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1 INTRODUCTION 

Viral infections remain the most common cause of disease in man. Fortunate- 
ly, most viral infections are self-limiting and mass immunizations have drastically 
reduced the number of complications and deaths from serious viral diseases such 
as poliomyelitis, mumps, m‘easles, rabies, smallpox and influenza. Great strides 
have been made in antiviral therapy and research, but ever present is the morbid- 
ity and mortality caused by hepatitis viruses, herpes viruses and cytomegalovirus 
in immunocompromised patients However, the impact of the human immunode- 
ficiency viruses (HIV-l and HIV-2), the causative agent of acquired immunode- 
ficiency syndrome (AIDS), in stimulating research is unequalled. AIDS is inva- 
riably fatal and the presently available treatments are extremely expensive; 
therefore, the need for the discovery of new and improved antiviral agents has 
never been greater [14] and, clearly, new bioanalytical technology will be re- 
quired for newly developed antiviral drugs. The purpose of this paper is to review 
present methodologies for existing antiviral drugs and to provide guidelines for 
the development of bioanalytical methods for new antiviral drugs. 

1 .I. Nomenclature and classl$cations 

The vast majority of antiviral compounds (Table 1) that are used clinically, or 
are being considered for use, are the nucleoside analogues [ 1,3] (Fig. l), which, for 
the purpose of this review, have been further divided into five groups: the arabi- 
nosides (1,2); ribavirin (3) and riboxamide (4); the acyclic guanosine derivatives 
(5-7); the 2’,3’-dideoxynucleosides (S-13); and the 5-halo-2’-deoxynucleosides 
(14-17). This list of nucleoside analogues does not include the large number of 
related compounds which are under pre-clinical or early clinical investigations [2] 
and has been restricted, for the purposes of this review, to those compounds for 
which there is a reasonable body of bioanalytical literature. The non-nucleoside 
drugs (Fig. 2) mostly represent a diverse class of structurally unrelated com- 
pounds and it is convenient to discuss their analysis individually in a section 
separate form the nucleoside analogues This group of drugs includes arildone 
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TABLE 1 

NOMENCLATURE OF THE ANTIVIRAL DRUGS 

Drug name Chemical names Common trade names Common 

abbreviation 

Acyclovir (5) 

Amanttdme (19) 

Amphgen (24) 

Arildone (18) 

Bromovmyldeoxyuri- 

dme (15) 

Carbovn (8) 

Cytarabme (2) 

Desciclovu (7) 

2’,3’-Didehydro-2’,3’- 

deoxythymidme (13) 

2’,3’-Dideoxyadenosme 

(9) 

2’,3’-Dideoxycytidme 

(IO) 

2’,3’-Dideoxymosme 

(12) 

Envuoxime (22) 

2’-Fluoro-5-iodo- 

aracytosme (16) 

9-[(2-Hydroxyethoxy)methyl]- 

guanme, 2-ammo-1,9-dihydro-9- 

[2-hydroxyethoxy]6H-punn-6- 

one; acycloguanosme 

Tncycio[3.3 1 1 3%7]decan- l- 

amme, 1-adamantanamme; 

I-aminoadamantane 

Mismatched double-stranded 

RNA 

4-[6-(2-Chloro-4-methoxyphe- 

noxy)hexyl]3,5heptanedione 

5-(2-Bromovmyl)-2’-deoxyundme 

Carbocychc 2’,3’-didehydro-2’,3’- 

dideoxyguanosine 

4-Ammo-1-/I-D-arabmofurano- 

syl-2(1H)-pyrimidmone, ~-/I-D- 

arabmofuranosylcytosme, l-p- 

cytosme arabmoside 

2-[(2-Ammo-9H-purm-9-y])- 

methoxylethanol, deoxyacyclovu 

I-(2,3-didehydro-3-deoxy$-o- 

erythro-pentofuranosyl)thymme 

2’,3’-Dtdeoxy-9-fi-ribofurano- 

syl-9H-purin-6-amme 

2’,3’-Dtdeoxy-4-ammo-l-/?-~- 

ribofuranosyll-2-(lH)-pynmidi- 

none 

2’,3’-Dtdeoxy-9-fl-ribofurano- 

syl-1,9-dihydro-6H-purm-6-one 

6-[(Hydroxyimmo)phenyl- 

methyl]-l-[(l-methylethyl)sulfo- 

nyl]-( 1 H)-bcnzimidazol-2-amme 

2’-Fluoro-S-iodo-4-ammo-l- 

P-D-arabmofuranosyl-2(lH)- 

pyrimidmone; 2’-fluoro-%odo-l- 

fi-D-arabmofuranosylcytosme 

Zovirax ACV 

Amazolon, Mantadix, 

Mantadan; Midantan, 

Mydantane; Symmetrel 

BVDU 

Alexan, Arabitm, 

Aracytidme; Aracytme, 

Ara-C, Cytosar, Er- 

palfa, Iretm, Udictl 

Ara-C 

DCV 

d4T 

DDA 

DDC 

DDI 

FIAC 

iContlnued on p. 298) 
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TABLE 1 (conmued) 

