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Abstract

Chickenpox is a highly infectious disease caused by the varicella-zoster virus.
Acyclovir (ACV) is an antiviral drug that has been concomitantly used with paracetamol
(PA) for its analgesic effect in the management of chicken pox infections. However, the
simultaneous pharmacokinetic interaction study for ACV and PA has not yet been
reported. A simple high-performance liquid chromatography assay was developed and
validated for their simultaneous analysis in human urine. The proposed method presents
a pharmacokinetic study for ACV with/without co-administration of PA in human urine
with high precision, accuracy and sensitivity in a short time not more than 10 minutes.

Keywords: Acyclovir; Paracetamol; Human Urine; Pharmacokinetics and Drug-Drug Interaction.

Introduction

Chickenpox is highly infectious disease. Spread throughout households is very
common with infection of up to 90% of vulnerable individuals who come into contact.
Most infection occurs in those under 5 years of age and immunity increases with age
until adulthood, immunocompromised patients and pregnant women [1]. Acyclovir
(ACV), 2 - Amino - 1, 9 - dihydro - 9 - [2-(hydroxyethoxy) methyl] -6H- purin-6-one (Fig. 1)
is an acycloguanosine which exhibits a selective inhibition of herpes viruses replication
with potent clinical antiviral activity against the herpes simplex and varicella-zoster
viruses. Therefore it is the first choice in treatment of herpes zoster (shingles),
postherpetic neuralgia and chicken pox. Due to the pain associated with these diseases,
patients with mild to moderate pain may respond to the over-counter analgesics such
as acetaminophen (paracetamol; PA) (Fig. 1) and in severe pain it potentiates the pain-
relieving effects of narcotics in patients [2].
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Fig. 1. Chemical structures of the studied drugs and IS

Several analytical methods have been described for the determination of ACV in
pharmaceuticals and biological samples. These methods include spectrophotometric [3-8],
spectrofluorimetric [9], high performance liquid chromatography (HPLC) [10-15], capillary
electrophoretic [16-18] and electrochemical methods [19-25]. However, no previous
method has been described for the simultaneous determination of ACV and PA.
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It was reported that ACV is taken orally and absorbed
slowly and incompletely, so most of the drug is excreted
unchanged in the urine [26]. Therefore there is a great need
to develop a simple and sensitive HPLC method that
determine ACV and make a study on its pharmacokinetics in
urine. Therefore, the present work is designed to develop an
accurate and precise analytical method to determine ACV in
human urine in case of concomitant administration of PA. The
developed method is useful to explore the impact of PA
administration on the pharmacokinetic behavior of ACV in
human. It is also useful to explore the expected drug-drug
interaction between ACV and PA which may affect the
required ACV dose especially in immunocompromised
patients, children, pregnant woman and patients with renal
impairments in whom PA is the safest analgesic drug.

Experimental

Reagents and chemicals

ACV was kindly supplied by (Global Napi Pharmaceuticals,
6th October, Egypt), PA was supplied by (CID pharmaceutical
company, Assiut, Egypt) and guanine used as an internal
standard (IS) was purchased from (Sigma Co., Cairo, Egypt).
Phosphoric acid, methanol and acetonitrile were obtained
from (Sigma Co. Cairo, Egypt). All other chemicals and
solvents used in this work were of HPLC analytical grade.
Human urine samples were obtained from five female healthy
volunteers at Assiut city.

Apparatus and chromatographic conditions

A Younglin Autochro-3000 HPLC system (Younglin,
Dongan-Gu, South Korea) with a UV detector, a Rheodyne
injection valve with a 20 ul loop was used. The analytical
column employed was C4g reversed phase column of 250
x 4.6 mm ID, 5 um dimensions (Supelco, Bellefonte, PA, USA).
The mobile phase was comprised of methanol: water adjusted
to pH 4.0 with phosphoric acid (1%) (15:85, v/v). The mobile
phase was prepared freshly, filtered and degassed by
sonication before use. All separations were performed
isocratically at a flow rate of 1.0 ml min-' at ambient
temperature. The detector was operated at 254 nm. For the
protection of the analytical column during working with
urine samples, C18 (4 mmx3 mm i.d.) security guard cartridge
system (Phenomenex, Torrance, CA, USA) was used.

