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Quantitative methods for the assay of acyclovir in non-aqueous medium
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Three simple methods using visual titrimetric, potentiometric and spectrophotometric techniques are described for the
determination of acyclovir in pure form and in pharmaceutical formulations. The methods are based on the neutralisation
reaction involving the primary amino group of the drug and acetous perchloric acid in acetic acid medium. In titrimetric
methods, the titration is completed with visual or potentiometric end-point detection, crystal violet being used as the
indicator in visual titration. In spectrophotometry, the drug is treated with a fixed amount of perchloric acid-crystal violet
mixture and absorbance of the resultant violet colour is measured at 570 nm and is related to drug concentration. Both
titrimetric methods are applicable over 2-20 mg range of drug and the titration reaction follows a 1:1 stoichiometry. In
spectrophotometry, Beer’s law is obeyed over the concentration range 5-55 μg mL-1 with an apparent molar absorptivity and
Sandell sensitivity of 1.78 × 104 L mol-1 cm-1 and 12.68 ng cm-2, respectively. The limits of detection and quantification are
calculated to be 1.696 and 5.654 μg mL-1, respectively. The methods were successfully applied to the determination of
acyclovir in tablets. The validity of the methods was further ascertained by parallel determination by a reference method and
by recovery studies via standard-addition technique.
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Acyclovir (ACL), 9-[2-hydroxyethoxy) methyl]
guanine (Fig. 1), is an antiviral drug used extensively
in the treatment of skin infections caused by herpes
simplex virus1. It is official in European Pharmacopoeia2, British Pharmacopoeia3 and United States
Pharmacopoeia4. The therapeutic importance of the
drug has prompted the development of analytical
methods for its assay. The most extensively used
technique for the quantification of ACL in body
fluids is high performance liquid chromatography
(HPLC)5-19. The techniques such as radio
immunoassay20,21, high performance capillary
electrophoresis22, liquid chromatography23, and
micellar liquid chromatography24 are also confined to
biological fluids including plasma and urine20,
plasma21,23,
urine22,
serum
and
plasma24.
25-29
including HPLC25-27,
Chromatographic methods
HPLC-MS28 and RPLC29 have been applied for the
determination
of
ACL
in
pharmaceutical
formulations. Besides being tedious and difficult to
_____________
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Fig. 1⎯Structure of ACL

perform, these procedures lack sensitivity. Methods
based on derivative30 and differential31 UVspectrophotometry have also been reported for the
assay of ACL in dosage forms. Recently32, a visible
spectrophotometric method using Folin-Cioalteu
reagent for the determination of ACL in
pharmaceutical formulations has been reported. The
present paper describes three simple methods based
on neutralisation reaction. The titrimetric and visible
spectrophotometric methods are the first to be
developed for acyclovir based on neutralisation
reaction. The proposed spectrophotometric method is
more sensitive than the HPLC27,28, and derivative UVspectrophotometric30 methods reported previously.
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Experimental Procedure
Absorbance measurements were made on a
Systronics model 106 digital spectrophotometer
provided with 1-cm matched quartz cells. Potential
measurements were made with a Systronics digital pH
meter provided with combined glass-SCE electrode
system, the KCl in the salt bridge being replaced with
0.1 M lithium perchlorate in glacial acetic acid. A 0.1
M perchloric acid was prepared by adding 2.1 mL of
70% HClO4 (S.d.Fine Chem. India) to 5.2 mL acetic
anhydride and diluting to 250 mL with glacial acetic
acid in a calibrated flask, and kept overnight. The acid
was standardised using pure potassium hydrogen
phthalate and then diluted to 0.01 M by adding glacial
acetic acid.
A 0.1% crystal violet indicator (S.d.fine Chem.,
India) was prepared by dissolving 117.6 mg of the
reagent (85% dye content, S.d Fine Chem., India) in
100 mL glacial acetic acid.
For
spectrophotometric
work,
perchloric
acid-crystal violet mixture, equivalent to 1.5 mM
HClO4-0.25 mM crystal violet, was prepared by
mixing 15.0 mL of 0.01 M HClO4 and 10 mL of
1000 μg mL-1 crystal violet solutions in a 100 mL
calibrated flask and diluting to the mark with glacial
acetic acid.
Pharmaceutical grade acyclovir was gifted by Cipla
India Ltd., Mumbai, India and used as received. A
stock solution containing 2 mg mL-1 ACL was
prepared by dissolving 500 mg of pure drug in 250
mL glacial acetic acid in a calibrated flask. This was
appropriately diluted with glacial acitic acid to get
100 μg mL-1 ACL for spectrophotometric work.

