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ABSTRACT
Aim: The purpose of this study was to determine the pharmacokinetic parameters of 
ibuprofen (IBP) in rabbits following administration of the drug-loaded interpenetrating 
network (IPN) beads and to compare the bioavailability of the drug from IPN beads with 
that from pure IBP and IBP Suspension. Materials and Methods: IPN beads, sodium 
carboxymethyl xanthan and sodium alginate was prepared by inotropic gelation process 
using AlCl3 as a cross linking agent. The plasma drug concentration was determined 
by High Performance Liquid Chromatographic method according to validation guidelines 
2001. The chromatographic separation was carried out in WATERX BDS, C18 column 
with UV detection at 223 nm. Result: Though the maximum plasma concentration (Cmax 

(32.11 ± 2.03)) obtained from pure IBP (control) was higher than that of IBP suspension 
(reference (Cmax 30.05 ± 1.93)) and the time required to reach Cmax (Tmax) was less in the 
control (1.41 ± 0.37) than that of the reference product, the Cmax was significantly less 
and Tmax (2.91 ± 0.5) was higher from the drug loaded IPN beads than those from the 
both control and reference. Conclusions: Moreover, the relative bioavailability of the drug 
from the IPN beads was higher from the both control and reference products. This study 
revealed that IPN beads could be a suitable dosage form for IBP to achieve a sustained 
drug release.
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INTRODUCTION
Pain related disorders are increasing world-
wide and elderly people are mostly affected. 
To overcome this menace, different non-
steroidal anti-inflammatory drugs (NSAID) 
have been incorporated and Ibuprofen 
which is a first member of  propionic acid  
derivative comes into picture. It exhibits poor 
solubility in water, poor compressibility and 
is unstable for tablet preparation by direct  
compression method due to its excessive elastic 
recovery.1 It has Pka 5.3, rapidly absorbed 
after oral administration (45 to 90 min), is 
extensively bound to plasma proteins (99%) 
and has a relatively short elimination half-life  

(55 to 150 min).2 Structure of  Aceclofenac 
(IS) and Ibuprofen are shown in Figure 1. 
A large number of  natural polymers like 
sodium alginate (SAL), chitosan, xanthan 
gum, guar gum, locust bean gum are used as 
hydrophilic matrix forming material because 
of  their bio-compatibility and capacity to  
absorb large quantities of  water or biological  
fluid.3 Xanthan gum is an extracellular poly
saccharide obtained from gram negative  
bacteria Xanthomonas campestris which is exten-
sively used in pharmaceutical formulation as  
suspending, thickening, emulsifying com-
ponent of  matrix tablets and pellets.4 
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However unlike sodium alginate it is not capable of  
forming gelled beads with divalent or trivalent cations  
through ionotropic gelation process. Since the formation 
of  gelled beads depends on the cooperative binding 
between carboxylic acid groups of  polysaccharides with 
cations, it is assumed that number of  carboxylic group 
in native xanthan gum is less. Alginate has been widely 
used in many fields such as cell immobilization, tissue 
engineering, microencapsulation of  nutraceuticals and  
drugs, as well as in food applications as thickening,  
stabilizing and gelling agents and as alginate-based edible 
films and coatings for food products.5 Modification and 
derivatization of  these polymers help in modulating the  
release of  the drug by controlling their swelling capacity.  
Beads prepared by cross linking a single polymer or blend 
of  polymers give rise to sustained release formulation.6

Controlled release or sustained release formulations of   
ibuprofen with non-irritant bio-compatible polymers 
provides protection to the gastro intestinal tract (GIT), 
which is damaged due to the adverse effect of  NSAIDs. 
IBP loaded interpenetrating polymer network (IPN) 
bead has been formulated to reduce the irritation of   
GIT and to release the drug over a prolong period.7  
In vitro study of  IPN beads, prepared from sodium 
carboxy methyl xanthan (SCMX), SAL and IBP in the 
weight ratio 1.5:1.5:1.5 respectively in the presence of  
2% w/v AlCl3 as cross linking agent and gelled for half  
an hour, has shown to improve release by 13-14% in 
two hours in gastric fluid. In simulated intestinal fluid 
however 98%-99.5% drug was released in 4-5 hours.8

