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The kinetics of tramadol at 3 mg/kg was studied in twenty four local dogs (twelve males and twelve
females), after a single intravenous and subcutaneous dose administration. Three milliliters of blood
from the jugular vein were collected before and at 2, 5, 10, 15, 30 and 45 min, 1, 1.5, 2, 2.5, 3, 4, 6, 8 and
9 h post administration of tramadol from both groups with the exception of 2 min for subcutaneous
group. The collected blood samples were analyzed using a high performance liquid chromatography. In
male dogs, the maximum plasma concentration (Cmax) was attained (Tmax) much faster (0.17 h) and
systemic bioavailability was higher (29.65+11.7%) than in female dogs with 15.68+4.19%. On the other

hand, AUC, tia, tizg Vds) were not significantly different between male and

female dogs. These

findings suggest the presence of some differences in the kinetics of tramadol between the male and

female dogs.
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INTRODUCTION

Gender is the most important factor in mammalian
development and response to exogenous agents (Maris
et al, 2010). The common surgical procedure is
ovariohysterectomy and involves female dogs (Kongara
et al.,, 2010) hence male dogs are underrepresented.

Unequal representation of male dogs in frequent surgical
and clinical trials has caused a relative paucity of data
toevaluate possible gender differences in tramadol
pharmacokinetics.  Gender  differences in  the
pharmacokinetics of some drugs are known to exist
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(Franconi et al., 2007; Soldin and Mattison, 2009).
Evaluation of these gender differences is of clinical
importance in designing effective post-surgical p pain
management protocols. In dogs, unlike in rats (Liu et al.,
2003) and humans (Ardakani and Rouini, 2007), gender
dependency of pharmacokinetics of tramadol has not
been investigated in detail. Recent clinical and in vitro
evidence related the higher expression of cytochrome
P450 (CYP) 3A4 in females (Lamba et al., 2010; Yang et
al., 2010) to gender related differences. Furthermore,
gender related difference in systemic exposure and
related pharmacokinetic parameters of tramadol
enantiomers were reported among Chinese volunteers
(Hui-chen et al.,, 2004). The high variability in the
tramadol pharmacokinetic properties was partly related to
CYP2D6 and MDR1 polymorphism. Variation within the
extensive metabolizer phenotype based on the number of
functional alleles was observed. CYP2D6 activities were
reported to be higher in males than in females, leading to
higher Cmax and AUC of the metabolites (M1) (Ardakani
and Rouini, 2007). Contrary to that, Hui-chen et al. (2004)
found higher values in females than in male volunteers.
The main objective of this study was to determine
whether pharmacokinetic parameters of tramadol differed
in male and female dogs.

MATERIALS AND METHODS

Twenty four local dogs of both sexes; twelve males weighing
between 15 and 22 kg (average 18.5+2.2 kg), and twelve females
of between 12.5and 18 kg (average 15.75+1.9 kg), aged between
1.5 and 4 years (mean 2.92+0.82 years), and aged between 1.5
and 3 years (mean 2.33+0.6) years were used for the study. They
were obtained and kept separately, and were certified healthy based
on physical and clinical examination prior to the study. On the
morning of study, a 20 gauge 1y inch sterile catheter (Terumo,
Somerset NJ, USA) was placed and secured in the cephalic vein. A
baseline 2 ml venous blood sample was collected from each dog
before tramadol administration. The dogs were randomly divided
into four groups of equal number and were fasted for 12 h prior to
beginning of the study but had access to water until two hours to
tramadol administration. Group | and Il are male dogs and received
3 mg/kg tramadol intravenously and subcutaneously respectively
while Il and IV are female dogs also received 3 mg/kg tramadol
intravenously and subcutaneously respectively. The experimental
procedures were approved by the Universiti Putra Malaysia Animal
Care and Utility Committee (UPM/FPV/PS/3.2.1.551/AUP-R86).

Samplecollection for pharmacokinetic analysis

An 18 gauge jugular catheter was placed in each dog
approximately 2 h prior to each study period. Three ml blood
were taken before and at 2, 5, 10, 15, 30 and 45 min, 1, 1.5, 2,
2.5, 3,4,6, 8 and 9 h post administration of tramadol from
groups with exception 2 min among the subcutaneous groups.
Prior to removing blood samples for pharmacokinetic analysis, 1
ml sample of blood was removed from the jugular catheter and
discarded. Catheters were flushed with 1 ml of sterile saline
following each sample collection. Samples were placed in a plane
tube (Becton Dickinson, Franklin Lanes, New Jersey, USA) and
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allowed to stand at room temperature for 30 min to clot before
immediately placed on ice. Samples were -carefully and
accurately labeled using a permanent marker. The blood samples
were centrifuged at 1000 x g for 10 min, and the separated serum
samples were kept frozen at -80°C until analysis within 6 months.