Preparation of standard solutions

Stock solutions of each drug and IS (1.0 pug/ml) were
prepared by dissolving the accurately weighed ACV in bi-
distilled water, PA in methanol and IS (Fig.1) in 0.1 M
Hydrochloric acid (HCl). Aqueous stock solutions were stored
at 4°C in well-closed light resistant containers. The working
solutions were prepared by diluting the stock solution with
the mobile phase to a final concentration and prepared
immediately before their use.

Preparation of calibration solutions in human urine

Standard calibration solutions were prepared by spiking
drug-free human urine with stock ACV and PA standard
solutions and IS solutions, which were then further diluted

with the mobile phase (diluted with the ratio of 1:100) to
achieve final concentrations from 0.5 to 20.0 pg/ml for
ACV and from 1.0 to 200 pg/ml for PA with a final
concentration of 2.0 ug/ml from IS solution.

Validation of the method

The validation process was carried out according to
Guidance for Industry — Bioanalytical Method Validation,
recommended by the US Food and Drug Administration
[27], ICH guidelines [28] and British pharmacopoeia [29].

Linearity and limits of detection and quantification

Linearity was assessed by six-point calibration curves in
standard solutions and by spiking known amounts of each drug
and IS to human urine samples five times on three consecutive
days. The curves were constructed by plotting the peak area
ratio of each drug to the IS versus the concentration. The
evaluated concentration ranged from 0.2 to 20.0 pug/ml for
each drug in their standard solutions and from 0.5 to 20.0 pg/ml
for ACV and from 1.0 to 20.0 pg/ml for PA in human urine
samples. The curves were evaluated by linear regression. The
limit of detection (LOD) was established as the lowest
concentration of the analyte that can be detected but not
necessarily quantified and calculated at signal-to-noise (S/N)
ratio of 3. Whereas, the limit of quantitation (LOQ) was
established as the lowest concentration of an analyte that can
be quantified with good precision and accuracy and calculated
at S/N ratio of 10.

Accuracy and precision

To evaluate the precision and accuracy of the method in
standard solutions and human urine samples, three
concentrations including lower, middle, and upper limits of
each calibration curve of each drug in five replicates were
analyzed in three different days according to FDA [27] and
ICH [28]. Intra-day and inter-day precision were calculated
and expressed as coefficient of variation (CV). The intraday
and inter-day accuracy were calculated as the percentage of
the calculated concentrations compared to the true
concentrations.

Robustness

For the determination of the proposed method's
robustness, mobile phase ratio, mobile phase pH, detection
wavelength and flow rate were varied within a realistic range,
and the quantitative influences of the variables were
determined.

Selectivity

Selectivity was determined by comparing the peaks of
the studied drugs with peaks of another co-administered
drugs as chloropheniramine (ChP) or structurally related
drugs as valacyclovir (VAL) to determine if these drugs
interfere with the studied drugs or not.

Recovery and extraction efficiency

The efficiency of extraction of ACV and PA from s spiked
human urine was measured by analyzing three concentrations
(low, middle and high) of the samples. The drug recovery was
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determined by comparing peak areas obtained from the
spiked samples after extraction to the standard solution at the
same concentration of the spiked samples. The relative
recovery was calculated by comparing the concentrations
obtained from the drug supplemented human urine with
actual added amounts.

In vivo Application of the developed analytical method
on human urine

A pharmacokinetic study was performed in five healthy
female volunteers aged between 25 to 30 years and weighing
from 70 to 85 kg. The volunteers were instructed to abstain
from taking any medication at least 2 weeks prior to and
during the study period. The protocol was the conventional,
two-way, crossover study with ten subjects and a one-week
washout period. In the first trial period, after an overnight
fasting, volunteers were given a single oral dose of 400 mg
ACV from (Glaxo SmithKline Co. Cairo, Egypt) (Zovirax
suspension contain 400mg ACV/ 5ml) with 200 m| of water.
In the second trial period and after and a one-week
washout period, volunteers were given a single oral dose of
400 mg ACV (Zovirax suspension) and 500 mg of PA (Paramol
tablets from CID Company, Assiut, Egypt). In the two cases the
drugs were administered after overnight fasting and urine
samples were collected at 0.0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0,
9.0 and 12.0 hrs after drug administration. The samples were
collected and stored at 4- °C until use. The pharmacokinetic
parameters of ACV were calculated by non compartmental
analysis using WinNonlin (version 3.3; Pharsight Corp.,
Mountain View, CA). The investigated pharmacokinetic
parameter included; the maximum urine concentration (C,,q)
and the maximum urine concentration time (t,,q,) were directly
obtained from the raw data. The area under the urine
concentration-time curve (AUC,.y) up to the last measurable
time point (12.0 hrs in this study) and to infinity (AUC,_.,) were
obtained. K, represents the apparent terminal rate constant.
MRT represented the maximum residual time. The half-life of
drug elimination (t;/,) was calculated as 0.693/ K.