Different methods have already been published for 
quantification of  ibuprofen in rabbit plasma, and 
depending upon analytical method modernization, we 
developed a HPLC method for ibuprofen quantifi-
cation in rabbit plasma which is simple, reliable, cost 
effective, reproducible and above all having high level 
of  accuracy and precision. Earlier we have developed 
various formulations of  ibuprofen as a model drug and  
had evaluated their in-vitro parameters.6 A corresponding  
pharmacokinetics study has been conducted by our  
developed method. Here we have also studied in-vitro  
in-vivo correlation (IVIVC) and high correlation coefficient 
value which shows a good correlation exists between 
in-vitro and in-vivo data.

MATERIALS AND METHODS
Ibuprofen (IBP), aceclofenac (Internal standard (IS) 
and xanthan gum were obtained as gift samples from  
M/S Albert David Limited, Kolkata, India. Sodium alginate,  
AlCl3.6H2O, monochloroacetic acid, acetonitrile (HPLC- 
Grade), water (HPLC-Grade) and Sodium dihydrogen  

phosphate were purchased from Merck specialities  
Private Ltd., Mumbai, India. The tube containing 
EDTA-2K (Merck Pvt. Ltd., Mumbai, India) was used 
as anticoagulant for plasma sample of  rabbits. All the 
other reagents used were of  analytical reagent grade. 
Ibugesic suspensions (B.NoDT0741, MFD.SEP.12,  
EXP.AUG.15, Mfd., each 5 ml containing 100 mg  
ibuprofen) were purchased from commercial source.

Preparation of Ibuprofen Loaded IPN Beads
IBP (1.5%), accurately weighed, was uniformly dispersed 
in an aqueous solution containing required proportions 
of  sodium carboxymethyl xanthan gum and sodium 
alginate (1.5:1.5). The IPN beads were prepared by 
extruding the polymeric dispersion (10 ml) containing 
ibuprofen (15 mg), into 2%w/v solution of  aluminum 
chloride at a rate of  2 ml/min, using 21G flat-tip hypo-
dermic needle. The beads were collected by filtration, 
washed and dried to a constant weight at 45°C in hot air 
oven and then kept in desiccators.

Treatment protocol

Animals
The in vivo study was performed following the guide-
lines of  ‘Committee of  Purpose of  Control and Super-
vision of  experiments on Animals (CPCSEA)’, Ministry 
of  Social Justice and Empowerment, Government of   
India and approved protocol by the Institutional Ethics 
Committee, Jadavpur University(CPCSEA, Reg. no. 
367, Kolkata, India). Male New Zealand white rabbits 
weighing 1.5-2.0 kg were grouped and housed in wire  
cages and maintained under standard laboratory condi-
tions (temperature 25 ± 2oC) with 14 h dark: 10 h light 
cycle. Rabbits were acclimatized for one week and they 
were allowed free access to standard dry pellet diet and 
water ad libitum.

