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Comparison of pharmacokinetics of tramadol between young and middle-aged dogs
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aBsTRACT. This study aimed to compare the pharmacokinetics of tramadol between young and middle-aged dogs. Tramadol (4 mg/kg) was
administered intravenously (IV) to young and middle-aged dogs (2 and 8—10 years, respectively). Plasma concentrations of tramadol were
measured using high-performance liquid chromatography (HPLC), and its pharmacokinetics best fit a two-compartment model. The volume
of distribution (V,), elimination half-life (#,, g) and total body clearance (CL,,) of the young group were 4.77 + 1.07 //kg, 1.91 + 0.26 hr
and 29.9 + 7.3 m//min/kg, respectively, while those of the middle-aged group were 4.73 £ 1.43 I//kg, 2.39 £ 0.97 hr and 23.7 £+ 5.4 m//min/
kg, respectively. Intergroup differences in the #,, g and CL,, were significant (P<0.05). In conclusion, tramadol excretion was significantly

prolonged in middle-aged dogs.
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The physiological changes that accompany advanced
aging alter drug distribution and elimination. For instance,
morphine clearance has been reported to decrease in elderly
human patients [1] who, therefore, require less morphine for
pain relief [7]. Tramadol is a centrally acting opioid anal-
gesic widely used in small animal practice to control acute
and chronic pain. Tramadol, which is regarded as an effec-
tive analgesic, is easily administered, has a longer duration
of action and causes fewer adverse effects than most other
opioids do [8]. It has been reported that the elimination rate
of tramadol is rapid in young beagle [6] and mixed-breed
dogs [9] compared with humans [12]. However, the specific
relationship between age and pharmacokinetics of tramadol
in dogs has not yet been determined. Therefore, the purpose
of the present study was to compare the pharmacokinetics of
intravenous (IV) tramadol between young and middle-aged
dogs.

The Animal Care and Use Committee of Rakuno Gakuen
University approved this study (protocol number: HI9B21).
Two groups of six beagle dogs each consisting of the young
(2-year-old, four males and two females, 13.1 + 1.0 kg) and
middle-aged (8—10-years; mean age, 9.7 £ 0.8 years; three
males and three females; 11.6 + 2.6 kg) groups were used in
this study. The dogs were considered in good health based on
physical examinations, complete blood cell count and serum
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biochemical analyses. The dogs were fasted for 12 hr before
each experiment.

Then, the dogs received an IV bolus injection of tramadol
(Tramal, Nippon Shinyaku, Kyoto, Japan) at a dose of 4
mg/kg through a 22-gauge catheter (Happycath Z, Medikit,
Tokyo, Japan) inserted into the left cephalic vein. Blood
samples (2 m/) were collected through the 18-gauge central
vein catheter (Indwelling vascular catheter kit, Medikit)
inserted into the left jugular vein and mixed with heparin
sodium (30 units per 1 m/ of blood) at 2, 5, 10, 15, 20, 30
and 45 min and 1, 1.5, 2, 3, 4, 5, 6, 12, 24, 48 and 72 hr
after tramadol administration. These blood samples were im-
mediately centrifuged (1,500 x g for 10 min) to separate the
plasma and deproteinized as previously reported [5]; then,
the upper layer was extracted and stored at —80°C until high-
performance liquid chromatography (HPLC) analysis.

To construct the calibration curve, serial dilutions of the
extracts were prepared (final tramadol concentrations, 2.5—
1,000 ng/ml) by fortifying the pooled canine plasma with
tramadol and stored in the same deep freezer. The coefficient
of variation was determined using six replicates each at 50,
250, 500 and 1,000 ng/ml. Calibration was performed each
day and only used, if the coefficient of determination (+°) was
greater than 0.99 with all values within 15% of the expected
true concentration. The maximum value of the coefficient
of variation in the intra and inter precision assays and mean
recovery for tramadol were 8.5 and 95.4%, respectively.

The HPLC system consisted of a dual pump (DP-8020,
Toso, Tokyo, Japan), reversed-phase column (Unison UK-
C18,Toso), degasser (AG-12, Toso) and an intelligent fluores-
cence detector (FS-8020, Toso). The tramadol in each extract
sample was separated using a reverse-phase column with a
linear gradient mobile phase of methanol:water:ammonium
acetate (24:75.94:0.06) to 100% methanol. The flow rate was
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0.3 m//min, and the fluorescence detector was set at 270 and
304 nm (excitation and emission, respectively). The reten-
tion time for tramadol was 7 min, and its concentration in the
samples was estimated using the calibration curve.

The pharmacokinetic parameters of tramadol were calcu-
lated using the LC-8020 software (Toso). The curve fitting
was performed using an interactive least-squares approach,
using the MULTI computer program (free software based on
Microsoft Excel provided by the Graduate School of Phar-
maceutical Sciences, Faculty of Pharmaceutical Sciences,
Kyoto University, Kyoto, Japan) [14]. A weighting factor
(1/»*) was applied to the pharmacokinetic calculations.
The best-fitting model for the compartmental analysis was
determined using residual plots and Akaike’s Information
Criterion. The compartmental pharmacokinetic parameters
including the total body clearance (CL,), volume of distri-
bution at steady-state (Vy,), area under the curve (AUC) and
mean residence time (MRT) were calculated using equations
published previously [2].