Results and Discussion

Development of HPLC method
Mobile Phase optimization

The effect of organic modifier (acetonitrile, methanol and
their mixture) on peak resolution and peak symmetry was
investigated. Use of acetonitrile as the organic modifier in the
mobile phase did not result in adequate sensitivity, selectivity
and peak symmetry. However, methanol as organic
component resulted in better sensitivity and symmetrical
peaks but variation in the amount of methanol in the mobile
phase affected resolution and runtime. The optimum results
were found using 15% methanol as shown in Fig 2. Also pH of
the medium is a critical factor in the resolution of the studied
mixture. In order to better distinguish between matrix
components, ACV, PA and IS, the pH value of the mobile
phase was optimized. It was found that the optimum pH for
the separation of the studied drugs is 4.0 as shown in Fig 3.
Hence, an elution consisting of methanol and water (adjusted

to pH 4.0 with phosphoric acid) (15:85, v/v) was employed.
Fig. 4 shows a typical chromatogram of standard solutions of
the studied drugs and IS in the mobile phase. The retention
times were about 3.2 min for IS, 4.7 min for ACV and 9.2 min
for PA.
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Fig. 2. Effect of % of methanol used in the mobile phase in the
determination of binary mixture of ACV and PA.
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Fig. 3. Effect of mobile phase pH in the determination of binary
mixtures of ACV and PA using mobile phase-methanol: water
adjusted with orthophosphoric acid (15:85, v/v).
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Fig. 4. A representative HPLC chromatogram for a mixture of
1.0 ug/ml of standard solutions of ACV, PA and 2.0 pg/ml IS in
deionized water. Chromatographic conditions were; a mixture of
methanol and water (adjusted with 1% phosphoric acid to pH = 4.0)
(15:85, v/v), flow rate 1.0 ml/min, injection volume: 20 pl, and UV
detection at 254 nm.

Effect of flow rate on column efficiency

The influence of the mobile phase flow rate on the
performance of the column for the separation of tested
mixture was investigated. The flow rate was varied in the
range 0.8-1.3 ml/min. The Van Deemter plot (height equivalent
to a theoretical plate HETP versus flow rate) of the tested
mixture is shown in Fig. 5 that revealed the effect of the flow
rate on the column efficiency for separation of the tested
mixture. As can be seen, the efficiency of the column is better
and low pack pressure at flow rate of 1.0 ml/min, so it was
chosen for further experiments.
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Fig. 5. Van Deemter plot of the height equivalent to a theoretical
plate versus flow rate for separation of the tested mixture using
supelco Cqg column, methanol: water adjusted with
orthophosphoric acid pH 4.0 (15:85; v/v).

System suitability

System suitability tests were investigated in accordance
with the BP guidelines [29], to ensure adequate performance
of both the chromatographic system and the equipment for
the analysis to be performed. Different chromatographic
parameters were calculated from the experimental data,
including the retention time (tg), retention factor (k'),
separation factor (o), peak resolution (Ry), number of
theoretical plates (N), height equivalent to a theoretical plate
(HETP), and the asymmetry factor (Asg os). All these parameters
are usually employed in assessing the performance of the
column. Results obtained from system suitability are presented
in Table 1. Good agreement was found when results were
compared with the recommendedvalues [29].

Table 1. Performances and chromatographic parameters of the
proposed Method for simultaneous determination of ACV and PA.