Drug name Chemtcal names Common trade names Common 

abbreviation 

Foscarnet sodmm (23) 

Ganctclovrr (6) 

Idoxurtdme (14) 

5-Iodo-2’-deoxycyttdme 

(17) 

Moroxydine (21) 

Rtbavnm (3) 

Rrboxamtde (4) 

Rtmanttdme (20) 

Vtdarabme (1) 

Ztdovudme (11) 

Dihydroxyphosphmecarboxyhc 

actd oxide trtsodmm salt, trrsodi- 

urn phosphonoformate 

9-(1,3-Dthydroxy-2-propoxy- 

methyl)guamne, 2-ammo- 1,9-dt- 

hydro-9-(1,3-drhydroxy-2-propo- 

xymethyl)-6H-purn-6-one 

I-(2-Deoxy-/?-u-rrbofuranosyl)-5 

todouractl, S-rodo-2’.deoxyurt- 

dme 

2’-Deoxy-5-todo-4-ammo-l-/S~- 

rtbofuranosyll-2-(1 K)-pyrtmtdt- 

none 

N-(Ammormmomethyl)-4- 

morpholmecarboxrmrdamtde, 

abitylguamde 

l-p-o-Rtbofuranosyl-lH-1,2,4- 

trtazole-3-carboxamtde 

2-B-D-RrbofuranosyWthrazol- 

carboxamtde, tiazofurm 

a-Methyltncyclo[3 3 1 1 3a7]de- 

can-I-methanamme, r-methyl-l- 

adamantanmethylamme 

9.pl-D-arabmofuranosyl-9H- 

purm-6-amme, 9-P-D-arabmo- 

furanosyladenine, adenme arabi- 

nosrde 

l-(3-Azrdo-2,3-dtdeoxy-B_D- 

erythro-pentofuranosyl)thymme, 

3’-aztdo-3’-deoxythymtdme 

DHPG 

Dendrid, Emantl, IDU; IDUR, 

Herptd, Herplex, IUDR 

Idexur, Idoxene, Idulea, 

Idu Oculos, Idundm, 

Kerecrd, Ophthalmt- 

dine. Stoxtl 

IDC 

Btoxme, Vnoml, Vrrus- ABOB 

mm, Virustat 

Vrramrd, Vtrazole RTCA 

TCAR 

Meradan 

Vera-A Ara-A 

Retrovir AZT 

(ES), amantldine (19), rimantidine (20), moroxydine (21), enviroxime (22), foscar- 
net (23) and ampligen (24, structure not shown). 

In addition to these drugs (l-24), immunomodulators are currently under 
intense investigation for the treatment of viral disease but because they represent 
a chemically and biochemically diverse group of compounds they were consid- 
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Vidarablne (1) Cytarabine (2) 

Acyclovlr (5) 

0 

Carbowr (8) 

0 

CH3 

Zidovudine (11) 

n 

HO HO 

s 

HO 

OH 

Ganc~clowi (6) 

Acvclic euanosine derivatives 

Ribavirm (3) Riboxamide (4) 

. . mawrin and Rlboxamlde 

2’,3’-Dideoxyadenosioe (9) 

OH 

I 

2’3’.Dideaxyinosme (12) 

“-Loll 

Desc~clovir (7) 

2’3’.Dldeoxycytidine (10) 

0 

CH, 

HO 

2,‘3’-Didehydro-3’-deoxy- 
thymidine (13) 

Fig 1 icontznued on p 300) 
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ldoxurldine (14) 2’.Fluoro-5-iodo- 
aracytosine (16) 

5.Iodo-2’-deoxy- 
cytldine (17) 

Halwenated Yucleosldes 

Fig. 1 Structures of the nucleoslde analogues with anbvlral actlvlty 

ered to be beyond the scope of this publication. The interferons have also been 
used as antiviral drugs; however, the use of chromatographic methods for the 
determination in biological fluids has been very limited. 

