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A simple, sensitive, precise and stability indicating RP-HPLC method was developed for
determination of Phenorbarbital and Acefylline Piperazine in bulk drug and in combined
syrup. Isocratic, HPLC method , using Thermo Hypersil C18 gold column with mobile
phase of Acetonitrile - 0.1% orthophosphoric acid (30:70,v/v) was investigated to
separate the drugs from their stressed degredation products. The flow rate was 1.5
ml/min. Detection was carried out at a wavelength of 240 nm. The method was
validated for precision, accuracy, robustness and recovery. Phenobarbital and Acefylline
Piperazine were exposed to acidic, basic, neutral, oxidative and photolytic stress
conditions and the stressed samples were analyzed by the proposed method. Good
linear relationship in the concentration range of (1-100) µg/ml and (4-250) µg/ml for
Phenobarbital and Acefylline Piperazine respectively with correlation coefficient of
0.9999 for both drugs. Intra- and inter-day precision were less than 1% for both
analytes. the method was tested for specifity for determination of target analytes in
presence of excipients like Methylparaben and Propylparaben also The stressed sample
chromatograms demonstrate the specificity of the proposed method for the
determination of target analytes in presence of degradants.
Keywords: stability indicating , HPLC, Phenobarbital, Acefylline Piperazine

INTRODUCTION
Phenobarbital (PHB) is 5-Ethyl-5-phenylpyrimidine-2,4,6(1H,3H,5H)-trione [1].
which is a is a long-acting barbiturate and the most widely used
anticonvulsant worldwide[2], and the oldest still commonly used. It also has
sedative and hypnotic properties. Acefylline Piperazine
(AC), salt of 7theophyllineacetic acid is a xanthine bronchodilator used as antiasthmatic agent,
cardiac stimulant and diuretic[3], ACP is usually associated with Phenobarbital
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(PHB) and The combination of the drugs is used for treating of bronchial spasm and
chronic bronchitis.
Different analytical methods were used for determination of PHB with
bronchodilators and other drugs such as diprophylline and papaverine
hydrochloride [4], theophylline, theobromine, aminopyrine, caffeine,ephedrine,
phenacetin [5], theophylline, amylobarbitone, carbamazepine [6], using HPLC. Other
chromatographic methods for PH [7-12], other techniques such as: capillary
electrophoresis method [13], ion-selective electrode potentiometric method [14]
and spectrophotometric methods [15, 16]. Different methods reported for AC ,HPLC
methods with PHB and papaverine HCL [12], Methylparaben and propylparaben
[17], assay in plasma [18] and [19], spectrophotometric method [20]. The developed
method is a stability indicating method for determination of Phenorbarbital and
acefylline Piperazine in pure form and in commercial syrups, without interference of
excipients or degradation prouducts resulted from stress conditions.

EXPERIMENTAL
Chemicals and reagents
PHB, ACP, Methylparaben and Propylparaben were obtained from Egyptian Int.
Pharmaceutical Industries Co., EIPICO, (10th of Ramadan city, Egypt). Etaphylline
pheno® syrup labeled to contain 2 gm/100mL ACP and 66 mg/mL PHB from
Egyptian market.
HPLC grade Acetonitrile Poch S.A (Avantor Performance Materials, Gliwice
Poland) and Orthophosphoric acid from Burdick & Jackson (Sleeze, Germany).
Analytical grade of sodium hydroxide, hydrochloric acid and 30 % hydrogen
peroxide were purchased from Sigma–Aldrich (St. Louis, MO, USA) and high purity
distilled water was used.

Instrumentation
The HPLC (Agilent 1100 series) instrument equipped with G1310A isocratic
quaternary pump with solvent cabinet, G1322A vacuum degasser, G1313A
autosampler injector, G1314A variable wavelength detector (VWD) connected to a
computer loaded with Agilent Chemstation software. Hypersil gold C18, 5 µ (150
mm x 4.6 mm ID) column was used. UV lamp with short wave length 254 nm was
obtained from Desaga (Waldbronn, Germany).

Chromatographic conditions
The isocratic mobile phase consisted of Acetonitrile and 0.1% orthophosphoric
acid (30:70,v/v) (pH 2.3). The autosampler utilized Acetonitrile as a rinse solution.
The injection volume was 10μl Flow rate of mobile phase was 1.5 mL min-1. The
variable wavelength UV–visible detector was set at 240 nm. All analyses were
performed at ambient temperature. Conditions are summarized in Table (1).