Estimation of Ibuprofen from rabbit plasma
Maximum therapeutic oral dose of  IBP in adult human 
is 1200 mg/day. Based on Body Surface Area, the oral 
therapeutic dose in rabbit was nearly 60 mg/kg. Dose 
conversation was done according to proposed formula 
by Food and Drug Administration, 2002.9 The study 
was designed to compare the pharmacokinetic profiles 
of  IBP between the control, reference and IBP loaded 
IPN beads in healthy rabbits. The pure IBP and the IPN  
beads loaded with ibuprofen were suspended in 1%  
carboxy methyl cellulose (CMC) solution. The studies 
were demonstrated on fasting rabbits that were deprived 
of  food but not water for 12 hrs prior to experiment, 
following oral administration of  60 mg/kg pure ibuprofen 
(control), 3 ml/kg Ibujesic suspension (reference) and  
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Sample preparation
For the calibration standards, in a 2-ml micro centrifuge  
tube (Ependroff, USA), 250 μL of  plasma sample, 50 μL 
of  IS (equivalent 25 μg/ml) and 300 μL of  acetonitrile 
were added and mixed for a minute, and then made up 
to 1 ml with acetonitrile. The resulting solution was 
vortexed for 5 min and allowed to stand for 30 min. 
Then centrifuged at 10,000 rpm for 10 min (Cooling 
Microfuge, Remi Instruments, Mumbai, India). The 
supernatant layer was separated and filtered through  
0.22 μm filter and 20 μl injected into the HPLC system.11 

Validation of proposed method
Above method was validated on the basis of  US FDA 
bio-analytical method validation guidelines 2001. It was 
validated for specificity, linearity, accuracy, precision, 
sensitivity, recovery and stability.

Specificity (Selectivity)
In the conference report II, selectivity was defined as  
follows: Selectivity is the ability of  bio-analytical method  
to measure unequivocally and to differentiate the analyte(s) 
in the presence of  components, which may be expected 
to be present.12 The specificity of  the method was done 
by using blank plasma of  6 different sources to test for  
interference at the retention time of  ibuprofen and  
aceclofenac (IS).

Linearity
Seven different concentrations of  ibuprofen with con-
stant IS concentration were spiked to the blank plasma 
as describe previously. The linearity of  calibration curve 
was obtained into the range of  5-100 μg/ml in plasma 
sample and it was obtained from least squares linear 
regression presented with their correlation coefficients.

Accuracy and precision
According to ICH guidelines, precision is the closeness 
of  agreement (degree of  scatter) between a series of  
measurements obtained from multiple sampling of  the 
same homogenous sample under the prescribed con-
dition.13 Accuracy of  an analytical method describes 
the closeness of  mean test results obtained by the true  
value (concentration) of  the analytics. Both repeatability  
(intra-day) and reproducibility (inter-day) were measured 
as follows: solutions containing lowest, intermediate and 
highest concentrations of  the calibration curve i.e. were  
prepared. Six injections at each of  specific concentration  
levels were injected with in the same day for repeatability 
and over a period of  six days for reproducibility.

180 mg/kg IPN beads loaded with ibuprofen (test) in  
three different groups (each group contained six rabbits). 
Blood samples (0.5 ml) were collected from marginal ear  
vain of  rabbits by small 27-gauge needle at a predeter-
mined time interval of  pre-dose, 0.5, 1.0, 1.5, 2.5, 3.0, 
3.5, 4.0, 6.0, 12.0 and 24.0 hrs into the tubes containing 
EDTA-2K as an anticoagulant. Plasma was separated 
immediately by centrifuging the blood at 3500 rpm for 
15 min under refrigeration. Immediately after centrifu-
gation the plasma was homogenized and stored at -20°C 
until analyzed.10

Instrument and Chromatographic conditions
The concentrations of  IBP in rabbit plasma were measured  
by High Performance Liquid Chromatography (Model-
AMI2010; Analytical Technology Ltd.) system consisting  
of  ANALCHROM Chromatography Workstation V.2.22 
for the analysis and CLARITY software for the chroma
togram analysis. The purity determination was performed 
on a stainless steel column (WATERX, SN 6820, 250×4 
mm, Esquire ODS2 5 µm) with Octadecyl silane (ODS) 
chemically bonded to porous silica particles of  5 μm  
diameter with ASPD detector and ALC pump (Analytical  
Technology Ltd., Gujarat, India). The mobile phase 
consisted of  acetonitrile and phosphate buffer in the 
ratio of  50:50 (v/v, pH 4.16) at ambient temperature 
and the flow rate was kept at 1.0 ml/min. The sample 
of  20 μl was injected through rheodyne injector system 
fitted with fixed 20 μl fixed loop. The elution was moni-
tored using UV detection at 223 nm.

