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Abstract

Objective: The purpose of this study is to conduct in vivo pharmacokinetic study of Tramadol Hydrochloride 
(TH) press-coated tablets (PCTs) in rabbit plasma using reversed-phase high-performance liquid chromatography 
(RP-HPLC) technique. Materials and Methods: A Phenomenex bond clone reverse phase C18 (4.6 × 150 mm, 5 
µm) column and mobile phase acetonitrile – 0.01 M phosphate buffer (30:70% v/v) containing 0.1 % triethylamine 
with 1 ml/min flow rate were used for development and validation of RP-HPLC method, further used to calculate 
various pharmacokinetic parameters of TH core tablets and PCT in rabbits which received TH core and PCTs. 
Results and Discussion: The developed method showed a linearity in range of 10–800 ng/ml (r2 = 0.9997), good 
precision and accuracy with acceptable relative standard deviation values, repeatability, and reproducibility. The 
drug TH extracted with recovery in range of 96.20–98.29%. The pharmacokinetic study of PCT showed 5 h lag 
time with drug release. The Cmax and Tmax of core tablet and PCTs were 409.86 ± 40.46 ng/ml at 0.75 h and 289.46 
± 32.58 ng/ml at 10 h, respectively. Area under curve(0-t) of core and PCTs was 1531.26 ± 499.09 ngh/ml and 
2293.48 ± 521.8 ngh/ml, respectively. Conclusion: Based on results, PCTs provided better chronotherapeutic 
release characteristics with drug release after a specified lag time using polymer blend of HPMC E50 and HPMC 
E100 as release modifiers for therapy of Rheumatoid arthritis.
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INTRODUCTION

Rheumatoid arthritis (RA) is a severe 
systemic auto-immune disease which 
produces inflammation in the joints, 

surrounding tissue and other body organs.[1] RA is 
characterized by diurnal variations in circulating 
cytokines levels and interleukin-6 or tumor 
necrosis factor[2] and has symptoms such as 
pain in joints, warmth, and stiffness of the 
body which are produced early morning[3] on 
waking or after extended inactivity.[4] Increased 
stiffness in early morning is the common sign 
of the condition and it usually lasts beyond an 
hour necessitating the use chronomodulated 
drug release for maximum therapeutic benefit. 
Hence, press-coated tablet (PCT) has been one 
of the important approaches for releasing the 
drug after defined lag time.[5]

Tramadol HCL (TH) is an opioid agonist and 
synthetic, centrally acting analgesic. It is used 

to relieve moderate to severe pain that has low selectivity for 
µ receptor. It inhibits norepinephrine and serotonin reuptake, 
further alters the transmission of pain signals.[6] TH showed 
a therapeutic index in range of 100–300 ng/ml. It has a 5–6 h 
half-life. The recommended daily dose of TH is 50–100 mg 
taken orally in divided doses. It has a high oral bioavailability 
and is well absorbed throughout the gastrointestinal 
tract. Certain water-soluble drug formulations have rapid 
release rate and are more prone to produce harmful drug 
concentrations when taken orally.[7] TH is a BCS Class-I 
medication, stating it has a high solubility and permeability 
and is likely to produce harmful concentrations with nausea 
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and vomiting as side effects, which can be eliminated 
using pulsatile delivery to delay the drug’s release.[8] TH 
has been assessed in pharmaceutical,[9] urine,[10] and blood 
plasma[11,12] using high-performance liquid chromatography 
(HPLC) with ultraviolet (UV),[9-11,13-15] fluorescence,[12,16] or 
electrochemical[17] detection.

In the literature survey carried out, there are only some 
estimation procedures of TH in rabbit plasma by reversed-
phase HPLC (RP-HPLC) method.[9-15] Hence, an attempt was 
made to develop a RP-HPLC method which is more accurate, 
precise. The purpose of this research was to establish and 
validate a sensitive and reliable RP-HPLC method for 
pharmacokinetic evaluation of TH in rabbit plasma and to 
carry out in vivo studies of PCTs.

MATERIALS AND METHODS

Materials and reagents

TH was a gift sample from Hetero Drugs, Hyderabad, India. 
Triethylamine (TEA) and methanol (HPLC grade) and 
acetonitrile were procured from Merck. All other chemicals 
were of analytical quality. Distilled water was used to prepare 
the buffer solution. Chronotherapeutic tablets are prepared by 
press coating technique. The composition, formulation, and 
in vitro evaluation of optimized PCT (PCT4) were described 
in our previous work.[18]

Instruments

The HPLC system consisted of HPLC (Shimadzu) equipped 
with pump (LC-20AD), UV–Visible detector (SPD-20A) and 
Rheodyne injector with 20 µl sample loop. The parameters 
of HPLC were controlled by laboratory solution software. 
The detector had a distinct band fixed to 271 nm, that was 
the wavelength employed for quantification, and it was 
configured to scan from 200 to 500 nm. Electronic balance 
(Shimadzu-AY220), bath sonicator (Biotechnics), and digital 
pH meter (Systronics) were used.