Chromatographic parameters
Drug tRa b c d
(min) K « Rs
ACV 4.7 0.88
PA 9.2 2.68

HETP' | As®
(mm) 0.05
1413 | 017 | 116
1354 | 018 | 106

N°(x10°)

3.05 6.00

atg : Retention time

by : Retention factor = (tg—tg) / to where tq is the dead time
¢, : Separation factor = K',/K',

dR; : Peak resolution = 2 (tg, —trq) / (Wp + Wyq)

ey : Number of theoretical plates = 16 (tg / w) 2

fuere: Height equivalent to a theoretical plate = L/ N, where L,

of ACV and PA from human urine were examined by
comparing peak areas ratios (peak area of sample/peak area
of IS) of spiked plasma samples or spiked humanurine

Samples with peak areas ratios obtained from the same
amounts of unextracted ACV and PA mixtures in the mobile
phase.

Method validation

Linearity and sensitivity

Under the optimal conditions, the calibration curves for
ACV and PA in the mobile phase and human urine spiked with
ACV and PA were prepared by plotting the peak areas ratio of
ACV and PA to IS vs the concentration in pg/ml. Fig.6 shows
over layed chromatograms illustrating the calibration curves
of ACV and PA binary mixtures. The parameters of the
calibration curves for the proposed method are summarized
in Table 2. LOD and LOQ were calculated at S/N ratios of 3
and 10, respectively. The proposed method is sensitive
enough for drug monitoring and pharmacokinetic studies. In
comparison with the reported methodologies for analysis of
the individual drugs, the sensitivity of the proposed
methodology is higher than some of the reported methods
[33-35], however, it should be taken into account that in this
case two drugs were simultaneously determined

ACY

100 00

80,00

Vaoltage[m¥)
o
-
-

0.09)

Time[min]

Fig. 6. Overlayed chromatograms illustrating the calibration curves of
ACV and PA binary mixtures spiked in rabbit plasma in concentration
ranges of 0.5-30 pg/ml of each drug in the presence of 2ug/ml of IS

Table 2. Summary for the quantitative parameters and statistical
data using the developed method

Column length in mm Standard solutions In human urine
9Asg o5: Asymmetry factor = (a / b) Calculated at 5 % peak ACV PA ACY PA
height. P

g Ra:;’;ea:'t}’ml) 0.2-200 0.2-200 0.5-200 10-20.0
Selection of detection wavelength Intercest "

The studied drugs were detected at different wavelengths; SD* 0013 + 0.001]0024  0.00T) 0.029 + 0.003 10.144 + 0.003
220, 242 and 254 nm to determine the most proper one. The Slope + SD* | 0309 + 0.003 |0.291 + 0.002| 0305 + 0.003 |0.279 + 0.005
best sensitivity was obtained at a wavelength of 254 nm, so it
was selected as the wavelength of choice for our developed cg:;f’;::::;"(‘r) 0.998 0.995 0.999 0.997
chromatographic method. Determination

L fficient (12 0.996 0.990 0.998 0.994
Optimization of the sample pretreatment procedure coefficient (r2)

. . o LOD (ng/ml) 10.69 11.36 3215 2323

Accorgimg to human urine samplgs, dilution step was LOQ (ng/ml) 3239 3442 9743 7042
enough without further extraction techniques. The recoveries ) T

* Average of five determinations
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Precision, accuracy and recovery

Repeatability and intermediate precision of the developed
method were expressed in terms of coefficients of variation (CV)
of the peak area. The results showed that intra- and inter-day
variations at three different concentrations (lower, medium and
higher) for all the tested compounds in their standard solutions
and human urine were within the acceptable range. The CV for
both the inter-day and intraday precision of the method were
found to be not more than 3.53 % for both drugs in their
standard solutions and 3.60 in spiked human urine as shown in
Table 3. Accuracy in human urine was determined by comparing
the measured concentrations of ACV and PA in human urine
with actual values and expressed as percentage. The recoveries
were found between 95.8 and 104.2% indicating good accuracy.

The obtained accuracy and precision was satisfactory for quality
control measurements for the examined compounds. In comparison
with reported methods [33-35], the obtained recoveries were much
better than those obtained by most of the reported methods.

Table 3: Intra-and inter-day precision and accuracy of the
developed HPLC method.