Preparation of stock and standard solution
The stock solutions of  1.0 mg/ml of  the analyte (IBP) 
and 0.5 mg/ml of  aceclofenac used as Internal Standard 
(IS), were prepared in acetonitrile. Working solution of   
different concentrations was prepared from above  
mention stock solution by diluting with mobile phase 
afresh before use.

Preparation of calibration standards and quality 
control (QC) sample
Seven point calibration curve was prepared by spiking  
appropriate amounts of  working solution into the blank  
plasma to obtain final concentration of  5,10,20,40,60, 
80,100 μg/ml for the analysis. The Quality control (QC) 
samples were prepared to obtain the final concentration  
of  15 μg/ml (low QC), 45 μg/ml (mid QC) and 90 μg/ml 
(high QC) μg/ml. A working IS solution of  25 μg/ml 
was prepared in mobile phase. All stock solutions and  
working standard solutions were stored in polypropylene 
vials in a -20°C freezer.
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Sensitivity
The limit of  detection (LOD) and lower limit of  quan-
tification (LLOQ) were determined by the following 
equation:

LOD or LLOQ 
Where K is constant (3 for LOD and 10 for LLOQ),  
Sb is the standard deviation of  the analytical signal, and 
S is the slope of  the concentration/response graph. 
As per International Organization for Standardization 
(ISO) the slope of  the calibration defined the instru-
mental sensitivity response.14

Recovery
Recovery is not improtant validation parameter regarded 
as essential by the conference report. Most authors say 
that the value of  recovery is not important, as long as 
the data from LLOQ, LOQ, precision and accuracy  
are acceptable.14 Recovery was determined by measuring 
the peak area responses from plasma sample spiked 
with particular standard working solution of  analyte 
before extraction with those from the drug-free plasma 
samples extracted and the spiked with the same concen-
tration of  the analyte after extraction.

Stability
Chemical stability of  an analyte is done in a given matrix  
under specific condition for a given time interval. Stability 
of  ibuprofen in plasma sample was evaluated with three  
studies: 8 hr bench top, 24 hr ambient temperature,  
1 month frozen (at -20ºC). Six replicates of  three QC 
samples at concentration of  15 µg/ml (LOQ), 45 µg/ml 
(MCQ), 90 µg/ml (HCQ) was prepared and subsequent 
HPLC analysis was carried out as describe previously.

Pharmacokinetic analysis 
Above said analytical method was successfully applied in 
a pharmacokinetics study of  Ibuprofen in rabbits. Using 
the non-compartmental approach, plasma levels of  IBP 
were employed to compute their individual disposition 
kinetics, viz, Cmax (maximum plasma concentration), 
Tmax (time to reach maximum plasma concentration), 
AUC 0-t (area under plasma concentration-time curve, 
0 to 12 hr), AUC0-∞ (area under plasma concentration 
time curve, 0 to infinity), Kel (elimination rate constant) 
and t1/2 (elimination half-life). These pharmacokinetic 
parameters were calculated using PK Solutions 2.0 TM. 
Here we use non-compartmental pharmacokinetic data 
analysis procedure.
The rate of  absorption was evaluated by means of  the 
ratio of  Cmax/AUC0-∞. The rate of  clearance (CL) and the  
relative bioavailability (Fr) were calculated according to  

the equation Dose/AUC0-∞ and, Mean AUC0-t (test)/Mean 
AUC 0-t (reference) × 100%. These pharmacokinetic  
parameters were performed on a personal computer 
using the program Microsoft Excel® 2007 (Microsoft Co., 
USA).