Analytical methods
Visual titration (Method A)

A 10 mL aliquot containing 2 - 20 mg of ACL was
accurately measured into a 100 mL clean and dry
titration flask, 2 drops of crystal violet indicator added
and titrated with 0.01 M perchloric acid till the colour
changed from violet to emerald green, The amount of
the drug was calculated from the equation:
Amount (mg) =

VMR
n

… (1)

where, V = volume of perchloric acid consumed, mL;
R = molarity of perchloric acid; M = molecular wt. of
ACL; and n = number of moles of HClO4 reacting
with one mole of ACL.
Potentiometric titration (Method B)

An aliquot (30 mL) containing 2-20 mg of ACL
was transferred into a 50 mL dry beaker. A modified
glass-saturated calomel electrode was dipped in the
solution. The solution was stirred magnetically and
the titrant (0.01 M perchloric acid) was added from a
micro burette. Near the equivalence point, the titrant
was added in 0.2 mL increments, the solution was
stirred for 30 s and steady potential was noted. The
titration was continued until there was no significant
change in the potential on further addition of the
titrant. The equivalence point was located by the
graphical method (Fig. 2). The amount of the drug
was calculated using Eq. (1).

Tablets

Twenty tablets were weighed and ground into a
fine powder. Tablet powder containing 200 mg of
ACL was accurately weighted into a clean and dry
100 mL calibrated flask, 60 mL of glacial acetic acid
added and shaken for 20 min. It is then diluted to the
mark with glacial acetic acid. The contents were
mixed well and filtered using a Whatman No. 42 filter
paper. First 10 mL portion of the filtrate was
discarded and a suitable aliquot of the filtrate was
subjected to analysis by titrimetry with visual and
potentiometric end-point detection. The tablet extract
(2 mg mL-1) was appropriately diluted with glacial
acetic acid to get 100 μg mL-1 solution for
spectrophotometric analysis.

Fig. 2⎯First derivative potentiometric titration curve for the
titration of 10 mg of ACL with 9.3×10-3 M HClO4
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Spectrophotometry (Method C)

Method C

Results and Discussion
Visual titrimetric and potentiometric methods are
based on the determination of amount of drug by
direct titration with perchloric acid. Spectrophotometry is based on the determination of excess of
acid present after the reaction with ACL.

The method using crystal violet is based on the
facts that the colour of the dye is controlled by the pH
of the solution and that the colour change is not
abrupt but occurs in a continuous manner over a
definite range when the pH changes continuously.
Crystal violet changes its colour from green at lower
pH to violet at higher pH. When acyclovir is added in
increasing amounts to a fixed amount of acid-dye
mixture (green colour), the pH is progressively
increased, and as a result the colour changes from
green to violet, and the violet colour intensity
increases. This is indicated by the proportional
increase in the absorbance of the solution at 570 nm
(Fig. 3) and is corroborated by the correlation
coefficient, r = 0.9997.
In a preliminary study, 20 μg mL-1 solution of
crystal violet in acetic acid was found to produce a
convenient maximum absorbance at 570 nm. This
absorbance decreased to a constant minimum in the

Different aliquots (0.5-5.5 mL) of standard 100 μg
mL-1 ACL solid solution were delivered into a series
of dry 10 mL calibrated flasks by means of a microburette. An exactly measured 2 mL volume of aciddye mixture was added to each flask and the volume
was made upto the mark with acetic acid, mixed well
and the absorbance was measured at 570 nm. The
absorbance values were plotted against the concentration of the drug to obtain the calibration graph. The
concentration of the unknown was read from the
calibration graph or calculated from the regression
equation computed from the Beer’s law data.