Chromatographic requirements

A Phenomenex bond clone RP C18 column with particle size 
of 5 µm (4.6 × 150 mm) was used as the analytical column. 
The temperature of column was at 25°C. A vestel computer 
with laboratory solution software was used to operate the 
HPLC system and collect data. The mobile phase flow rate 
and injection volume were 1 ml/min and 20 µl, respectively, 
and was detected at 271 nm.[19,20]

The mobile phase composition was changed using several 
combinations of acetonitrile – 0.01 M phosphate buffer (PB) 
(10:90, 20:80, 30:70, and 40:60 %v/v). The peak tailing is 
avoided using sufficient concentration of 0.01 M PB. The 

composition of mobile phase comprising acetonitrile – 0.01 
M PB (30:70 %v/v) with 0.1% TEA was optimized. The pH of 
mobile phase was adjusted to 3 by addition of orthophosphoric 
acid and further filtered through 0.47 µm membrane filter and 
degassed 20 min by ultrasonication. The mobile phase base 
line was chosen giving the best area count with least band 
tailing for drug. Wash out period was done with mobile phase 
(methanol – water, 70:30% v/v). Asymmetry and retention on 
column were decreased by adding TEA. TH retention time 
was 5.44 min for our RP-HPLC system [Figure 1].

Preparation of standard solutions and plasma 
standards

A standard stock solution (1 µg/ml) of TH in mobile phase 
was prepared and stored at 4°C. A series of seven standard 
solutions (10, 50, 100, 200, 400, 600, and 800 ng/ml) were 
made and the calibration graph was plotted in 10–800 ng/ml 
range for TH (n = 6).

Drug-free rabbit plasma was spiked with various working 
standard solutions to make plasma standard solutions 
which were further diluted to give concentration range of 
10–800 ng/ml. From different stock solution, plasma control 
samples were prepared in concentration of 10, 100, 200, 400, 
and 600 ng/ml.

Plasma sample preparation procedure

One-step liquid-liquid extraction was used to prepare plasma 
samples. In a 4 ml test tube, rabbit plasma (0.25 ml) was 
mixed with 1M NaOH (0.01 ml) and then extracted with 
1.25 ml ethyl acetate, followed by vertexing (10 min) and 
centrifugation (10000 rpm, 10 min). The supernatant organic 
phase was taken into conical flask, further extracted again 
with another 1.25 ml of ethyl acetate. The organic phase was 
dried under a moderate air and reconstituted in 250 ml of a 
mobile phase.[19,20]

Figure 1: Chromatogram of tramadol hydrochloride standard 
solution (100 ng/ml) in reversed-phase high-performance 
liquid chromatography system
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Validation

Developed analytical technique is validated for detection 
of TH in rabbit plasma for following parameters: 
System suitability, linearity, accuracy, precision, limit of 
quantification (LOQ), limit of detection (LOD), recovery, 
and stability.[21]

System suitability

Standard solution of TH (100 ng/ml) was injected 6 times 
in HPLC system and suitability parameters were calculated 
and compared with those mentioned by the Center for Drug 
Evaluation and Research (CDER).[22]

Linearity

The least square technique was used to measure seven 
level calibration series comprising six analyzes at each 
concentration level.[20]

Specificity

Specificity is the capability to measure the analyte precisely 
and accurately without interferences from blank or plasma. 
Diluent and plasma were injected into HPLC system to 
compare the interference using direct comparison technique.

Precision and accuracy

Spiked plasma samples were assayed at four different 
concentrations (10, 200, 400, and 600 ng/ml) as intra-day 
and inter-day for tramadol in mobile phase and the relative 
standard deviation (RSD = 100 × S.D/mean) was computed 
to determine the precision.[23] Accuracy was determined from 
the method by the percent relative error which was calculated 
as [(Concentration found-known concentration) × 100/known 
concentration].[23]

LOQ and detection

The minimum plasma concentration in the calibration graph 
that could be determined with acceptable precision on a 
regular basis was designated as the LOQ (RSD ˂20%).[24] 
LOD was defined as a signal-to-noise ratio of 3.

