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ABSTRACT

A simple and reproducible method for determining acyclovir (ACV)
in plasma is presented, The method involved the use of acetaminophen
as internal standard, A single extraction step was performed using
trichloroacetic acid for protein separation, After pH adjustment,
samples from the supernatent layer were directly injected into a high
pressure liquid chramatograph, Components separation was perfected
through manipulation of solvent cambinations and pH. The acyclovir
and the internal standard retention times were 8,5 and 11 min, respec-
tively, High correlation was obtained between AUC and the drug concent-
ration (r>»0,99), Statistical analysis showed that the method is highly
reproducible for ACV determmination in aqueous solutions or in plasma,
The mean drug recovery was better than 88%, The sensitivity obtained
should enable the use of the method in future biocavailability and/or

phamacokinetic studies,
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INTRODUCTICN

Acyclovir, 9-(2-hydroxyethoxymethyl) guanine was the first non-toxic
drug to be developed for systemic use against herpes group viral infec-
tions (1), Different preparations of the drug are available for paren-
teral, oral and topical administration., The oral route showed slow and
poor absorption of the drug fraom the gastrointestinal tract (2), The
percutaneous drug absorption appeared minimal when applied on intact skin.
Acyclovir was not detected in blood or urine after seven days of four
times daily topical application to intact human skin, of 25 mg drug in an
ointment base (3).

Despite the apparent need for in-vivo research to improve drug bio-
availability, the literature survey indicates limited efforts in this
area. A simple and practical method for drug assay in biological fluids
should encourage the widely needed research., The tritium labelled drug
was used to follow its in-vitro absorption through human skin (4). The
14Crlabelled ACV was used to study the drug plasma protein binding (5).

A radioimmunoassay method developed (6) and later validated (7) has been
used to determine ACV in plasma and urine, Despite the high sensitivity
of the previous methods, their wide use has been limited by impractica-
bility and high expenses, HPLC has been used to study drug flux in-vitro
(8,9). An HPIC method for ACV determination in serum (10) was found to
be pramising but not satisfactory for our needs of sensitivity and repro-
ducibility,

In this cammnication a simple econamical and reproducible method for

determining ACV in plasma is described. Drug recovery was better than 88%.

EXPERIMENTAL
Instrumentation:

The following apparatus from Waters Associates (Milford, MA, USA)

was used: a Model 6000 A Solvent delivery module; a Model 481 Variable
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wave length detector; a WISP 710 B Autosampler injector and a Model
730 M Integrator, Chramatographic separations were performed using

10)nn11-—Bondapak—C18 colum (30 cm X 3,9 mm i.d.).

Reagents:

Acyclovir powder (Wellcome Foundation Ltd., London, England) was
tested for purity by TLC and was kept in a refrigerator, Acetaminophen,
Phosphoric acid (BDH Chemicals Ltd., Poole, England), Trichoroacetic
acid (E, Merck AG, Dammstadt, West Germany) and Sodium octane sulfonate
(Waters BIC B-8 reagent, Waters Chramatography Division, Millipore Corpo-
ration, Milford, MA 01757 USA) were used as supplied. Methanol (E. Merck

AG, Darmstadt, West Germany), was HPLC grade.

MObile Phase:

The mobile phase was prepared by dissolving 5 mM sodium octane sulfo-
nate in 700 ml of double distilled water (DDW). The pH was then adjusted
to 2,5 with phosphoric acid, Exactly, 70 ml of methanol were then added
and the mixture was campleted to 1 L with DDW, The mobile phase was daily

prepared and degassed for 5 min, immediately before use,

Stock Solutions:

Stock solutions of acyclovir (100 ug/ml) and the internal standard
(200 ug/ml) were prepared in DDW, protected fram light and stored in a
refrigerator for no more than one month. Solutions were equilibrated

at roam temperature directly before use.

Standard Curve:

Five sets of ACV solutions in the concentration range 0.5 - 7.5 ug/ml,
containing the internal standard (5 ug/ml), were separately prepared.
Exact.ly 10 ul of each solution were injected in duplicate onto the HPLC

column, The ratios of the area under the curve were tabulated and plotted
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versus ACV concentration. The results were statistically treated for

evaluating the reproducibility of the method.

Determination of Acyclovir in Plasma:

Preliminary experiments with a number of candidate internal standards
have shown that acetaminophen is well suited for this purpose. It was
readily extracted fram plasma alongwith ACV and when injected in the HPL@,
it had a well distinct peak separate from that of ACV.

Human plasma was spiked with concentrated ACV and internal standard
solutions to produce concentrations in the same range as those used in
the standard curve. After mixing, 200 nl of trichloroacetic acid (98%)
were added, The samples were then vigorously shaken on a vortex for one
minute and centrifuged at 3000 rpm for ten minutes., About one ml of the
supernatant was then taken and have its pH adjusted to 3 by 3 N sodium
hydroxide solution (about 125 ul were used). 7Two samples each of 10 ul
of the last solution were injected in the HPLC. The chramatographic
conditions included: mobile phase flow rate of 1 ml/min,; prior equilib-
ration of the column with the mobile phase was achieved by allowing the
instrument to run for two hours before injecting the sample solutions;

UV detector was set at 254 nm with optical density setting at 0.005 AUFS;

and chart speed was maintained at 0.5 am/min.