The data are expressed as means £ standard deviation
(SD) or median [range]. The pharmacokinetic parameters
were determined using the normality test and F-test, and
then, between-group comparisons were performed using
an unpaired Student’s ¢-test or Mann-Whitney U-test using
computer software (Statcel3, OMS Publishing, Saitama,
Japan). A P<0.05 was considered significant.

No nausea and vomiting were observed after IV adminis-
tration of tramadol at 4 mg/kg in either group, and none of
the dogs appeared sedate after the treatment. All the animals
ate, drank, defecated and urinated normally throughout the
experimental period. On the other hand, it has been reported
that side effects, such as nausea, salivation and tremor, were
induced by intravenous administration of tramadol at similar
doses to those used in our study in dogs [9]. To obtain an-
algesia without side effects, it is important in clinical situa-
tions to adjust the effective blood concentration of tramadol.

In the present study, the limit of tramadol quantification
for the HPLC analysis was determined to be 10 ng/m/ based
on the calibration curve. Since plasma samples were diluted
16.8-fold during preparation, the minimum concentration of
tramadol detectable in this study was 168 ng/m/.

Changes in the plasma concentrations of tramadol are
shown in Fig. 1. The pharmacokinetics of tramadol were
best fitted to a two-compartment model in both groups. The
plasma concentrations of tramadol decreased to levels below
the limit of quantification in all dogs in the young group 4 hr
after drug administration. On the other hand, tramadol was
detected in plasma samples from all the middle-aged group
dogs for up to 12 hr after administration. The plasma tra-
madol concentrations were highest (1,500 and 2,250 ng/ml,
young and middle-aged groups, respectively) approximately
2 min after IV injection, rapidly decreased during the first 20
min and then decreased more slowly.

Pharmacokinetic evaluations were carried out for tra-
madol, and the corresponding parameters are summarized
in Table 1. There was no significant difference in the Vg
of tramadol between the groups. The CL,,, was significantly
lower in the middle-aged group than it was in the young
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Fig.1.  Plasma concentration versus time curves for tramadol fol-
lowing intravenous injection of tramadol (4 mg/kg) to young and
middle-aged dogs (2-and 8-10-year-old, respectively). Data are
mean + standard deviation (SD) of plasma concentration for young
(o) and middle-aged groups (®) (n=6 each). Limit of detection for
tramadol was 168 ng/m/. Plasma concentrations of tramadol were
below limit of detection at 4 and 12 hr in young and middle-aged
dogs, respectively, after administration.

group (P<0.05). The #,,3 and AUC were significantly higher
in the middle-aged group than they were in the young group
(P<0.05 each). Therefore, the differences in CLi, and 74
might be related to the differences in the limit of quantifica-
tion between young and middle-aged dogs at 4 hr or later.

The pharmacokinetic profiles of tramadol were previously
reported in young beagle dogs of an unspecified age [6] and
mixed-breed dogs aged 3—5 years [9]. There were small dif-
ferences in the Vg, CL,, and 7,55 of tramadol reported in
young dogs between the present study (4.77 = 1.97 l/kg, 29.5
+ 7.3 m//min/kg and 1.91 + 0.26 hr, respectively) and the
previous reports (3.42 = 0.47 I/kg, 35.58 + 2.96 m//min/kg
and 1.36 £ 0.36 hr, respectively) using the same IV dose of
tramadol [9]. This might be attributable to differences in the
analytical methods used to determine the plasma tramadol
concentration and the population of the study dogs. Our data
agreed with previous reports that plasma tramadol concen-
trations were best fitted to a two-compartment model [6, 9].

Tramadol is metabolized in the liver, and its metabolites
are primarily excreted via the kidney (90%) with the remain-
ing (10%) being excreted in the feces [15]. Drug elimination
may be altered by decreased liver metabolism, reduced renal
excretion, and reduced hepatic and renal blood flow, result-
ing in slower delivery of drugs to the liver [10]. Particular
caution should be exercised when extended administration
intervals are used in dogs with liver and kidney malfunc-
tions [11]. In the present study, although the general physical
conditions and biochemical analysis were normal, the CL,
was decreased and ¢,3 was prolonged in middle-aged dogs
compared with young dogs. Therefore, it was considered
that the administration interval or infusion rate of tramadol
was extended in middle-aged dogs.
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Table 1. Pharmacokinetic parameters of tramadol after intravenous administration in young dogs and middle-
aged dogs (2 and 8-10-year-old, respectively)
Parameters  (units) Young dogs (n=6) Middle-aged dogs (n=6) P value
A (ng/ml) 953.1 +£292.4 1,702.3 +439.6 0.003
o (/hr) 717 £3.12 6.17 £2.47 0.276
B (ng/ml) 761.6 £211.2 746.8 £291.3 0.461
B (/hr) 0.36 +0.05 0.29 +£0.12 0.101
tina® (hr) 0.10 £0.05 0.11 £0.05 0.664
1125 (hr) 1.91 £0.26 2.39 £0.97 0.044
K12 (/hr) 332 +1.84 3.44 +1.34 0.553
K21 (/hr) 3.43 +1.48 2.16 +£1.25 0.070
Kel (/hr) 0.78 £0.17 0.85 +£0.26 0.295
\%! (l/kg) 2.30 [1.97-3.31] 1.67 [1.26-2.46] 0.055
V2 (kg) 2.37 £1.08 3.00 £1.10 0.343
Vd,, (Ukg) 4.77 +£1.07 473 £1.43 0.954
CL,,» (m/-min""kg™") 299 +7.3 23.7+54 0.035
AUC, ., (ng-hr/ml/) 2,257.7 £547.9 3,006.6 +814.2 0.046
MRT (hr) 2.65 +£0.31 333 +£1.36 0.064