1.2. The need for bloanalysis of antlvwal agents 

The bioanalysrs of antiviral agents poses a particularly significant challenge 
because they tend to be structurally similar to endogenous substances and there- 
fore require highly selective btoanalytical methodology. The need for analytical 
selecitivity is particularly critical for the nucleoside analogues (1-17, Fig. 1) be- 
cause, in addition to their similarity with endogenous substances, they tend to be 
extensively metabolized to products that often have significant biological activity 

;c=o 
CH 

CH 3 

Arildone (18) 

A iivY 

ouN-cYC--NHI 
H 

Moroxydine (21) 

NH2 

Lb 
Amantidine (19) 

Qc,a>mz 

II 
I 

/ 
N 

SO2 

HO ‘X’=%k 

Enviroxime (22) 

CC 
I 
CH-h’H2 

Rimantidine (20) 

,P-COONa 

NaO 

Foscarnet (23) 

Fig 2 Structures of the non-nucleoslde antIvIral agents. 
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[l&4]. Therefore, chromatographic methods [5] for the analysis of antiviral drugs 
in biological fluids must be capable of separating and quantitating the metabo- 
lites as well as the parent compounds. Antiviral drugs also exhibit substantial 
intra- and inter-subject variability in their absorption, distribution, metabolism 
and elimination leading to wide variability in plasma and tissue concentrations. 
This variability m systemic concentrations probably helps to explain the range of 
response and toxicity that is generally observed with antiviral drugs, and can lead 
to modification of dosage regimens or withdrawal of treatment. Because of first- 
pass metabolism, the problem of variability in response is particularly acute with 
drugs such as zidovudine (11) that are administered orally. Although the ratio- 
nale for therapeutic drug monitormg of the newer orally administered antivirals 
has yet to be firmly established, recent reports on the variability in the pharmaco- 
kinetics of zidovudine (11) [6-161 indicate that it may be generally necessary. 

1.3. Handling of mfectious samples 

1.3.1. Potential sources of infection 
AIDS is invariably fatal and the contraction of other virally transmitted dis- 

eases such as hepatitis B can have serious and often fatal consequences. There- 
fore, even if the origin of a sample of a biological fluid or tissue from an animal, a 
patient or a volunteer is known, that sample must be treated with extreme cau- 
tion. All laboratories handling such potentially infectious samples must establish 
standard operating procedures based on published recommendations [ 17-381. 
These procedures are designed to eliminate direct contact with the specimens and 
are subject to frequent review. Skin, mucous membranes and the respiratory tract 
should be considered possible routes of entry for infectious materials. Gloves, 
masks and eye protection should be worn at all times. Hands should be washed 
with soap and water, even if gloves have been worn. Precautions must be taken to 
avoid contact with sharp or broken objects, to avoid splashing and spilling of 
contaminated materials and to ensure proper disposal of all contaminated mate- 
rials, especially syringes and needles. Personnel should not be allowed to handle 
biological samples without prior instruction and they should not be allowed to 
work independently until they have demonstrated competency. For all materials 
and equipment that have been in direct contact with potentially infectious sam- 
ples, viruses should be assumed to be viable. More detailed guidelines on avoid- 
ing personnel contamination by infective agents in research laboratories that use 
human tissues are to be found in a recent review by Grizzle and Polt [36]. 

1.3.2. Heat inactivation of viruses 
It has been recommended that biological samples contaminated with viruses 

be heated to 5660°C for 10-30 min, conditions that are known to prevent the 
transmission of bloodborne infections, including hepatms B [23-261. However, 
the Centers for Disease Control (CDC) have stated: “it 1s not certain how effec- 
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tive 56-60°C heat is in destroying HIV m serum ([19,20,27]), but heating small 
volumes of serum for 30 minutes at 56°C before serological testing reduces resid- 
ual infectivity to below detectable levels. Such treatment causes false-positive 
results m HIV enzyme immunoassays ([28-311) and may also affect some bio- 
chemical assays performed on serum ([28,32,33 1)“. Uncertamty over the effec- 
tiveness of heating at 56°C for 30 min has prompted the American Society of 
Hospital Pharmacists to recommend [17] heating HIV-infected samples to 56°C 
and maintaining that temperature for at least 5 h. It is known [6,22] that heating 
to 56°C for 60 min does not compromise the chemical stability of the most com- 
monly used anti-AIDS drug, zidovudine (11); however, future validation proce- 
dures for the bioanalysis of any anti-AIDS drug and its metabolites should in- 
clude a stability study in the relevant biological fluids. These stability studies 
should be conducted at a temperature of 60°C for at least 5 h because these are 
more excessive conditions than any of those presently used to inactivate HIVs. 
Recent work in this laboratory [16] has shown that heating plasma to temper- 
atures greater than 60°C results in denaturation of proteins and a coincidental 
reduction in the extraction efficiency of zidovudine (11). 