Recovery

The recovery of TH in rabbit plasma was estimated at four levels 
of the calibration graph by comparing data acquired by direct 
injection of standard solutions to data obtained after the whole 
extraction process. The peak areas obtained from freshly prepared 
sample extracts were compared to those obtained by direct 
injection of standard solutions of the same concentrations.[23]

Stability

Stock solution (10 ng/ml) was stored at 4°C and 25°C for 
at least 1 month and studied for degradation (on day, 7, 14, 

21, and 28). Stability of stock solution is indicated by no 
significant degradation occurred at 1 month.[20]

Preclinical study

Animals

Preclinical study was conducted using eight male adult healthy 
New Zealand rabbits (mean weight ± SD, 3.1 ± 0.4 kg). These 
animals were starved for 12 h before administration of tablets and 
have free access to fresh water during this period. The animals 
were given access to the food 12 h after receiving the tablets. 
The study was carried out in compliance with all ethical criteria 
for laboratory animal investigations, which were authorized by 
the Institution’s Ethics Committee (1505/PO/a/08 CPCSEA 
2020) and were carried out in accordance with the regulations 
and guidelines for the care and use of laboratory animals.[25]

Study design

Preclinical study was performed on eight New Zealand male 
adult rabbits by dividing into two groups. All animals received 
each core tablet and PCT orally. Core tablet and PCTs were 
administered orally by a gastric intubation tube.[26] 20 ml 
of water were given with tablet to ensure tablet which was 
swallowed and entered the stomach at the time of administration. 
Rabbits are kept in retainer, while blood samples (1.5 ml) were 
collected from catheter remaining in the marginal ear vein, 
before administration and 0.25, 0.5, 0.75, 1, 2, 6, 10, 12, and 
and 24 h following administration of core tablets and 30 min, 
1, 2, 3, 4, 5, 6, 8,10, 12, and 24 h following administration of 
PCTs. Blood samples were placed in collection tubes having 
lithium heparin and centrifuged at 2880× g for 10 min, after 
which the plasma was frozen at −30°C until analysis.[27]

Pharmacokinetic study

A graph of the mean plasma concentration versus time profile 
has been plotted. The maximum plasma concentration (Cmax), 
time required to reach peak plasma levels (Tmax), and other 
pharmacokinetic parameters, that is, area under curve from 
zero to time (AUC0-t), AUC from zero to infinity (AUC0-∞), 
elimination rate constant (ke), and elimination half-life (t1/2kel) 
were computed using Kinetica software (Kinetica 20000 
version 3, Inna phase corporation, 2000).

RESULTS AND DISCUSSION

Validation
System suitability

System suitability parameters were calculated using the 
optimized parameters compared with those mentioned by the 
CDER.[22] Each validation run’s system suitability method 
acceptance parameters were within the acceptable criteria 
[Table 1].
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Linearity

The high correlation coefficients (r2) achieved by the 
regression line revealed the linearity of the calibration graph. 
The mean regression equation is y = 6529.3x -20355 [Figure 
2]. The linearity of TH was in the range of 10–800 ng/ml (r2 
= 0.9997). The regression equations were calculated from the 
calibration graph.

Specificity

When plasma and diluent were injected into an HPLC system, 
there was no interference from the diluent and plasma peaks 

at the standard TH peak retention time [Figure 3a and b].

Precision and accuracy

Precision and accuracy were calculated according to formulae 
and expressed as RSD. Precision and accuracy investigations 
revealed acceptable RSD values, relative errors ≤10, and 
good accuracy ≤10 for both intra- and inter-day studies 
(n = 6) [Table 2].

LOQ and detection

LOD of TH in rabbit plasma was 5 ng/ml (signal-to-noise 
ratio = 2.98) [Figure 4], while the LOD of TH in rabbit 
plasma was 5 ng/ml (signal-to-noise ratio = 2.98).

Recovery

The TH extraction recovery of tramadol in rabbit plasma 
was assessed using rapid one-step liquid-liquid extraction 
procedure. Due to its strong polarity and volatility, ethyl 
acetate was chosen as the solvent for our liquid–liquid 
extraction approach.[23] The solvent ethyl acetate provided 
excellent recovery, with absolute tramadol recoveries of 
96–98% from rabbit plasma [Table 3]. No interfering or ghost 
peaks were detected in the blank plasma and plasma samples.

Stability

The stability of TH at various temperatures revealed no 
significant degradation occurred and it is stable at 4 and 25°C 
for at least 1 month [Table 4].