In-vitro In-vivo correlation (IVIVC)
A USP PF (United state pharmacopeia (USP), Pharma-
copoeial Forum (PF)) Stimuli Article in July 1988 estab-
lishes the classification of  IVIVC into level A, B and C, 
which are currently use. Level A correlation is usually  
estimated by two stage procedure: deconvolution follo
wed by comparison of  the fraction of  drug absorbed 
to the fraction of  drug dissolved. A correlation of  this 
type is generally linear and represents a point to point 
relationship between in-vitro dissolution and in-vivo input  
rate. One alternative is based on a convolution pro-
cedure that models the relationship between in-vitro  
dissolution and plasma concentration in single step.
In the present study a level A correlation was established 
using de-convolution method. The software Kinetica 
5.1 was used performed numerical deconvolution on 
slow, moderate and fast release formulation.

Statistical Data Analysis
Statistical data analysis was performed by one way 
ANOVA between the various groups. A P value of  < 0.05 
was considered statistically significant.

RESULTS AND DISCUSSION

Validation of the propose method 
Calibration curve
The calibration curve was constructed by plotting the 
peak area ratio (f) of  ibuprofen to IS versus the nominal  
concentration (C) of  the analyte. The plasma calibration 
curves were found to be linear over the concentration 
range of  5 to 100 μg/ml with correlation coefficient 
0.999, indicating a strong linear relationship between  
the variable. The standard curve had a reliable repro-
ducibility over the standard concentrations across the 
calibration range. The linearity was determined by linear  
regression analysis. The regression equation of  the cali-
bration curve was then used to calculate the concentra-
tion of  ibuprofen in rabbit plasma. The back calculated 
values of  the concentrations were then statistically 
evaluated. The back calculated concentrations (mean 
± S.D.) from the representative calibration standards 
by HPLC determination for ibuprofen and the corre-
sponding regression equations are given in Table 1. The 
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Table 1: Linear Regression Data for the determination of ibuprofen 
added to rabbit plasma (n=6)

Spike Concentration in μg/ml Measured concentration in μg/ml 
(Mean ± SD )

5 4.952 ± 0.58

10 10.91 ± 1.41

20 20.68 ± 2.41

40 39.22 ± 2.19

60 58.09 ± 4.05

80 81.21 ± 2.65

10 100.732 ± 4.9

Equation
R2 

f= 0.026x + 0.048
0.999

Mean peak area ratios of Ibuprofen to IS presented by f. R2 (Correlation coefficient) is the linearity of the 
calibration curve used for this treatment.

Table 2:  Accuracy and precision of the HPLC method for determination of 
IBP in rabbit plasma (n=6)

Nomimal 
concentration(μg/ml)

Measured
concentration (μg/ml)

[Mean]

SD Accuracy 
(%)

Precision
RSD(%)

Intra-day assay
LLOQ (5 μg/mL) 5.27 0.70 105.54 13.38

LQC (15 μg/mL) 15.59 2.23 103.94 14.38

MQC (45 μg/mL) 44.09 2.83 97.98 6.42

HQC (90 μg/mL) 94.97 6.91 105.52 7.27

Inter-day assay
LLOQ (5 μg/mL) 4.777 0.41 95.54 8.64

LQC (15 μg/mL) 15.79 0.67 105.31 4.22

MQC (45 μg/mL) 44.31 2.58 94.48 5.83

HQC (90 μg/mL) 89.09 8.34 98.99 9.36
Accuracy (%), [(measured concentration/spike concentration) X 100]; RSD (%), Relative Standard Deviation [(SD/
mean) ¥ 100].

Table 3: Recovery effect evaluation of Ibuprofen in rabbit plasma 
(n=6)

Spike Concentration in μg/ml Recovery (%)
LLOQ (5) 88.79066

LQC (15) 93.14888

MQC (45) 98.502

HQC (90) 106.3717
The data represented is the percentage of measured value vs. theoretical value with RSD in parentheses 
(n=6). R2 is the correlation coefficient of the calibration curve.