Method A

ACL is a weak base with one primary amine group,
and neutralizes the added acid. The end-point was
determined using crystal violet, the colour change
from violet to emerald green being taken as the end
point. Using 0.01 M perchloric acid, 2-20 mg of ACL
can be conveniently determined. The reaction
stoichiometry was found to be 1:1 which served as the
basis for calculations.
Method B

Under the experimental conditions, ACL a weak
base neutralizes the added perchloric acid and the
end-point was indicated by the sudden jump in the
potential (Fig. 2). The study shows that the
stoichiometry of the reaction is 1:1 for the given range
of 2-20 mg, with good accuracy and precision
(Table 1).

Fig. 3⎯Absorption spectra of: A. 2 mL of 1.5 mM. HClO4 - 0.25
mM crystal violet mixture in 10 mL.; B. Acid-dye mixture after
treating with 450 µg of ACL in a total volume of 10 mL.

Table 1⎯Accuracy and precision
Titrimetry

∗

Potentiometry∗∗

Spectrophotometry∗

Amount
drug
taken,
mg

Amount
drug
found,
mg

Relative
error,
%

RSD,
%

Amount
drug
taken,
mg

Amount
drug
found,
mg

Relative
error,
%

RSD,
%

Amount
drug
taken,
μg

Amount
drug
found,
μg

Relative
error,
%

RSD,
%

5.00
10.00
15.00

5.06
9.93
15.14

1.2
0.7
0.93

0.07
0.10
0.24

7
12
17

7.09
12.11
17.23

1.29
0.92
1.35

0.35
0.43
0.75

100
200
300

101.03
198.32
302.24

1.03
0.84
0.75

1.30
1.56
2.11

∗

Average of seven determinations; ∗∗ Average of three determinations
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presence of 2 mL of 1.5 mM HClO4 in a total volume
of 10 mL. Hence, different amounts of drug were
treated with a fixed amount of acid-dye mixture
(emerald green in colour) to determine the
concentration range of the drug that could be
determined by the method of absorbance transitions of
the dye accompanying pH changes. The dye colour
was found to be stable for several hours in the
presence of drug. Beer’s law was obeyed over 5 -55
μg mL-1. The apparent molar absorptivity was found
to be 1.78×104 L mol-1 cm-1 with a Sandell sensitivity
of 12.68 ng cm-2. The linear plot gave the regression
equation: A = 0.0027+0.007 C (where A is the

absorbance at 570 nm and C is the concentration of
the drug in μg mL-1 with a correlation co-efficient of
0.9997 (n = 11). The limit of detection and limit of
quantification were 1.696 and 5.654 μg mL-1,
respectively.
Accuracy and precision of the method

Under the optimum conditions, the accuracy and
precision of the proposed methods were determined
by performing seven replicate analyses on pure drug
solution at three levels. The results of the study
presented in Table 1 are indicative of good accuracy
and precision of the methods. From the results, it is

Table 2⎯Analysis of ACL in pharmaceutical formulation by the proposed method
% found∗ ± SD

Student’s t-value#

F- value$

Formula-

Label

tions

claim
mg/
tablet

Titrimetry
(T)

Potentiometry
(P)

Spectrophotometry
(s)

Reference
method

T

P

S

T

P

S

Acyvira DT
tablet

200.00
400.00
800.00
200.00
400.00
800.00

99.06±2.22
100.40±1.50
98.58±0.96
99.78±2.06
101.35±1.05
102.14±1.06

101.32±1.75
99.17±1.49
99.23±1.76
101.14±1.88
100.25±1.14
101.16±1.23

100.18±1.77
98.26±1.91
101.38±1.54
100.20±1.95
101.22±1.75
100.46±1.36

100.98±2.11
99.09±1.49
100.25±2.22
99.01±2.16
101.99±1.47
100.98±1.69

1.40
1.39
1.66
0.56
0.80
1.33

0.28
0.08
0.81
1.67
2.11
0.19

0.65
0.77
0.95
0.92
0.76
0.54

1.11
1.01
5.35
1.10
1.96
2.54

1.45
1.00
1.59
1.32
1.66
1.89

1.42
1.64
2.08
1.23
1.42
1.54

Ocuvirb
tablet

Marketed by: a-Cipla India, b-FDC, India
∗ Average of five determinations in visual titrimetry, spectrophotometry and three determinations in potentiometry
#
Tabulated value at 95% confidence level is 2.77 for visual titrimetry and spectrophotometry 2.37 for potentiometry.
$
Tabulated value at 95% confidence level is 6.39 for visual titrimetry and spectrophotometry 9.28 for potentiometry