1.3.3. Direct injection of biological fluids 

The procedures described to date have been designed to minimize exposure 
during routine treatment of potentially infectious samples prior to chromatogra- 
phy or other bioanalytical methods. The chance of accidental bodily contact with 
virus-infected samples is highest in routme clinical laboratories that handle large 
numbers of samples. In a recent review on therapeutic drug monitoring, Wong 
[38] has advocated the use of automatic methods of analysis including robotics, 
direct injection and column switching as possible ways of reducing the handling 
of biological fluids to an absolute mmimum. 

2 NUCLEOSIDES 

Details of the various methods that have been described for the analysis of the 
nucleoside antiviral drugs are summarized in Table 2. 

2.1. Liquid chromatography 

Liquid chromatography (LC) with detection by ultraviolet (UV) absorption is 
the method of choice for the routine determination of nucleosides in biological 
fluids. Fluorescence, mass spectroscopic (MS) and electrochemical detection 
(ED) are other options in LC for more specialized applications. 

2.1 .I, Detection systems 
2.1.1 .l. Absorbance. The majority of LC methods for the analysis of the nucle- 

osidic antiviral agents in biological samples (Table 2) use UV absorbance [6-12, 
14-1639-991 for detection. In solutions of neutral to mildly acidic pH, the nat- 
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m-ally occurring nucleosides (adenosine, cytidme, guanosme, thymidme and uri- 
dine) have absorption maxima between 260 and 280 nm and molar absorptivities 
at those maxima of between 10 000 and 15 000 (Table 3). The intense absorption 
of UV light arises from the hereocyclic ring systems of the nucleosides and gener- 
ally allows LC detection limits of 5-50 ng/ml to be achieved in plasma and serum 
when UV detection is employed Because of interferences from structurally relat- 
ed endogenous substances, detection limits in urine tend to be somewhat higher 
and are generally in the range 20-200 ng/ml. The absorption spectra of the nucle- 
osides exhibit shifts in intensity and wavelength maxima with changes in pH of 
the solvent; however, the changes in intensity with change m pH are not generally 
sufficient to have any significant effect on the sensitivity of LC assays. 

Because of the similarity of the nucleosidic antiviral drugs and endogenous 
compounds, peak identification and peak homogeneity are important issues to be 
addressed when a non-specific method of detection, such as UV absorbance, is 
employed. Interestingly, Shrecker and Urshel [39] m one of the earliest papers 
written on the LC of nucleosides and antiviral drugs described the value of the 
ratio of the peak heights measured at two wavelengths (typically 260 and 280 nm) 
for the determination of peak purity. With the advent of diode-array detectors, 
multi-channel UV detection of nucleosides is ideally suited for peak-purity testing 
[39,80,10&l 021. Peak identification in t’he chromatography of the nucleoside an- 
tiviral drugs can be further complicated by extensive metabolism of the parent 
compound, which can give rise to numerous metabolites. Consequently, metabo- 
lism studies are frequently conducted in vivo and in vitro with radiolabeled materi- 
al to aid the identification of chromatographic peaks. For example, Femberg et 

al [93] have used both UV detection and on-line radioactivity monitoring for the 
identification of several metabolites of 2’-fluoro-5-iodoaracytosine (FIAC) (16) 

(Fig. 3) in the urine of patients infected with Herpes virus following intravenous 
administration of drug spiked with 190 &i of [2-i4C]FIAC. 

2.1.1.2. Fluorescence. Fluorescence has not been as widely used as UV absor- 
bance for the detection of nucleosides or nucleosidic antiviral agents in biological 
samples because the purme and pyrimidine ring systems are only significantly 
fluorescent in their protonated forms. For example, it has been observed [103- 
1 131 that the guamne and adenine derivatives are fluorescent in aqueous solutions 
of low pH and this observation has been exploited [114-l 171 for the detection of 
nucleosides and their bases in LC eluents. Because of the instability of the silica- 
based bonded phases available at the time, Assenza and Brown [114] used a 
post-column reactor to lower the mobile phase pH prior to the fluorescence detec- 
tion of purines. Subsequently, Borak and Smrz [ 1151 and Jandera et al. [ 1161 have 
detected nucleosides and bases by fluorescence following their separation on sta- 
ble, polymeric stationary phases eluted with acidic mobile phases. This approach 
[ 114-l 171 to nucleoside analysis was later adapted by Salamoun et al. [ 1171 for the 
determination of acyclovir (5) in plasma. Fig 4 shows that the fluorescence of 
acyclovir (5) increases dramatically with increasing acidity of the solution below 



304 C M RILEY et al 

6 
? 
d 

N 

Y 



L
C

 
FL

 (
I,

, 
28

5 
G

ua
rd

 
co

l-
 

nm
, 

I,
, 

37
0 

um
n,

 S
ph

er
on

 
nm

 c
ut

-o
ff

 
M

ic
ro

 
30

0 
(1

6 
fi

lte
r)

 
pm

, 
1.