Serum tramadol extraction using solid phase extraction
(SPE) method

Serum extraction was accomplished with disposable non-end-
capped solid phase extraction cartridges. The columns were
conditioned with 1 ml methanol, followed by 1 ml of
diionised distilled water (DDH20). One milliliter of serum sample
was loaded into each column. The columns were washed three
times with 1 ml of DDH,0O, followed by washing with 250 pl of

acetonitrile (ACN):ethylacetate (EtAc) (60:40) combination for
three times. Columns were eluted four times with 250 ul of the
mixture of ACN: EtAc (60:40) with added Triethylamine 1%.
The eluent were collected into 10 ml falcon tubes and a
volume of 50 pl of phenacetin was spiked from a 20 pg/ml
working solution as an internal standard. The mixture was
vortexed and dried under nitrogen stream heated to 40°C to
facilitate evaporation. The sample was reconstituted in 70 pl of
mobile phase and then filtered through a 4 mm nylon syringe
filter, 0.4 pm before being injected into the high performance
liquid chromatography (HPLC) system.

Serum tramadol assay using HPLC

Serum tramadol was analyzed by reverse phase HPLC with
ultraviolet ~ (UV)  detection.  High  performance liquid
chromatography is flexible and sensitive and can detect the
tramadol at lower doses and from very small samples, which is
really useful in clinical trials (Gan et al., 2002). Detection limit with
HPLC was found to be as low as 20 ng/ml (Kukanich and Papich,
2004). The repeatability of the method for tramadol estimation
reflects its precision in determining tramadol biotransformation
(Gan et al.,, 2002). In a study on normal dogs Kongara et al.
(2009) demonstrated the repeatability of HPLC for tramadol
assay. Also, a large number of trials that used HPLC for
quantitation of tramadol demonstrated the reliability of the
method (Kukanich and Papich, 2004; Kubota et al., 2008). The
HPLC system consisted of a quaternary pump, degasser, automated
sampler, and UV detector which was set at 218 nm. The analytical
column was Agilent Zorbax reverse phase, with a particle size of 5
pm and diameter and length of 4.6 x 250 mm. The control of the
HPLC system and data collection was achieved by use of an IBM-
compatible computer equipped with Agilent LC ChemStation
software. The HPLC method was based on previously
published study (Gan and Ismail, 2001). To achieve separation, the
Agilent Zorbax RP-C18 column was heated to 40°C. The mobile
phase was a mixture of 70% phosphate buffer (0.01 M), 30%
acetonitrile with addition of 0.1% triethylamine (v/v), and adjusted
to a pH of 5.9. The phosphate buffer was prepared fresh daily by
dissolving 1.36 g of KH.PO, (HPLC grade, Fisher Scientific
Loughborough, Leicestershire LE11 5RG UK) into 1000 ml DD
H2O. The final mixture was filtered under vacuum through a
0.45 um cellulose filter (Sartorius, Germany) and sonicated for
20 min. A flow-rate of 0.75 ml/min was chosen and an injection
volume of 25 ul for each reconstituted sample throughout.

Standard curve for tramadol

Standard curves for tramadol were prepared daily. The pure
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Figure 1. Graph of known concentrations of tramadol range from 40 to 2500 ng/ml (X-axis) plotted against peak area (Y-

axis) determined (r = 0.99).

dry tramadol (Sigma-Adrich Co., 3050 Spruce Street, St. Louis,
M063103 USA) was diluted in mobile phase to produce a
concentration range from 40 to 2500 ng/ml and directly injected
into the HPLC system for analysis. Daily calibration with a
coefficient of determination (r®) value greater than 0.99 was
accepted.

Preparation of daily quality control samples

Quality control samples were prepared and run daily before
injecting experimental sample. Canine frozen serum samples were
left on the bench to thaw naturally and were vortexed prior to use.
The curves were prepared by fortifying pooled canine serum with
pure dry tramadol to produce a concentration range from 40 to
2500 ng/ml, while phenacetin was added at 20 pg/ml throughout.
Preparation and processing of the fortified calibration samples were
exactly as described for the incurred serum samples.

