alteration in the pharmacokinetic profile of
nefopam caused by a significant rise in the plasma
concentration (free drug) of nefopam affected by tramadol
coadministration and this may be ascribed to competition
for binding on the plasma protein binding sites and the
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number of binding places found at the plasma proteins
(albumins) available because tramadol having a percentage
of binding >20% as found in other relevant studies which
causes an elevation of nefopam free drugs presented to the
target site of action (25). Relevant studies also show that
tramadol enhances the effectiveness of the other
administered drugs like ketorolac and ketamine (11,12).

Conclusion

The sum results suggested a synergistic interaction
between nefopam and tramadol along with a modification
in nefopam pharmacokinetic parameters which improve the
therapeutic efficacy of nefopam in the chickens besides,
advocate using these two drugs as preanesthetics in
veterinary medicine.
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