Table 4: Short-term and long-term stability data of IBP in rabbit plasma
Storage Condition LQC (15 μg/ml) MQC (45 μg/ml) HQC (90 μg/ml) R2

8 h bench top 90.89 (11.38) 100.66 (4.40) 97.84 (6.81) 0.996

24 h ambient temp. 101.89 (12.88) 96.01n (7.32) 103.00 (10.15) 0.989

1 month frozen
(-20 o C)

89.6 (13.79) 87.08 (14.54) 88.35 (10.42) 0.995
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Table 6: The P values are determined on the basis of one way ANOVA.  
A P value of <0.05 is considered significant

P value Cmax Tmax AUC0-t AUC0-∞ t1/2 Kel CL Cmax/ AUC0-∞

0.004 0.0001< 0.077 0.028 0.138 0.096 0.036 0.001

Table 5:  Comparitive pharmacokinetic parameters of IBP 
Pharmacokinetic

Parameters
Pure IBP(control) Ibujesic  

suspension(reference)
IBP loaded IPN beads (test)

Cmax (μg /ml) 32.11 ± 2.03 30.05 ± 1.93 27.29 ± 2.25

Tmax (h) 1.41 ± 0.37 1.58 ± 0.38 2.91 ± 0.5

AUC0-∞ (μg.h/ml) 163.34 ± 10.06 163.21 ± 10.03 183.70 ± 18.40

AUC0-t (μg.h/ml) 129.98 ± 5.48 125.62 ± 5.77 141.70 ± 18.58

t1/2 (h) 4.30 ± 0.37 4.70 ± 0.33 4.80 ± 0.56

Kel (h
-1) 0.16 ± 0.02 0.15 ±0.01 0.15 ± 0.02

CL (L/Kg.h) 0.36 ± 0.02 0.37 ±0.03 0.34 ± .03

Cmax/ AUC0-∞ (h-1) 0.20 ± 0.02 0.19 ± 0.02 0.15 ± .02

Fr (%) N.A N.A 112.79 (compared with reference)
109.02 (compared with control)

All the values are represented as Mean ± SD and n=6 rabbits were used.

linear regression was calculated using Microsoft Excel® 
program.

Accuracy and precision
The intra-day and inter-day precision and accuracy 
for the plasma ibuprofen are summarized in Table 2. 
Results showed that the intra-day accuracy ranges from 
97.98 % to105.54 % and the intra-day precision was 
between 6.4% to 14.28%. The inter-day accuracy ranges 

from 95.54% to 105.30% and the inter-day precision 
was between 4.22% to 9.36%.

Specificity
The retention times for analyte and IS were 8.53 and  
3.77 min respectively. No significant interfering peaks 
from endogenous compounds were observed at the reten-
tion times of  analyte and IS. The total chromatographic 
run time was 10 min. No interfering peaks at retention 
times were found in the chromatogram obtained from 
the blank plasma, as the area of  analytes and internal  
standard did not differ in the case of  successive analysis  
of  matrix from different individual. The results are 
shown in Figure 2,3,4 and 5.

Sensitivity
Additional evaluation of  the lower limit of  quantitation 
(LLOQ) confirmed that those concentrations fit with 
the proposed criteria. It is clear that (from Table 1) our 
method exhibited good sensitivity.

Recovery
The extraction recovery results are shown in Table 3. 
Recovery was calculated as the response ratio (analyte  
peak area/IS peak area) measured in pre-extraction  
ibuprofen spiked samples (n=6), as a percentage of  that 
measured from post extraction ibuprofen spiked samples 
(n=6). Results showed that the recovery of  analyte 
ranges from 88.79% to 106.37%.

Figure 1: Structure of Aceclofenac (IS) and Ibuprofen.
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Figure 2: HPLC chromatogram of blank plasma.

Figure 3: HPLC  chromatogram plasma sipked with IS (25 μg/
ml).