Pharmacokineticanalysis

Pharmacokinetic variables of tramadol following administration were
calculated using a pharmacokinetic computer software program
(WinNonlin 6.2.1. Pharsight Corp., Mointain View CA, USA). A
weight factor of (1/y?) was applied to the pharmacokinetic
calculations. The best fit model for compartmental analysis was
determined by residual plots and Aikake’s information criterion. An
open two-compartment model with central compartment best
described the decline in tramadol plasma concentration following
intravenous administration, and a standard non-compartmented
model following subcutaneous administration. Values for total body
clearance (CI), volume of distribution (Vd), area under the plasma
concentration curve (AUC), plasma distribution half-life a (aTiz),
plasma clearance half-life b(b Ti), intercept of the distribution
phase (A), intercept of the elimination phase (B), rate constant

associated with distribution (alpha), and rate constant associated
with elimination (beta) were derived.

Statistical analysis

Statistical analysis was performed using the SPSS program (IBM®
SPSS software Inc. version 16, New York, USA). The results are
expressed as the means + SD. The pharmacokinetic parameters
were compared using an independent t-test between the groups.
A p-value of less than 0.05 was considered to be statistically
significant.

RESULTS

The linear concentration range for tramadol analysis was
40 to > 2500 ng/ml (39.625, 78.125, 156.25, 312.5, 625,
1250, 2500) ng/ml, (n = 5) (r2 > 0.99). The limit of
detection and quantitation were found to be 10 and 50
ng/ml respectively (Figure 1). Mean retention time for
phenacetin (internal standard) was 6.98 min (Figure 2)
and tramadol was 5.09 min (Figure 3). Dog experimental
tramadol plasma chromatogram 5 min and 6 h after
administration are presented in Figures 4 and 5
respectively.

No adverse effects were observed after administration
of tramadol HCI at 3 mg/kg. All dogs appeared mildly
sedated after administration and a dog showed sign of
nausea (salivating) but stopped after about 5 min. A
female dog became very aggressive and was replaced
with another female dog.
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Figure 2. Representative chromatogram obtained from phenacetin injected into HPLC at 20 pg/mL as an

internal standard.
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Figure 3. Representative chromatogram obtained from tramadol and phenacetin injected into HPLC at 5000

and 20 pg/ml, respectively.

Influence of gender on pharmacokinetic of tramadol
in dogs

Similar  results were obtained after tramadol
pharmacokinetic  analysis for gender difference
subgroups. However, it is interesting to  note
that systemic bioavailability was higher among the
male dogs (29.65+11.7%) than female dogs with
15.68+4.19%. This resulted to a significantly higher rate
of movement from compartment 1 to compartment 2
among the female dogs (13.34+12.58 I/h) than the male
dogs (5.99+4.1 I/h). Maximum plasma concentration

(Cmax) was attained (Tmax) much faster (0.17 h)
among the male dogs compare to the female dogs (0.75
h). On the other hand, AUC, ty.q, tyop Vdissy were not
significantly different between male and female dogs.
These findings suggest that the tramadol is influenced to
a lesser extent by gender differences. The
pharmacokinetic parameters are summarized in Table 1.

DISCUSSION

The gender related pharmacokinetic parameters derived
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Figure 4. Tramadol plasma representative chromatogram obtained from dog 5 min following administration.
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Figure 5. Tramadol plasma representative chromatogram obtained from dog 6 h following administration.

for tramadol in our study differ somewhat to those
recently published by Cagnardi et al. (2011) in cats. Our
results showed a significantly faster time to reach high
plasma tramadol concentration (0.17 + 0.01 h) in male
dogs compare with relatively slower (0.75+£0.01 h) among
the female dogs. Rate of movement of tramadol from first
compartment to the second compartment was
significantly lower (5.99+4.1) in the male dogs compare
with 13.34+12.58 found among the female dogs, and
subsequently higher systemic bioavailability
(29.65+£11.7%) among the male dogs versus lower values

(15.68+4.14%) observed in the female dogs. However, a
wide inter-individual variation was observed among the
female dogs (range from 11.3 to 24.4%). Unlike Cagnardi
et al. (2011) who reported no sex-related differences in
tramadol pharmacokinetics in cats and Ardakani and
Rouini (2007) among human volunteers. Hui-chen et al.
(2003) observed a significant gender variation in
pharmacokinetics of trans-tramadol in rats. However,
they observed systemic exposure among the female rats
compared with the male rats. In another study by
Djurendic-Brenesel et al. (2010), significantly higher
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Table 1. Pharmacokinetic parameters of tramadol (Mean + SD) following intravenous (3 mg/kg) and subcutaneous (3 mg/kg) administration in
both male and female dogs.