Table 3⎯Results of recovery studies by standard addition method
Tablet
Amount
of drug
in tablet
extract,
mg

Amount
of drug
added,
mg

Acyvir DT
(200 mg)

4.95
4.95
4.95
5.02
5.02
5.02
5.11
5.11
5.11

3.0
7.0
12.0
3.00
7.00
12.00
3.00
7.00
12.00

Acyvir DT
(400 mg)
Ocuvir
(800 mg)

∗
[

Titrimetry

brand
name

Average of three determinations

Potentiometry

Total Percent Amount
found, recovery of drug
of pure in tablet
mg
extract,
drug∗
mg
8.00
11.78
17.10
8.09
11.98
16.76
8.20
12.23
17.01

101.67
97.57
101.25
102.33
99.43
97.83
103.0
101.71
99.17

5.07
5.07
5.07
4.96
4.96
4.96
5.06
5.06
5.06

Amount
of drug
added,
mg
4.00
8.00
14.00
4.00
8.00
14.00
4.00
8.00
14.00

Spectrophotometry

Total Percent Amount Amount Total Percent
found, recovery of drug of drug found, recovery
of pure in tablet added,
mg
of pure
μg
extract,
drug∗
drug∗
μg
μg
9.01
12.91
19.71
9.02
13.22
18.54
9.10
13.01
19.15

98.50
98.00
100.71
101.50
103.25
97.00
101.0
99.38
100.64

50.06
50.06
50.06
49.13
49.13
49.13
50.23
50.23
50.23

100.00
200.00
300.00
100.00
200.00
300.00
100.00
200.00
300.00

151.01
248.89
351.21
150.01
252.45
347.19
151.23
247.34
354.15

100.95
99.42
100.38
100.88
101.66
99.35
101.00
98.56
101.31
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also clear that visual titrimetry is more precise and
accurate than the potentiometric and spectrophotometric methods. Potentiometry is found to be
more precise but less accurate than spectrophotometric method.
Application

The methods were applied to the determination of
different brands tablets containing ACL. The results
are tabulated in Table 2. The validity of the methods
was tested by analyzing the same batch preparations
by the reference method27. Statistical analysis of the
results revealed that at 95% confidence level, the
calculated t- and F-values did not exceed the tabulated
values (Table 2) indicating that the proposed methods
and the official method are comparable in accuracy
and precision.
The accuracy and reliability of the methods were
further ascertained through recovery studies. To a
fixed and known amount of drug in the pre-analysed
formulation, pure ACL was added at three different
levels and the total was found by the proposed
methods. The per cent recoveries of the added pure
drug presented in Table 3 reveal that neither the endpoint detection in titrimetry nor the absorbance
measurements in spectrophotometry was affected by
the commonly encountered excipients and diluents
like talc, starch, sodium alginate, magnesium stearate,
gum acacia, sucrose, calcium carbonate, calcium
gluconate and calcium dihydrogen ortho phosphate.
Conclusions
The methods described which are based on the
neutralisation of the amine in non-aqueous medium
are simple, relatively specific, accurate and precise for
the determination of ACL. Visual titrimetry is straight
forward and rapid. The spectrophotometry employs
mild working conditions without heating or extraction
and is more sensitive than many HPLC procedures.
Acknowledgement
The authors express their gratitude to quality
control Manager, Cipla India Ltd., Mumbai, for gift
sample of pure drug. One of the authors [HCP] thanks
the University of Mysore, Mysore for the award of a
fellowship.
References
1 Santhoskar R S, Bhandarkar S D & Ainapure S S,
Chemotherapy of Viral Infections. In: Pharmacology and
Pharmacotherapeutics, 14th edn (Popular Press, Mumbai),
1995, 708.