Stability
The stability of  ibuprofen in rabbit plasma was deter-
mined in various condition which was described earlier. 
The results of  stability of  ibuprofen in rabbit plasma are 
shown in Table 4.
The samples remained within acceptable limits of  accu-
racy and precision. After 8 hrs exposure in bench top the 
accuracy and precision range from 90.88% to100.66% 
and 4.40% to11.38% respectively. 
In case of  24 hrs at ambient temperature the accuracy 
and precision vary from 96.01 % to 103% and 7.32 % 
to 12.88%. For long term stability (1 month at -20oC) 
results showed that the accuracy ranges from 87.01 % 
to 89.6% and the precision ranges from 10.42 % to 
14.54%.

Pharmacokinetic analysis
In this study, the pharmacokinetic parameters Cmax, Tmax, 
AUC0-t, AUC0-∞, Kel, t1/2, CL, Cmax/AUC0-∞ and Fr were 

Figure 4: HPLC chromatogram of a calibrator spiked with IBP 
(25 μg/ml) and IS (25 μg/ml).

Figure 5: HPLC chromatogram of a plasma sample 1.5 h after 
administration of IBP loaded IPN beads.

Figure 6: Mean plasma concentration - time curves of IBP 
after a single oral administration (n=6). All the values are 

represented as Mean ± SD.

Figure 7: In vitro–in vivo correlation (IVIVC) between in vivo 
% of drug absorbed vs. in vitro % drug released of IPN beads 

loaded ibuprofen.
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used to compare the test formulation (IPN beads loaded 
with IBP) against the pure IBP (control) and Ibujesic 
Suspension (reference). These pharmacokinetic (PK) 
parameters derived from the plasma IBP data are sum-
marized in Table 5. The plasma concentration (mean ± 
SD) of  ibuprofen attained at different time intervals, 
following oral administration of  control, reference and  
the test formulation are depicted in Figure 6. Table 6 shows 
the P values of  different pharmacokinetic parameters.
The main aim of  this study was to compare the bio-
availability of  the test formulation with control and the 
reference product. The prominent parameters used to 
measure bioavailability were AUC0-t and AUC0-∞ and 
absorption rate were indicated by Cmax, Tmax and Cmax/ 
AUC0-∞. While the Cmax (mean ± SD) value for the  
Control (32.11 ± 2.03 μg/ml) and reference (30.05 ± 
1.93 μg/ml) reached quickly and then fell rapidly, the 
Cmax of  test formulation (27.29 ± 2.25 μg/ml) rises 
slowly as well as falls slowly (P<0.05). The Tmax (mean 
± SD) value for the control(1.41 ± 0.37 h) and reference 
(1.58 ± 0.38 h) were lower in comparison with the test  
formulation (2.91 ± 0.5 h) which revealed that the formu
lation has lower rate of  absorption than the control and 
reference (P <0.0001). This can also be attributed from 
the Cmax/AUC0-∞ pharmacokinetic parameter which  
confirmed that the test formulation (0.15 ± 0.02 h-1)  
has lower absorption rate with respect to the control 
(0.20 ± 0.02 h-1) and reference (0.19 ± 0.02 h-1). The 
difference between the groups were found to be statisti-
cally significant at P<0.05. 
The extent of  absorption (bioavailability) e.g AUC0-t and 
AUC0-∞ were found to be higher in the test formulation 
(141.70 ± 18.58 μg.h/ml and 183.70 ± 18.40 μg.h/ml) 
with respect to the control (129.98 ± 5.48 μg.h/ml and 
163.34 ± 10.06 μg.h/ml) and the reference (125.62 ± 
5.77 μg.h/ml and 163.21 ± 10.03 μg.h/ml). While the 
statistical difference between the groups was found to 
be insignificant in case of  AUC0-t (P>0.05), significant  
difference in AUC0-∞ (P<0.05) was noted. Moreover signi
ficantly higher t1/2 (4.80 ± 0.56 h) value was noted with 
the test formulation than the control and the reference. 
The rate of  clearance (CL) was also slower in the test 
formulation (0.34 ± 0.03 L/Kg.h) in comparison with  
others. Although the Kel of  the test formulation (0.15 ±  
0.02 h-1) was almost similar to that of  the reference 
(0.15 ± 0.01 h-1), the parameter differed with respect 
to control (0.16 ± 0.02 h-1). The relative bioavailabil-
ity obtained with the test formulation was 109.02% and  
112.79% when compared with the control and reference 
respectively.

