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Abstract: The aim of the present work is to formulate and evaluate a chrono modulated delivery system to
achieve time specific release and development of new sensitive and simple analytical method by HPLC for
application in the drug quality control. In this study Propranolol hydrochloride was selected as the model drug.
The outer shell was formulated with different weight ratios of hydroxy propyl metyl cellulose K4M and Ethyl
cellulose to achieve the pre determined lag time by press coating technique. The lag phase was markedly
dependent on weight ratios of hydroxy propyl metyl cellulose K4M and Ethyl cellulose. The best suited time
lag was found of 6 hours for formulation F4. The present work also describes a new, simple, precise and
accurate HPLC method for estimation of propranolol hydrochloride. Chromatographic separation of the drugs
was achieved on a C18HS (250mm x 4.6mm, Particle size 5µm) using methanol: acetonitrile: tetrahydrofuran in
the ratio 90: 05: 05 (v/v/v). The validation data indicates the suitability of the developed chromatographic
method.
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INTRODUCTION widely used in the treatment of hypertension, angina

Time controlled formulations are increasingly being cardiovascular disorders. However for such disease states
considered as desirable mode of drug delivery system due conventional drug delivery systems of PHCL is not
to growing importance of circadian rhythm with respect to appropriate as patients are in sleeping state. Recent
physiology, drug action and disease state. At present advancement in the drug delivery system especially “time
drug must be administered not only in the right amount at release drug delivery system” aims at achieving peak
a controlled rate but also at right time. Besides the plasma concentration at the peak time of symtomatology.
physiological functions symtomatology of several In the present investigation the best suitable time release
diseases also exhibit circadian rhythm. Results of several tablet of PHCL was developed taking ethyl cellulose and
epidemiology studies reveal the elevated risk of different hyhroxy propyl methyl cellulose as press coating material
pathologies during 24 h cycle [1]. Specifically symtoms of [2-3] and its method validation by HPLC. A few analytical
rheumatoid arthritis, epilepsy, asthma appear to be in peak methods have been described in the literature for the
during night or in early morning.Ischemic heart disease determination of PHCL.This study describes a simple,
such as angina pectoris and myocardial infraction are accurate, precise, reproducible and economical HPLC
more frequent in the early morning. Blood pressure which method for determination of PHCL in bulk and tablet
arises notably just before waking is usually responsible dosage form.
for the attacks. Propranolol hydrochloride
(PHCl),chemically 1-(isopropylamino)-3-(1-naphthyloxy)- Experimental: Propranolol hydrochloride was a gift
2-propanol is selected as model drug for the present sample from Cipla Lab. Ltd., Mumbai. Hydroxy propyl
study, is a nonselective beta-adrenergic blocking agent metyl cellulose K4M(HPMC K4M), Ethyl cellulose(EC)

pectoris, cardiac arrhythmias and many other
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was procured from Genuine Chemicals, India.
Microcrystalline Cellulose 101 (MCC 101), Lactose DC
were procured from Nice Chemicals, Nagpur. Other
materials used were of analytical grade. The solvents used
for preparation of solutions and mobile phase, methanol,
acetonitrile, tetrahydrofuran and triethylamine were of
HPLC grade.

MATERIALS AND METHODS

Preparation of Core Tablet: The inner core tablets were
prepared by direct compression method. Powder mixtures
of PHCL, MCC 101, lactose DC, starch were blended for 20
mins followed by addition of talc and magnesium
stearate.The mixtures were further blended for 10 mins and
then compressed into tablets (ave. wt = 120mg) using
rotary tablet machine equipped with 6 mm concave faced
punch. Table 1 lists the core composition of tablet.

Preparation of Press Coated Tablet: Different weight
ratios of EC and HPMC K4M (wt/wt) were prepared as
shown in Table 2. Half (150 mg) of the powder mixture was
filled into a dia cavity of 10 mm diameter and core tablet
was placed manually in the centre.The remaining half of
the coating material was used to fill the die and
compressed with sufficient compression force to get the
compression coated tablet of avg. wt.320mg [4].

Evaluation of Tablet: The physicochemical tests like
weight varition, hardness, disintegration and friability
were done as per IP method.

In vitro Dissolution Study: To varify how the
composition of press coating material affect the drug
release from the core in vitro dissolution study was
performed. The test was carried out in USP dissolution
paddle assembly using 0.1 HCL for the first 2 hrs and then
the tablet was transfered to 6.8 phosphate buffer till
complete release was observed. The amount of drug
release was measured at suitable time intervals at 289 nm
spectrophotometrically [5].