Data are mean + standard deviation (SD) or median [range]. A, intercept for the distribution phase; o, distribution
slope; B, intercept for the elimination phase; B, elimination slope; #//2a., distribution half-life; //2f, elimination half-
life; K12, K21 and Kel, rate constants; V1, apparent volume of central compartment; V2, apparent volume of the pe-
ripheral compartment; Vdss, apparent volume of distribution at steady-state; CLtot, total body clearance; AUC,_,, area
under the curve O—infinity; MRT, mean residence time. Pharmacokinetic parameters were compared between groups
using unpaired Student’s ¢-test or Mann-Whitney U-test; a) harmonic mean + jackknife SD, b) Mann-Whitney U-test.

Unfortunately, the fecal excretion was not quantified,
because complete urinary and fecal collections were not
performed in the present study. The capacity to biotrans-
form tramadol might decrease with age, because metabolic
enzyme activity decreases as well [11]. In addition, one of
tramadol’s active metabolites, O-desmethyltramadol (M1),
has a more agonistic effect on the w-opioid receptor than
tramadol does [4]. However, the capacity of beagle dogs
to biotransform tramadol to M1 is reportedly very low [3].
In addition, considerably lower M1 plasma concentrations
were detected in mixed-breed dogs administered intravenous
tramadol at 4.0 mg/kg [9]. It was also reported that there is
a low correlation between plasma concentrations of M1 and
the sparing effect on sevoflurane minimum alveolar concen-
tration (MAC) in dogs receiving CRI of tramadol [13]. In
addition to the fact that low concentrations of M1 have been
reported to correlate with the lack of pain therapy efficacy
in dogs [3], it can be concluded that tramadol itself is likely
to be responsible for the analgesic effect observed in dogs.

The plasma concentration of tramadol after intermit-
tent injections could be simulated using our pharmacoki-
netic parameters; therefore, the age-related pharmacokinetic
changes observed in this study could be clinically useful for
determining dosage regimens. We previously reported that
tramadol administration significantly reduced sevoflurane
minimum alveolar concentration (MAC) by 22% in dogs and
the plasma concentration of tramadol was approximately
400 ng/ml at the time of MAC determination [5]. The steady
state was attained at 4 x ¢;),, and when the steady-state trough
level was 400 ng/m/, the intermittent injection was predicted
to be required at intervals of 3 and 3.5 hr in the young and
middle-aged groups, respectively (Supplementary Fig. 1). In
addition, anesthetic and analgesic agents are often clinically

administered using constant-rate infusion (CRI) to obtain
a stable plasma concentration. The dosage of tramadol re-
quired to achieve a target plasma concentration of 400 ng/
m/ based on our pharmacokinetic parameters was predicted
to be an IV loading dose (LD) of 1.9 mg/kg followed by 0.72
mg/kg/hr CRI in the young group. Additionally, to prevent
an increase in the plasma concentration of tramadol, the CRI
dosage should be reduced in the middle-aged group. To ob-
tain the same plasma concentration, the required dosage of
tramadol was predicted to be 1.9 mg/kg IV (LD) followed by
0.57 mg/kg/hr CRI in the middle-aged group. By administer-
ing the drug at these infusion rates, a steady state was pre-
dicted to occur 30 min after the injection of tramadol in both
groups (Supplementary Fig. 2). Therefore, although the dif-
ferences in the pharmacokinetic parameters between young
and middle-aged dogs were slight, the associated side effects
might develop because of drug accumulation with multiple
doses or prolonged infusion in middle-aged dogs. Therefore,
it might be clinically useful to evaluate the pharmacokinetic
parameter of young and middle-aged dogs, to determine the
appropriate administration intervals and infusion rates.

Further pharmacokinetics and pharmacodynamics studies
are necessary to confirm the optimum doses for intermittent
administration and the infusion rate of tramadol in elderly
dogs.

In conclusion, the distribution of tramadol was not af-
fected by aging in dogs. However, the excretion of tramadol
was significantly prolonged in the middle-aged compared
to the young dogs. To achieve the same steady-state trough
levels in young dogs, the interval intermittent injections and
infusion rates should be extended in middle-aged dogs.
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