It can be concluded from the studies of  the above 
experimental Pharmacokinetic parameters that ibuprofen  
loaded IPN beads developed through dispersion of  
SCMX: SAL: IBP in the ratio 1.5:1.5:1.5 in 2% aluminum 
chloride solution which acts as cross linking agent, can 
provide sustained release of  the drug.

In vitro in vivo correlation (IVIVC)
To assess the viability and validity of  the sustaining 
nature of  IPN beads, IVIVC study is essential, since 
prolonged release products may be especially suited for 
this kind of  study. Level A correlation is considered to 
be most informative of  all levels of  correlation. When 
the drug released from our best optimized formulation  
was plotted against the drug absorbed, a linear correla-
tion was obtained (Figure 7). A higher value of  correlation  
coefficient suggested that a good correlation exist 
between in vitro and in vivo data.

CONCLUSION
The bioanalytical method was simple and rapid for the 
determination of  IBP in rabbit plasma. A one-step pro-
tein precipitation provided a simple, rapid and economic 
procedure. Other methods described in the literature 
use sophisticated techniques for the quantification of  
IBP in biological matrices, like LC-MS and fluorescence 
spectroscopy.15,16 Despite the high sensitivity of  these 
techniques, there is high cost as well as a lot of  time 
spent with clean up and extraction of  drug. This HPLC 
analysis method showed excellent precision, accuracy, 
stability, specificity and recovery. Therefore, this method 
was suitable and applied to monitor the concentration 
of  IBP in rabbit plasma.
It is concluded from our research work that in vivo 
IPN beads loaded with IBP possesses sustained the 
anti inflammatory action for a prolong time with less 
side effect. The present experiment revealed that the 
pharmacokinetic profiles, mainly bio-availability of  IPN 
beads loaded with IBP is much better than the marketed 
formulation of  Ibugesic suspension. Based on our 
research finding, the modern formulation of  IBP can be 
introduced in the market for better patient compliance.

ACKNOWLEDGEMENT 
The authors wish to thank University grant commission 
(UGC), New Delhi for the financial assistance rendered 
for completing this valuable study. Authors also wish to 
thanks Jadavpur University, Kolkata, M/S Albert David 
Limited and M/S Deys Medical Stores (Mfg) for gifting 



Karan et al.: Comparative Pharmacokinetic Study and Quantification of Ibuprofen released from biological macromolecules

450� Indian Journal of Pharmaceutical Education and Research | Vol 50 | Issue 3 | Jul-Sep, 2016

IBP (Indian Pharmacopoeia) and xanthan gum for the 
present research work. 

CONFLICT OF INTEREST
The authors have no conflict of  interest to declare.

ABBREVIATION USED 
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SUMMARY
•	 Ibuprofen beads, sodium carboxymethyl xanthan and sodium alginate was prepared by inotropic gelation 

process using AlCl3 as a cross linking agent.
•	 The pharmacokinetic parameters of ibuprofen (IBP) in rabbits were determined to compare the bioavailability 

of the drug from IPN beads with that from pure IBP and IBP Suspension. Based on research finding the rela-
tive bioavailability of Ibuprofen from the IPN beads was higher from the both control and reference products. 

•	 The present research work revealed that IPN beads could be a suitable dosage form for IBP to achieve a 
sustained drug release