Instrumentation and Chromatographic Conditions for
Assay: The chromatographic system consisted of a
JASCO (Japan) chromatograph equipped with an LC – Net
II/ADC, an MU – 2010 Plus PDA Detector, a PU – 2089
Plus quaternary pump, an online degasser  and a
rheodyne model 7725 injector valve with 20µl sample loop.
The   chromatograph     is     coupled    with   “Chrompass”

Table 1: Composition of Core Tablet
Ingredients Amount (mg)
Drug 40
MCC 102 53
Lactose DC 20
Starch 5.2
Talc 1.2
Magnesium stearate 0.6
Total 120

Table 2: Composition for press coating
Ingredients F1 F2 F3 F4 F5 F6
EC% 100 - 75 60 40 25
HPMCK4M% - 100 25 40 60 75

software (version 1.7.403.1). Separation of RTV was done
on a HiQSil C18HS (250mm x 4.6mm, Particle size 5µm,
KYATECH, Japan) under reverse phase partition
chromatographic conditions. The separation was
achieved using the solvent system methanol: acetonitrile:
tetrahydrofuran in the ratio 90: 05: 05 (v/v/v). 2 drops of
triethylamine was added in 100ml of methanol used in
mobile phase. The flow rate was 1ml/min and the injection
volume was 10µg/ml. The UV detection was done at
290nm.

Preparation of Standard Solutions and Standard
Calibration Curve: A stock solution of PHCL was
prepared in 100% methanol to get concentration of
100µg/mL. From these individual stock solutions, serial
dilutions were prepared in the concentration range of 10
-100 µg/ml. All the dilutions were prepared with methanol.
The prepared samples were filtered through 0.45µm nylon
membrane filter before injection. The injection volume was
10µl. The standard calibration curves for both the
methods were plotted by AUC Vs Concentration at
290nm.

Sample Preparation: The formulated and marketed PHCL
tablets were extracted with methanol. Twenty tablets were
weighed carefully, average weight was calculated and
equivalent amount of solid contents were weighed
accurately. Weighed amount was dissolved in methanol
for 6hrs and extracted with occasional shaking and
sonication to prepare the sample solution of
concentration 1000µg/ml. Desired dilution of sample
solution was prepared. The sample was filtered through
Whatman filter paper No 41, then through 0.45µm nylon
membrane filter before injection.

Method  Validation:  The  method  was validated
according to the ICH guidelines. The validation
characteristics      were         addressed:        linearity     and
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range,   accuracy,    precision,      limit      of   detection LOD = 3.3  / S (1)
and  limit  of  quantification,  robustness  and specificity
[6-7]. LOQ = 10  / S (2)

Linearity and Range: Standard calibration curves were where ‘ ’ is the standard deviation of y-intercept and ‘S’
prepared with six standard dilutions over a concentration is the slope of calibration curve.
range of 10 - 100µg/ml (10, 20, 40, 60, 80 and 100 µg/ml) for
PHCL.  Each  concentration  was  injected  in  triplicate. Robustness: To evaluate method robustness few
The linearity was determined by plotting the standard parameters were varied. The variation was done in
calibration curve by area under  curve  Vs  concentration. composition of solvent system (±2% of organic phase),
The correlation coefficient was calculated by six point flow rate (±0.2 ml/min), wavelength (±2 nm). Robustness
linear least square regression method. was done in triplicate at a concentration level of 40µg/ml

Accuracy: Accuracy was determined by recovery study factor were calculated.
by standard addition method. The standard was added to
a preanalyzed sample at a concentration level of 80%, Specificity: Specificity of the method was determined by
100% and 120%. 32µg/ml, 40µg/ml and 48µg/ml of analyzing the system suitability standard plus drug
standard solution were added to preanalyzed sample of products by various manufacturers. To evaluate the
40µg/ml. Each solution was injected in triplicate and specificity of the method, one brands of PHCL was
recovery was calculated by comparing the peak area with selected and compared with the optimized formulation in
the peak area of standard solution of same concentration. presence of excipients, injected in triplicate and the effect

Precision: Precision of the method  was  assessed in capacity factor, tailing factor and no. of theoretical plates.
terms of intra-day and inter-day assay of the sample.
System repeatability was determined by six times RESULT AND DISCUSSION
measurement of three concentration of a sample solution.
The concentration of  active  substance  was  expressed The press coated technique is one of the best
in terms of mean ±relative standard deviation (% S.D.). methods to develop time controlled release formulation.
The repeatability of sample assay on the same day Results of physical characteristics of presscoated tablets
accounts for intra-day precision. Inter-day precision was were listed in Table 3. The datas were found within the IP
assessed by assay  of three  concentrations for six limit. The release profile of press coated tablet exibited a
different days. time period without drug release (lag time) followed by