Intraday assay (n=5) Interday assay (n = 5)
Matrix Drugs Cone. Measured conc. P Measured cone. Accuracy
(ng/mi) (ng/mi) ov | (g/mi) cv? prge
Mean£SD* Mean=SD*

0.5 0.51 +0.008 1.57| 102.0 0.51 +0.007 1.37 102.0

ACY 5.0 4.79 £0.156 326 95.8 5.05 +0.087 1.72 10L.0

Mobile 20.0 2020+0257 |1.27[ 101.0 20.19£0.310 1.54 101.0

phase 0.5 0.49 £0.011 224 98.0 0.51+0.018 3.53 102.0

PA 5.0 5.20+0.112 2.15( 1040 521+0.122 2.34 104.2

20.0 19.63+0.066 |0.34| 98.15 19.82 +0.298 1.50 99.1

0.5 0.48 +0.008 1.67| 96.0 0.48 +0.014 2.92 96.0

ACV 5.0 4.82 +£0.055 1.14| 96.4 5.03 +0.088 1.75 100.6

Human 20.0 20130208 |1.03| 100.7 20.22£0.311 1.54 101.1

urine 1.0 1.01 +0.034 337| 101.0 1.00 +0.036 3.60 100.0

PA 10.0 1040+0219 |2.11| 1040 10.24 +0.204 1.99 102.4

20.0 2046+0369 |1.80| 1023 20.20 £ 0.555 2.75 101.0

* Average of five determinations
3 Coefficient of variation

Robustness

The study involved calculations of small variations in the method
parameters including; mobile phase composition ratio, mobile phase
pH, detection wavelength and the flow rate. The data were presented
as percentage recovery in Table 4. None of these variables had a
significant effect on the determination of investigated drugs.
Therefore, the developed HPLC method was considered robust.

Table 4. Robustness of the developed HPLC method for 5
pg/ml ACV and 5 pg/ml PA

Selectivity

No interference from endogenous urine constituent was
observed also at the retention times of the studied drugs and
the internal standard as shown in Fig. 7.
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Fig 7. Chromatograms of (a) blank human urine, (b) standard
solution of 1ug/ml of each ACV and PA in the binary mixture and (c)
human urine spiked with 1 pg/ml of each ACV and PA in the binary

mixture using the proposed HPLC method conditions.

Pharmacokinetics of ACV in human urine

This method has been applied to the determination of ACV
in human urine following single oral administration of 400 mg
ACV with/without 500 mg PA in five healthy volunteers. Fig. 8
shows a typical urine concentration — time profile for both cases.
Resulted pharmacokinetic parameters are shown in Table 5.

é
E3]
249
o —4~ACYV alone
3
g R --ACV + PA
(] = .
=2 1 \
s / o
21 T 2
0 - —_—
O 1 2 3 4 5 6 7 8 9 10 11 12 13
Time (hrs)

Fig. 8. The human urine concentration vs time profile of ACV after a
% Recovery + SD . . . . .
] v o single oral administration of Zovirax suspension (400 mg ACV/5ml)
amp’e with/without paramol tablets (500mgPA/tablet).
No variation 98.18 = 1.78 102.85 = 1.88
Mobile phase rafio Ta?le..Phirmgcoklpgtlc.parameters‘ln htjlr(r)];n urxg\?ﬂgr alsmgtls
387 08 85 4 3.26 104.48 £ 293 oral adminis ratlon of Zovirax suspension (400 mg /5 ml) with/
without Paramol tablets (500 mg PA / tablet)
17 : 83 98.44 £ 1.37 102.76 + 4.42
Mobile phase pH Pharmacokinetic
. ACYV alone ACYV in presence of PA
4.2 97.48 £3.99 104.13 £ 3.21 Parameters
3.8 98.66 + 1.06 102.23 + 4.45 Co(ig mi'T) 5.00 3.00
Detection Ay Zmar(hrs) 3.00 3.00
250 nm 97.89 £ 2.04 102.30 £ 1.98 Iujrf’”'S) = 0693}"1{& 6.63 1027
258 nm 99.14 £2.61 103.65 + 3.09 MRT (hrs) 4.92 4.86
Flow rate AUC) .1 33.43 19.09
e |
0.9 ml min 99.66 + 3.58 104.13 £ 3.21 AUC, .., 41.61 20 85
1.1 ml min™* 99.88 + 1.44 103.68 + 4.82
K. 0.10 0.07
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Cinax. Maximum urine concentration.
tmax. Maximum urine concentration time.

AUC,.: Area under the urine concentration- time curve up to
the last measurable time point (12 hrs in this study).
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