Pharmacokinetic study

The TH plasma concentration at various time intervals 
following oral administration of both core tablet and PCT is 
shown in graph of mean plasma concentration versus time 
profile [Figure 5]. It reveals that PCT maintained therapeutic 
plasma concentration even up to 10 h as compared to core 
tablets, which showed fast decrease in drug concentration 
with time as tablets disintegrated very fast in GIT and resulted 
in quick absorption. The therapeutic index of TH is in range 
of 100–300 ng/ml. The peak plasma concentration (Cmax) and 
time to reach peak concentration (Tmax) of core tablet and PCT 

Table 1: System suitability parameters of tramadol 
hydrochloride (100 ng/ml)

System suitability 
parameter

Observed 
value

Acceptance 
criteria

Percentage RSD 
of peak area

1.38 ˂2

Capacity 
factor

1.50 ˃2

Theoretical plate 
count

638,780 ˃2000

Tailing factor/
asymmetry

0.9 ≤2

RSD: Relative standard deviation

Figure 2: Linearity of tramadol hydrochloride

Figure 3: Chromatogram of (a) drug free rabbit plasma (blank) and (b) standard tramadol hydrochloride (10 ng/ml) in rabbit 
plasma

a b
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core and PCTs was 1803.94 ± 433.86 ngh/ml and 2657.193 
± 519.8 ngh/ml. Elimination rate constant (ke) and half-life 
(t1/2kel) of core tablet and PCT were found to be 0.0908 h-1, 
7.63 h and 0.0711 h-1, and 9.74h-1, respectively.

CONCLUSION

The developed RP-HPLC method was simple, specific, 
accurate, and precise. This method was suitable for 
estimation of TH content in rabbit plasma from PCTs. 
Pharmacokinetic studies revealed lower Cmax and delayed 
Tmax of PCT compared to core tablet indicating minimized 
danger of exceeding therapeutic concentration and lag time 
of 5 h followed by complete drug release in 10 h. Based on 

Table 2: Precision and accuracy data for determination of tramadol hydrochloride in rabbit plasma (n=6)
Intra-day Inter-day
Added 
concentration 
(ng/ml)

Found 
concentration 

(ng/ml)

RSD 
(precision, %)

Accuracy  
(relative error, %)

Found 
concentration  

(ng/ml)

RSD 
(precision, %)

Accuracy  
(relative error, %)

10 9.62 0.99 −3.8 9.81 1.07 −1.9

200 194.15 3.71 −2.92 193.46 3.00 −3.27

400 395.47 2.06 −1.13 396.29 2.57 −0.92

600 593.72 3.27 −1.04 591.92 1.99 −1.46
RSD: Relative standard deviation

Table 3: Assay recovery data of tramadol hydrochloride in rabbit plasma
Added concentration 
(ng/ml)

Found concentration 
(ng/ml)

Recovery 
ratio (%)

Accuracy relative 
 error (%)

RSD (%)

10 9.62 96.20 −3.8 0.78

200 192.26 96.13 −3.87 3.42

400 390.64 97.66 −2.34 1.50

600 589.79 98.29 −1.70 1.38
RSD: Relative standard deviation

Figure 5: Plasma concentration-time profiles of tramadol 
hydrochloride after oral administration of core tablet and 
selected press-coated tablet

Figure 4: Chromatogram for limit of detection

Table 4: Stability of tramadol hydrochloride stock 
solution (10 ng/ml) under different storage conditions
Temperature 
(°C)

Day
0 7 14 21 28

4 101 99 96 94 93

25 102 100 98 95 92

were 409.86 ± 40.46 ng/ml, 289.46 ± 32.58 ng/ml, and 0.75 
± 0.02 h, 10 ± 0.01 h, respectively. Lower Cmax of PCT (with 
in therapeutic index) reveals minimized danger of exceeding 
the maximum therapeutic concentration. Higher Tmax of PCT 
reveals lag time of 5 h followed by drug release which is 
suitable for chronotherapy of RA. AUC0-24 of core and PCTs 
was 1531.26 ± 499.0 ngh/ml and 2293.48 ± 521.8 ngh/ml, 
respectively. Higher AUC0-24 of PCT reveals superiority of 
PCT over core tablet in providing slow drug release with 
a lag time of 5 h and improved bioavailability. AUC0-∞ of 
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the results, this PCT is suitable as chronomodulated delivery 
system for therapy of RA. Hence, PCTs with desired lag time 
followed by drug release were developed which provided 
better chronotherapeutic release characteristics using HPMC 
E50 and HPMC E100 as release modifiers.
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