Limit of Detection and Limit of Quantification: Limit of in the lag time of the formulations was attributed to the
detection is the lowest amount of analyte in a sample that nature of polymeric coating, EC being hydrophobic and
can be detected but not necessarily quantitated. Limit of HPMC hydrophillic in nature. The longer lag time of
quantification is the lowest amount of analyte that can be formulation prepared by EC alone in the outer shell might
detected in a sample with accuracy and precision. In both be due to less penetration of medium to destruct the
the methods, LOD and LOQ was determined using the barrier shell. However addition of HPMC reduces the lag
following equation. time,  showing  a  least  lag  time  for HPMC coating alone.

and the S.D of retention time; capacity factor and tailing

of excipients were studied in respect to retention time,

complete release phase as shown in Fig. 1. The variation

Table 3: Evaluation parameters of press coated tablets
Formulation Weight Variation(mg) Thickness (mm) Hardness (N) Disintegration Time (min)  % Friability
F! 320-321 7±.03 321±.56 560±.95 .56±.21
F2 320.5-321 7±.02 159±.52 340±.65 .69±.23
F3 320.4-321.2 7±.05 186±.41 405±.81 .46±.13
F4 320.2-320.8 7±.02 214±.35 532±.84 .49±.12
F5 320-321 7±.02 175±.41 501±.64 .56±.14
F6 320.4-320.8 7±.03 158±.43 376±.67 .65±.17
*Mean of three determinations
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Table 4: Linear regression data for calibration curves
Parameters
Linearity range (µg/ml) 10 -100
r±S.D. 0.9997±0.0003
Slope±S.D. 25295±1.18
Intercept±S.D. 49599±1.62

Table 5: Accuracy of the method
Name of the formulation Amount of sample taken (µg/ml) Amount of standard added (µg/ml) Amount found* (µg/ml) Mean*(%)±S.D
F 40 32 71.95 99.95±0.0734

40 40 79.85
40 48 87.92

*Mean of five determinations

Table 6: Precision of the method
Name of the formulation Intra-day precision (n = 3) Inter-day precision (n = 6)

Mean*(%)±S.D Mean*(%)±S.D
F 99.88±0.67 99.62±0.854

*Mean of three determinations

Table 7: Robustness of method 
Parameters

Chromatographic changes ------------------------------------------------------------------------------------------------------------
Factors levels R * (min) K* T*t

methanol: acetonitrile: tetrahydrofuran 90: 05: 05 (v/v/v) 92: 03: 05 3.25 2.57 0.97
90: 05: 05 3.3 2.62 1.01
88: 07: 05 3.39 2.72 1.09

Mean±S.D. (n = 3) 3.31±0.07 2.63±0.07 1.02±0.06
Change in the flow rate (ml/min) 0.8 3.75 3.12 1.11

1.0 3.3 2.62 1.01
1.2 3.16 2.47 0.95

Mean±S.D. (n = 3) 3.50±0.32 2.73±0.34 1.02±0.08
Wavelength (nm) 288 3.27 2.59 1.00

290 3.3 2.62 1.01
292 3.44 2.78 1.03

Mean±S.D. (n = 3) 3.33±0.09 2.66±0.10 1.01±0.02
*R  , K, T are retention time, capacity factor and tailing factor respectivelyt

The hydrophillic nature of HPMC helped the release of required; the drug can be separated in room temperature
drug from inner core after ruptering the surrounding shell, For validation of chromatographic conditions different
since an inner osmotic pressure caused by dissolving solvents were tried for good separation  and
drug was built up within the core. Basing on release quantification of the drug. The mobile phase consisting
profile fomulation F4 was found to show optimise lag time methanol:  acetonitrile:  tetrahydrofuran   in  the ratio of
of around 6 hrs. In the present  study  a  simple,   fast  and 90: 05: 05(v/v/v) gave the good separation of PHCL. But
cost effective method was developed for the the asymmetrical factor was more. So 2 drops of
quantification of PHCL in bulk and developed formulation. triethylamine was added in 100ml of methanol to reduce
As comparison to other reported chromatographic the asymmetrical  factor. After addition of
methods, in this developed method PHCL eluted faster triethylaminethe asymmetrical factor was found to be
with very good resolution. The isocratic method with 1.1±0.05. The retention time was found at 3.3±0.1 mins.
simple    solvents       like      methanol,    acetonitrile  and PHCL showed good correlation coefficient in
tetrahydrofuran avoids the problems associated with concentration range of 10 - 100µg/ml with a value of
mobile phases containing buffers. Mobile phases 0.9997±0.0003 (Table 4). For linearity calibration graphs
containing buffer systems requires preparation of buffer was validated by high value of correlation coefficient and
freshly, maintenance of pH, long equilibration time for the S.D. for intercept value was less than 2%. Recovery
columns, long washing of columns after analysis, in this study was done by extraction and subsequent
method all these problems are avoided. No special quantification of PHCL in preanalyzed sample by
conditions of maintaining the column temperature are standard addition method at the level of 80, 100 and 120%.
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Fig. 1: Comparative dissolution study