763

2 European Pharmacopoeia, European Pharmacopoeia
Commission, 3rd edn (Council of Europe, Strasbourg), 1997,
346.
3 British Pharmacopoeia, Vol. 1. 24 (Her Majesty’s Stationery
Office, 1 Nine Elms Lane, London), 1997.
4 United Pharmacopoeia, 28, National Formulary, 12601
(Twinbrook, Parkway, Rockville 35), 1991.
5 Smidovnik A, Gole Dondra A & Prosek M, J High Resolut
Chromatogr, 20 (1997) 503.
6 Peh K K & Yuen K H, J Chromatogr Biomed Appl, 693
(1997) 241.
7 Boulieu R, Gullant C & Silberstein N, J Chromatogr Biomed
Appl, 693 (1997) 233.
8 Swart K J, Handt H K L & Groenewald A M, J Chromatogr,
663 (1994) 65.
9 Zhang C & Dong S N, Yaoxue Xuebao, 28 (1993) 629.
10 Masches H, Kikuta C, Metz R & Vergin H, J Chromatogr
Biomed Appl, 121 (1992) 122.
11 Bangaru R A, Bansal V K, Rao A R M & Gandhi T P, J
Chromatogr B, 739 (2000) 231.
12 Brown S D, Catherine A W, Chu C K & Bartlett M G, J
Chromatogr B, 772 (2002) 327.
13 Jankowski A, Jankowaska A L & Lamparczyk, J Pharm
Biomed Anal, 18 (1998) 249
14 Zhang H W, Pan J H, Wu C, Dai X H & Li D, Yaowu Fenxi
Zazhi, 18 (1998) 90.
15 Nebinger P & Koel M, J Chromatogr Biomed Appl, 130
(1993) 342.
16 Cronquist J & Nilsson Ehle I, J Liq Chromatogr, 11 (1988)
2593.
17 Stevenson J O, Barkholt L & Saewe F, J Chromotogr
Biomed Appl, 690 (1997) 363.
18 Chuong Pham-Huy, Fotoda Stathoulopoulou, Pierre
Sandouk, Jean-Michel Scherrmann, Sophi Palombo &
Catherine Girre, J Chromatogr B, 732 (1999) 47.
19 Xhang S S, Liu H X, Chen Y & Yuan Z B, Biomed
Chromatogr, 10 (1996) 256.
20 Tadepalli S M & Quinn R P, J Pham Biomed Anal, 15 (1996)
157.
21 Chinnock B J, Vicary C A, Brundaage D M, Balour H H &
Iun A D, Diagn, Microbiol Infect Dis, 6 (1987) 73.
22 Zhang S S, Chen Y & Yuen Z B, Fenxi Huaxue, 24 (1996)
1212.
23 Salamonn J, Sprta V, Stadak T & Smarg M, J Chromatogr
Biomed Appl, 64 (1987) 197.
24 Macka M, Borak J, Semenkova L, Popl M & Mikes V, J Liq
Chromatogr, 16 (1993) 2359.
25 Bettermann G, Carbera K, Heizenroeder S & Lubda D,
Labor Praxis, 22 (1998) 32.
26 Pramar Y, Das Gupta V & Zerai J, Drug Dev Ind Pharm, 16
(1990) 1687.
27 Dubhashi S S & Vavia P R, Indian Drugs, 37 (2000) 464.
28 Kourang Lefoll E & Cyr T D, Can J Appl Spectrosco, 40
(1995) 155.
29 Caamano M M, Garcia L V, Elorza B & Chantres J R, J
Pharm Biomed Anal, 21 (1999) 619.
30 Dabees H G, Anal Lett, 31 (1998) 1509.
31 Mahrous M S, Abdel Khalek M M, Dabees H G & Beltagy Y
A, Anal Lett, 25 (1992), 1491.
32 Basavaiah K & Prameela H C, IL Farmaco, 57 (2002) 443.