Acyclovir Recovery:

Five sets of plasma solutions spiked with ACV and the internal standard,
in the same concentration range used in obtaining the standard curve, were
prepared and extracted according to the method described above, The final
extract with its pH adjusted to 3 was injected in duplicate for AUC deter-
mination, The results were compared with those obtained in absence of

plasma and recovery was calculated.
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RESULTS AND DISCUSSION

Fig. 1 shows typical chromatograms obtained when blank plasma,
plasma containing internal standard and plasma containing ACV and inter-
nal standard were extracted and injected in the HPLC. As can be seen,
good separation of the two compartments with no interference fram plasma
was observed. Retention times for ACV and the internal standard were
8.5 and 11 min respectively. After obtaining the ACV peak, the mobile
phase was allowed to flow for 7 more minutes to ensure the camplete
washing of extracted residues. About 20 minutes were required for each
run,

Table 1 and 2 present the results obtained in running the standard
curve experiments,

Linear relationships were obtained when the ratio of the area under
the curve of the drug to that of the internal standard was drawn against
ACV concentration in each experiment (r>0.99). When the corresponding
standard curves obtained after extracting the drug and the internal
standard from plasma (Table 2) were compared to those obtained in the
agueous solutions (Table 1), identical slopes were observed.

The high reproducibility of the assay was established fram statisti-
cally analysing the data in Tables 1 and 2, Analysis of variance, carried
according to literature (11), showed that no significant difference existed
among the runs in each Table (F1=0.065, F2=O.039).

Table 3 shows the results of ACV recovery as calculated from Tables 1
and 2 by dividing the ratio of AUC, obtained in plasma by the corresponding
ratio obtained in aqueous solution.

The mean recovery values indicate that at least 88% of ACV were
recovered fram plasma. The percentage recovery increased as the drug
concentration increased. Such high ACV recovery together with the high

sensitivity (minimum detectable concentration in plasma = 0,1 pug/ml)
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987

Ratio of AUC of ACV to that of Acetaminophen Obtained fram Aqueous Drug

Solutions
ACV AUC Ratio Mean + S.D.
Conc, 1 2 3 4 5 -
(ug/ml)
0.5 0,134 0.122 0.100 0.180 0,145 0.136 0.026
1.25 0.355 0.310 0,322 0,308 0,330 0.325 0.017
2.5 0,683 0.541 0.605 0.550 0.655 0.606 0.056
3.75 1.010 0.940 0.928 0.920 0.957 0,951 0.032
5 1.413 1.234 1.266 1.255 1.240 1,281 0.066
7.5 2.133 1,543 1.96 1.969 1,855 1,892 0.195
Slope 0.142 0,103 0.13158 0,12956 0.12177 0.12574
Y-inter- -0,0188 0,059 -0.0357 -0.0216 0.03151 0.00258
cept.
r 0.99956 0.99371 0,99959 0,99677 0.99998 0,99980
F value = 0.065
TABLE 2

Ratio of AUC of ACV to that of Acetaminophen Cbtained fram Spiked Plasma

ACV AUC Ratio
Conc, Mean + S.D.
(ng/ml) 1 2 3 4 5
0.5 0.094 0,098 0.090 0.184 0.141 0.121 0.036
1.25 0,274 0.253 0.331 0.242 0.315 0.283 0.034
2.5 0,600 0.545 0.544 0.566 0.590 0.569 0.025
3.75 0.980 0.840 0.820 0,920 0.950 0,902 0.062
5 1.383 1,277 1.219 1,125 1.228 1.246 0.084
7.5 2,131 1,463 1.927 1.977 1.889 1.877 0.222
Slope 0,1470 0,10650 0.12890 0.12813 0.12502 0.12722
Y-inter- -0,0941 0.03485 -0,05901 -0,0330 -0,0026 -0,03306

cept.
r 0.99919 0,96544 0.99611 0,99232 0.9994 0.9904

F value = 0.039
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TABLE 3

ACV Recovery fram Plasma

Conc, % Recovery

(ng/ml) T 5 3 y) 5 Mean + S.D.
0.5 70 80 20 102 97 88 11.5

1.25 77 82 102 80 95 88 9.6

2,5 88 920 20 103 90 92.2 5.45
3.75 97 91 88 100 929 95 4.6

5 98 103 96 20 29 97 4.26
7.5 100 95 98 100 102 2 2.36

should make it possible to use this method in following the drug in
human or animal plasma,

The method presented in this communication is simple. It is
easily reproducible, once the pH of both the mobile phase and the injec-
ted solution is adjusted to the given values. A preliminary experiment
carried on rabbit plasma after i.v, infusion with 20 mg/kg ACV showed
that drug concentration was easily detemnined during the following six
hours (about 2 half-lives), Previous studies on ACV pharmacokinetics
in human (12,13) indicated that the therapeutic concentrations of the
drug in plasma ranges fram 0.1 - 6 pg/ml with most of the working
concentrations above 0.5 ug/ml, This finding supports the possible use

of the presented method of ACV analysis in human or animal studies.
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