Fig. 2: Representative chromatogram of standard Propranolol hydrochloride

Fig. 3: Representative chromatogram of marketed formulation of Propranolol hydrochloride

Fig. 4: Representative chromatogram of optimized formulation of Propranolol hydrochloride
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 The mean recoveries for PHCL are listed in Table 5. From REFERENCES
the results of recovery study it was clear that the method
enables very accurate quantitative estimation of PHCL 1. Bussemer, T., I. Otto and R. Bodmeier, 2001. Pulsatile
with a standarddeviation of < 1. The intra-day and inter- drug delivery systems. Crit. Rev. Ther. Drug Carrier
day precision were  determined  by  assaying  the  tablet Syst., 18(5): 433-58.
for   three    different    concentrations    in   a   day  and for 2. Chaudhari,  S.P.,   P.D.   Chaudhari,    C.J.   Mistry,
consecutive six days and expressed as relative standard M.J. Patil and N.S. Barhate, 2007. Effect of core
deviation. The relative standard deviations were below 2 coating composition on drug release from directly
% (Table 6), which signifies the precision of both the compressed time controlled release tablets. Pharm.
results. The Limit of Detection and Limit of Quantification Tech., 31(4): 132.
values were found to be 5.7µg/ml and 0.75µg/ml 3. Lin, S.Y., K.H. Lin and M.J. Li, 2001. Micronized
respectively  which  suggest  that  a  nanogram  quantity Ethylcellulose Used for Designing a Directly
of  both  the  compounds can be estimated accurately. Compressed Time-Controlled Disintegration Tablet.
The method robustness was performed by varying the J. Cont. Rel., 70: 321-28.
separation conditions slightly like composition of solvent 4. Lin, S.Y., M.J. Li and K.H. Lin, 2004. Hydrophillic
system, flow rate and wavelength and results were listed modulated the time lag of controlled disintegrating
in Table 7. From the robustness study it was observed press   coated    tablets.  AAPS  Pharm  Sci. Tech.,
that there were no marked changes  in  the  parameters 5(4): 1-11.
that  suggest  that  the  developed  method  is  robust. 5.  Sangalli,  M.E.,   A.  Maroni,  A.  Foppoli,  L.  Zema,
The specificity of the method was evaluated with respect F. Giordano and A. Gazzaniga, 2004. Different HPMC
to retention time, capacity factor, tailing factor and no. of viscosity grades as coating agents for an oral time
theoretical plates as shown in Fig. 2-5 for standard drug, and/or site-controlled delivery system: a study on
marketed product and optimised formulation resptively. process parameters and in vitro performances. Eur. J.
No marked difference was found out in terms of retention Pharm. Sci., 22: 469-76.
time, capacity factor, tailing factor and no. of theoretical 6.  Srikanth,   M.V.,      B.      Janakiram,      S.A.    Sunil,
plates. So it can be concluded that the method was N. Sreenivasarao and R. Murthy, 2012. Development
specific because there was no interference from excipients and validation of HPLC method for estimation of
as evident from the chromatograms. propranolol HCl in human plasm. J. Sci. Indus.

CONCLUSION 7. Saravanan, V.S. and N.M.  Shaik,  2012.  A  precise

In the conclusion , the present study indicates that estimation of diazepam and propranolol
the time lag of press coated tablet can be suitably hydrochloride in tablet dosage form. J. Drug. Delv.
modulated by formulating the outer shell with varying Ther., 2(5): 97-101.
composition of EC and HPMC K4M .The proposed
chromatographic method for the determination of
propranolol hydrochloride is accurate, precise, linear,
robust, simple,and rapid. Hence the present RP-HPLC
method is suitable for ascertaining thequality control of
the raw materials and formulations.
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