Preparation of standard stock solution
Stock standard solution of PHB was prepared by dissolving 10 mg of PHB in least
amount of ethanol and complete to 100 mL with double distilled water. ACP stock
solution prepared by dissolving 30 mg of ACP in double distilled water and complete
to 100 mL water. The working standard solutions were prepared by diluting
aliquots of each stock solution to obtain concentrations ranging from 1 to 100 μg
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mL-1 and from 4 to 250 μg mL-1 for PHB and ACP, respectively. Working solutions of
both drugs were stable for one week.

General procedures
Construction of calibration curves
Aliquots of standard solution ranging from (1-100 μg mL-1) for PHB and (4-250
μg mL-1) for ACP were prepared in a series of 10 mL volumetric flasks, 10 µl were
injected to the instrument. Detection was performed at 240 nm. Analyses were
performed in triplicate and the responses were measured as peak area. The
calibration curves were obtained by plotting peak area against concentration. 100
μg mL-1 of both MP and PP were injected with ACP and PHB to ensure separation of
ACP and PHB from these preservatives that found in syrup dosage form.

Procedure for dosage forms
A volume of Etaphylline pheno® syrup (labeled to contain 2gm/100mL AC and
66mg/100mL PHB) equivalent to 30 mg of ACP, 10 mg of PHB, was diluted to 100
mL with double distilled water. Further dilution was carried out to reach the
calibration range of each compound.

Forced degradation studies
Forced degradation studies were performed to provide an indication of the
stability-indicating properties and specificity of the method on both pure drugs and
combined syrup dosage form.
Intentional degradation was attempted using acid, base, neutral hydrogen
peroxide, and UV-radiation. From the previously mentioned stock solutions (10
mg/100mL) of standard drugs solutions, aliquots of 10 mL were transferred to each
of four 50mL round bottomed flasks to perform the first four degradation tests. To
the first flask 10mL of 1M HCl was added for acidic degradation. To the second flask
10 mL of 1M NaOH was added for basic degradation. To the third flask 10 mL of
neutral water only added. To the fourth flask 10mL of 30% H2O2 was added for
oxidative degradation. All 4 flasks were refluxed for about 1 hr. After completing the
degradation treatment, samples were allowed to cool to room temperature and
treated as follows. The pH values of the first and second flasks were neutralized with
1N NaOH and 1N HCl, respectively. The volume of all the four flasks was adjusted to
50 mL to give final concentration of 20 µg mL-1 for both ACP and PHB. For photo
degradation study, the sample solutions were left in UV radiation for 1 hr then the
radiated solution was diluted to 10 mL, Samples were injected and analyzed against
control samples (lacking of degradation treatment).
Application of degradation study on Etaphylline pheno® syrup was also
performed to ensure specifity of the method without interference of additives found
in syrup. 0.5 mL of Etaphylline pheno® syrup was transferred to a 50 mL round
bottomed flask and procedures were done as mentioned before for pure standard
drugs as in basic, acidic, neutral, oxidative and photodegradation studies. After
degradation, the volumes were adjusted to give final concentration equivalent to
200 µg/mL ACP and 6.6 µg/mL PHB. Finally, Samples were injected and analyzed
against control samples (lacking of degradation treatment).
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RESULTS AND DISCUSSION
Method development
Different chromatographic conditions were studied to obtain an acceptable
chromatographic resolution between target analytes and their main degradation
products.

Mobile phase composition
A buffer free method was developed by using Acetonitrile-0.1% O-phosphoric
acid (30:70, v/v). Initial study was performed by using Acetonitrile-0.1% Ophosphoric acid in percent of (10 : 90,v/v), the retention time of ACP was 6.6 min
and PHB was delayed at 38.5 min. the percentage of Acetonitrile increased to be (40:
60, v/v) , the retention times were 3.5 min and 4.9 min for ACP and PHB,
respectively but there was inference with MP ( added with authentic drugs) which
gave peak at 3.8 min , so the mobile phase was adjusted to be (30: 70, v/v). At these
conditions the retention times were 3.75, 4.5, 6.25, and 14.87 min for ACP, PHB, MP
and PP respectively.

Column oven temperature
Column oven temperature was also studied (at room temperature, 30 0C) and it
was found that, there was no need to increase temperature and that good separation
could be obtained at room temperature.