Parameter Group | (n =6) Group Il (n =6) Group Ill (n = 6) Group IV (n = 6)
A (ng/ml) 195.07+40.82° NA 657.3+462.5" NA

B (ng/ml) 173.13+23.93 NA 148.68+47.28 NA

a (I/h) 11.42+3.8° NA 45.61+39.19" NA

B (I/h) 1.13+0.29 NA 1.12+0.2 NA

Az (I/h) 1.23+0.44 0.65+0.16° 1.43+0.21 1.09+0.37"
t12Az (h) 0.58+0.16 1.13+0.34% 0.49+0.07 0.69+0.21"
t1i2q (M) 0.07+0.03 NA 0.04+0.04 NA
ti12p (D) 0.65+0.16 NA 0.64+0.11 NA

Co (ng/ml) 294.17+22.68° NA 333+120.48" NA
Cmax (ng/ml) 245.57+26.02° NA 127.16+18.69" NA
Tmax (h) 0.17+0.01% NA 0.75+0.01° NA
MRT (h) 0.85+0.22° 1.52+0.37° 0.76+0.18° 1.39+0.19°
Clr (mL/min/kg) 17.71+5.02 17.17+4.32 21.06+9.34 16.53+5.29
Vd(ss)(L/kg) 14.18+1.56 NA 14.37+4.96 NA

AUCo_. (h*ng)/ml
AUMCo._. (h*h*ng)/ml

179.52+44.47
159.34+75.85%

177.19+63.28
276.21+81.44°

177.61+85.16
140.01+75.25%

196.01+57.66
281.05+11.75°

K10 (I/h) 2.54+1.07 NA 4.33+2.1 NA
K12 (I/h) 5.99+4.1° NA 13.34+12.5° NA
K21 (I/h) 7.61+2.97 NA 6.12+1.46 NA
K10 ty (h) 0.34+0.12 NA 0.17+0.1 NA
V1 (L/kg) 7.7+1.62 NA 3.3+2.93 NA
V2 (L/kg) 5.91+1.74 NA 8.92+2.81 NA
F (L/kg) NA 29.65+11.7° NA 15.68+4.19"

2P means with different superscripts within rows different significantly at p=0.05.

Abbreviations: Group | = male dogs treated with a single dose of 3 mg/kg tramadol intravenously; Group Il = male dogs treated with a single dose of
3 mg/kg tramadol subcutaneously; Group Il = female dogs treated with a single dose of 3 mg/kg tramadol intravenously; Group IV = female dogs
treated with a single dose of 3 mg/kg tramadol subcutaneously; NA not applicable; Az = first-order rate constant; t¥2 Az = half-life of the terminal portion
of the curve; MRT = mean residence time; Cl; = total body clearance; Vdss = volume of distribution at steady state; AUCO-~ = area under the curve
from O to infinity; AUMCO-~ = area under the first moment curve from 0 to infinity; CO = concentration at time 0; Cmax = maximum concentration; tmax
= time to maximum concentration; t¥%2a = distribution half-life; t/2B = elimination half-life; a = rate constant associated with distribution; § = rate constant
associated with elimination; A = intercept for the distribution phase; B = intercept for the elimination phase; K10 = elimination rate from compartment 1;
K12 = rate of movement from compartment 1 to compartment 2; K21= rate of movement from compartment 2 to compartment 1; K10 ty, = half-life of
the elimination phase; V1= volume of compartment 1; V2 = volume of compartment 2; F = bioavailability.

plasma opiates were measured among male rats over the
female rats. This finding is in concordance with our
observation, suggesting a faster passage of the drug from
blood to the organs in female dogs. Gender
relatedvariability in the pharmacokinetic properties of
tramadol has been partly related to CYP2D6 and MDR1
polymorphism in humans. In addition, variation within
population of extensive metabolizers (EM) phenotype
was observed based on number of functional CYP2D6
alleles (Ardakani and Rouini, 2007). The activity of
CYP2D6 has been reported to be higher in males than in
females (Tanaka, 1999). Contrary to this, Hui-chen et al.
(2004) reported a higher rate of O-demethylation of
tramadol mediated by CYP2D6 resulting in higher Cmax
and AUC in females over the males volunteers.

Both distribution and elimination half-lives remain
unaffected, and volumes of distribution and elimination
rates were not significantly different between the gender

groups. This is similar to the observation made by
Cagnardi et al. (2010) in cats, and in accordance with
Ardakani and Rouini (2007) among human volunteers.

Conclusion

In conclusion, the clinical implications of these findings
seem clear. If the aim is to achieve similar analgesic
plasma levels of tramadol among male and female dogs
it is unwise to give equal dose; not only that it takes faster
time to reach high plasma tramadol concentration in male
dogs but higher systemic bioavailability among the male
dogs is achieved. If analgesia is to be achieved with
tramadol administration, adjustment in the dose rate
would have to be made to compensate for the poor
bioavailability of the drug in female dogs. Overall, we
conclude that there were some differences in the kinetics
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between the male and female dogs.
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