Choice of detection wavelength
Different wavelength was studied at 230, 240, 250 nm. It was found that 240 nm
to be optimum for detection at which the highest detector response was obtained

Choice of flow rate
The effect of flow rate was studied to optimize the chromatographic efficiency of
the proposed method and improve the resolution of the eluted peaks. The flow rate
was changed over the range of 1-3 mL min-1 and a flow rate of 1.5 mL min-1 was
optimal for good separation in a reasonable time.
So, the optimum chromatographic performances were achieved when using
isocratic mobile phase composed of Acetonitrile - 0.1% O-phosphoric acid
(30:70,v/v) pH 2.3, injection volume 10 μl, column temperature at ambient
temperature, detection wavelength 240 nm and flow rate 1.5 mL min-1. Symmetrical
peak shape (Fig.1) was obtained under the proposed chromatographic conditions;
ACP and PHB were separated within 3.75 and 6.25, minutes respectively.
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II

I

Figure 1: I- Chromatogram of standard solution of 100 µg mL-1 of Acefylline
Piperazine (ACP) , Pheobarbital(PHB), Methylparaben(MP) and Propylparaben(PP);
II-Chromatogram of ACP 200 µg mL-1, PHB 6.6 µg mL-1, MP and PP

Results of degradation studies
Alkaline degradation:
ACP was found to be labile to alkaline hydrolysis. Around 40% degradation of the
drug was observed when reflux with 1N NaOH for 1 h. The degradation peak
appeared at tR 2.98 min whereas mild degradation was seen in PHB in alkaline
condition. It was observed that around 10-12% of the drug degraded on heating it in
1N NaOH for 1 h. Two small peaks were generated at 6.85 and 7.34 min the
chromatogram. Application stability study on Etaphylline pheno® syrup as in pure
drugs resulted in formation of cluster of degradation peaks at tR 2.1- 3.5 min due to
degradation of ACP and additives in syrup (include MP and PP) but good resolution
from ACP peak.
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Scheme 1: Proposed pathway for alkaline and acidic degradation of Acefylline
Piperazine .
The success of hydrolysis in basic medium could be attributed to the immediate
conversion of the acid formed to the carboxylic salt. The disappearance of ester was
accompanied by the progressive appearance of free 7-theophyllineacetic acid[21].
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Scheme 2: Proposed pathway for alkaline degradation of Phenobarbital.
Phenobarbital and Methylphenobarbital are considered to be barbituric acid
derivatives. The bonds between -NH- and -CO- groups are easily broken by alkaline
hydrolysis, and ammonia, carbon dioxide and an alkali malonate are produced when
a barbituric acid is treated with hot alkali[22].

Acidic condition
ACP was found to be labile to acidic hydrolysis when reflux with 1 N HCL for 1 hr
and shows two peaks at tR 3.47and 2.53 while PHB was found to be stable and shows
no degradation peaks in the same conditions. Degradation on syrup resulted in
formation of three degradation peaks preceding to ACP peak but well separated
from it.

Neutral conditions
PHB showed only small degradation peaks when subjected to refluxing with
neutral water for 1 hour, while ACP was found to be more stable in this condition.
Degradation on syrup resulted in formation of only small peak near PHB peak.

Oxidative conditions:
Strong peak due to H2O2 was shown at tR 2.54, otherwise there is no other
degradation peaks, for ACP and PHB (as pure drugs) on refluxing with H2O2 but in
case of Etaphylline pheno® syrup many degradation peaks were formed due to
oxidation of preservatives (MP and PP) and additives found in syrup but these peaks
are chromatographically resolved from ACP and PHB peaks by using the proposed
HPLC method.

Photolytic conditions:
Both PHB and ACP were found to be stable when subjected to UV-radiation. No
degradation peaks were observed, also exposing Etaphylline pheno® syrup to UVradiation for 1 hr resulted in formation of degradation peaks due to additives in
syrup but theses peaks did not interfere with investigated drugs.
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Method validation
The developed method was validated according to International Conference on
Harmonization( ICH ) guidelines[23].

Linearity and range
Different concentrations for PHB and ACP of the mixture of two drugs were
prepared for linearity studies. A typical HPLC chromatogram obtained during
simultaneous determination of PHB and ACP. The calibration curves obtained by
plotting peak area against concentration showed linear relationship over a
concentration range of 1-100 µg mL-1 for PHB and 4-250 µg mL-1 for ACP,
respectively. The linear regression equations for PHB and ACP were found to be
y = 4.5693x - 0.7131 and y = 5.9385x + 28.9371, respectively.
The regression coefficient values (r2) were found to be 0.9999 for both drugs
indicating a high degree of linearity. Regression characteristics of the proposed
HPLC method are summarized in Table (1).

Limits of detection and limit of quantitation
The limits of detection (LOD) and limit of quantitation (LOQ) were separately
determined on the basis of standard calibration curve. Following formulae were
used;
Table 1: Results and characteristic parameters of the proposed HPLC method for determination of
Phenobarbital and Acefylline Piperazine .
Parameter

Phenobarbital

Acefylline Piperazine

Taken
(μg mL-1)
1

Found
(μg mL-1)
0.999

%Recovery*

Found
(μg mL-1)
3.981

%Recovery*

99.864

Taken
(μg mL-1)
4

4

4.003

100.082

8

8.060

100.747

25

25.006

100.023

16

16.008

100.049

30

29.884

99.615

50

50.249

100.498

50

49.982

99.963

100

100.794

100.794

75

75.392

100.523

150

148.610

99.074

100

99.748

99.748

200

199.174

99.587

250

251.128

100.451

Mean Recovery

99.974

100.091

7

8

SD

0.291

0.635

RSD

0.291

0.634

V

0.085

0.403

SE

0.110

0.224

n

99.532

* Average of three determinations

LOD= 3.3×D/S
LOQ= 10×D/S
Where, D is the standard deviation of regression line and S is the slope of the
calibration curve. LOD was found to be 0.21 and 0.35 µg mL-1 for PHB and ACP,
respectively. LOQ was found to be 0.63 and 1.06 for PHB and ACP, respectively.
Small values of LOD and LOQ indicate high sensitivity of the proposed method.
Regression characteristics of the
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proposed HPLC method are summarized in Table (2).

Specificity
Specificity is the ability of the analytical method to discriminate between target
analyte and other components that may be present. The specificity of the assay was
determined by the complete chromatographic separation of ACP and PHB peaks (tR
at 3.75 and 6.25) from chromatographic peaks of Methylparaben and Propylparaben
(preservatives that found in syrup) at tR of 4.56 and 14.88 Fig (1). Also well resolved
peaks of ACP and PH from degrdants generated under various stress conditions in
both pure form and in syrup (Fig. 2,3).
Table 2: Regression characteristics of the proposed HPLC method for
determination of Phenobarbital and Acefylline Piperazine
Parameter
Range (μg

mL-1)

Regression coefficient (r

Acefylline Piperazine

1-100

4-250

0.9999

0.9999

Slope

4.5693

5.9385

Intercept

-0.7131

28.9371

LOD (μg mL-1)

0.2100

0.3528

LOQ (μg mL-1)

0.6366

1.0692

204
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Figure 2: Chromatogram of: base hydrolysate (I), acidic hydrolysate(II), neutal (III)
and oxidative(IV) photolytic degradation (V) of 20 µg mL-1 ACP and PHB standard
solutions.
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Figure 3: Chromatogram of: base hydrolysate (I), acidic hydrolysate(II), neutal (III)
and oxidative(IV) photolytic degradation (V) of Etaphylline pheno® syrup with
degradation products a, b and c.

Precision
The precision of an analytical method is the closeness of replicate results
obtained from analysis of the same homogeneous sample. Precision was considered
at two levels, i.e. repeatability and intermediate precision.

Repeatability (intra-day precision)
Repeatability was determined by performing nine analyses at three
concentrations on the same day. Results are shown in Table (3).

Intermediate precision (inter-day precision)
It was determined by analyzing the same sample in the same way on different
days. Results from determination of repeatability and intermediate precision were
expressed as SD and RSD. The intra-day precision and inter-day precision (SD &
RSD) were less than 1% as shown in Table (3).
206
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Table 3: Inter and intra-day precision (%RSD) data for Phenobarbital and Acefylline
Piperazine by proposed method.
Drug
Phenobarbi
tal
Acefylline
Piperazine

Conc.
(µg mL-1)
25
50
100
50
100
150

Intra-day
n= 3
Mean ±S.D
RSD
100.59±0.59
99.91±0.20
100.70±0.261
100.59±0.59
100.99±0.17
99.40±0.62

Inter-day
n= 3
Mean ±S.D
RSD

0.591
0.202
0.259
0.591
0.171
0.624

100.16±0.60
100.04±0.30
100.55±0.51
100.03±0.72
100.80±0.33
99.32±0.66

0.604
0.305
0.507
0.721
0.334
0.670

Accuracy
Accuracy is the closeness of test results obtained by the analytical method to the
nominal value. To assess accuracy, sample solutions of Etaphylline pheno ® syrup at
concentrations of (4, 6, 12) µg mL-1 for PHB and (50, 100, 200) µg mL-1 for ACP were
injected in triplicate and the peak areas were used to calculate mean % recovery and
RSD%. Results of accuracy studies were shown in Table (4); recovery values
demonstrated that the method was accurate within the proposed range. The
representative chromatogram PHB and ACP in Etaphylline pheno® syrup (Fig. 1),
showed no interfering peaks from excipients components.
Results of the analysis were compared statistically to a reported HPLC methods
for PHB[4] and ACP [17], Applying the student (t-test) and variance ratio test (Ftest) [24] ,the results gave lower values than theoretical ones indicating no
significant difference between the performance of the proposed method and the
reported methods, results showed in Table (5).
Table 4: Accuracy (% recovery) data for Phenobarbital and Acefylline Piperazine in
Etaphylline pheno ® syrup by proposed method.
Drug

Label claim
µg mL-1

Quantity found
µg mL-1 (n=3)

Recovery
±S.D

RSD (%)

Phenobarbital

4
6
12

4.095
5.999
12.237

102.385±1.094
99.990±1.315
101.972±0.965

1.069
1.315
0.946

Acefylline
Piperazine

50

51.034

102.067±1.010

0.990

100

100.541

100.541±0.607

0.604

200

199.219

99.610±1.021

1.025

Table 5: Statistical analysis of results obtained by the proposed method for
determination of Phenobarbital and Acefylline Piperazine compared with reported
methods.
Parameters

Phenobarbital
Proposed
method

Reported
Method [4]a

Acefylline
Piperazine
Proposed method

Reported
Method [17]b

100.09±0.63
8
0.4
1.38(2.16)*
1.48 (3.87)*

99.7±0.52
7
0.27

Mean ± S.D.
99.97 ± 0.29
100.00±0.23
N
7
8
V
0.08
0.05
Student-t
0.44(2.16)*
F-test
1.6 (3.87)*
* The theoretical Student t-values and F-ratios at p-0.05.
a, based on HPLC method for Phenobarbital
b, based on HPLC method for Acefylline Piperazine
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Robustness
Robustness is the ability of the analytical method to remain unchanged by small,
but deliberate changes in method parameters. To determine the robustness of the
proposed method, the experimental conditions were deliberately changed. Variation
of pH ±0.2, the mobile phase flow rate by ± 0.1 mL min-1, injection volume ±0.1 and
organic strength of the mobile phase by ± 2.0 % did not result in significant effects
on the chromatographic resolution of the proposed method as shown in Table (6).

System suitability
To ensure the validity of the analytical procedure, a system suitability test was
carried out. Data from six injections of 10 μL of the working standard solution
containing 40 μg mL-1 were used for evaluating the system suitability parameters,
such as retention time, capacity factor, resolution theoretical plates, asymmetry, and
selectivity. Results are shown in Table (7).
Table (6). Robustness of the proposed method for determination of Phenobarbital
and Acefylline Piperazine .
Slight change in

Affected parameter
PHB
RSD
ACP
RSD

pH-value
(2.3,2.5and 2)

tR
1.430

Peak
area
1.224

1.500

0.704

flow rate
(1.5, 1.6
and 1.4
mL/min)
tR

Injected
volume
(10, 10.1 and
9.9
μl)

2.223

Peak
area
1.154

0.704

0.787

tR

Acetonitrile
content
(30, 32 and
28%)

1.073

Peak
area
1.438

tR
1.228

Peak
area
0.671

0.204

1.242

1.646

1.328

Table 7: System suitability parameters for the proposed HPLC method for
determination of Phenobarbital and Acefylline Piperazine
Parameter

Phenobarbital

Acefylline
Piperazine

Retention time(tR)

6.2

3.7

Capacity factor( K,)

3.1

1.4

Resolution Rs
Theoretical
plates(N)
Asymmetry
Selectivity (α)

11.5

Recommendations[2
5]
1-5
>2

11531

9434

> 2000

0.8

0.74

≤2

2.21

>1

CONCLUSION
A simple, rapid and stability-indicating RP-HPLC method has been developed
and validated for the routine analysis of Phenobarbital and Acefylline Piperazine in
bulk and in syrup dosage form. Results of stress testing carried out according to the
ICH guidelines shows that the proposed method is selective and stability-indicating.
The proposed method is capable of separating target analytes from their
208
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degradation products without interference from excipients and additives that found
in syrup dosage form.
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