50
 x

 
3 

2 
m

m
),

 a
na

ly
t-

 
tc

al
 c

ol
um

n,
 

Sp
he

ro
n 

M
ac

ro
 3

00
 

(1
2.

5 
pm

, 
15

0 
x 

3.
2 

m
m

) 

L
C

 
E

D
 

T
L

C
 

B
V

D
U

 (
15

) 
L

C
 

L
C

 

Pa
rt

ts
tl 

10
 

So
dm

m
 p

er
ch

lo
ra

te
 

(0
 1

 
15

0 
pg

 
N

on
e 

SC
X

 (
10

 .n
m

, 
M

) 
m

 a
m

m
on

m
m

 
ph

os
- 

25
0 

x 
4 

2 
ph

at
e 

(0
 0

1 
M

) 
(p

H
 

m
m

) 
3)

-m
et

ha
no

l 
(9

7 
3,

 v
/v

) 

FL
 

Sr
hc

a 

(U
V

 (
25

4 
nm

) 
G

ua
rd

 
co

l-
 

um
n,

 C
or

as
ll 

(3
7 

pm
, 

20
 X

 
3 

9 
m

m
),

 
an

al
yt

tc
al

 
co

lu
m

n,
 

PB
on

da
pa

k 

C
,, 

(1
0 

pm
> 

30
0 

x 
3 

9 

m
m

) 

U
V

 (
29

2 
nm

) 
Sp

he
ri

so
rb

 
O

D
S 

2 
(5

 p
m

, 
12

5 
x 

4.
6 

m
m

) 

Ph
os

ph
or

rc
 

ac
id

 (
0.

1 
M

) 
1 

ng
/m

l 
an

d 
so

di
um

 s
ul

fa
te

 (
0.

1 

W
t&

H
l8

) 

Pl
as

m
a 

B
ut

an
ol

-a
&

a 
ac

td
- 

80
 n

g 

w
at

er
 (

60
.2

0 
30

, v
/v

) 

A
ce

to
m

tr
tle

-p
ho

sp
ha

te
 

25
 n

g/
m

l 
bu

ff
er

 (
7 

m
M

) 
(p

H
 7

) 
(1

2 
58

7 
5,

 v
/v

) 

Pl
as

m
a 

an
d 

ur
m

e 

Pl
as

m
a 

Fl
uo

re
sc

en
ce

 
at

 l
ow

 p
H

 
Sa

la
m

ou
n 

et
 

al
. 

[1
17

] 

St
ab

ili
ty

 s
tu

dr
es

 
V

is
or

 e
t 

al
 

t1
32

1 

Fl
uo

re
sc

am
in

e 
de

rt
v-

 
at

rz
at

io
n 

R
ay

 [
12

8]
 

O
ra

l 
br

oa
va

rl
ab

ili
ty

 
in

 m
an

 
R

ob
m

so
n 

er
 

an
d 

th
e 

ra
t 

al
. 

(9
41

 

G
ra

dt
en

t 
so

lv
en

t 
A

, 
0 

17
5 

nc
M

 
Se

ru
m

, 
ur

m
e 

C
el

lu
la

r 
up

ta
ke

 
an

d 
m

et
ab

- 
A

~I
SI

 et
 a

l 

m
et

ha
no

l-
te

tr
ab

ut
yl

 
(s

er
um

),
 

an
d 

H
er

pe
s 

oh
sm

 c
n 

vu
ro

 
I9

51
 

am
m

on
m

m
 

br
om

id
e 

3 
p
M
 

(u
rm

e)
 

sr
m

pl
ex

 c
el

ls
 

(1
2.

5 
m

M
) 

an
d 

so
dm

m
 

g 1.
. 

--
--

. 
.-

 
._

 
_,

 

(C
on

tr
nu

ed
 o

n 
p.

 3
06

) 













G
C

 

G
C

 

G
C

 

G
C

 

D
D

A
 

(9
) 

L
C

 

L
C

 

M
S 

(C
I,

E
I)

 
3%

 
ov

-1
7 

on
 

C
hr

om
-Q

 

(2
30

°C
) 

N
PD

, 
F

ID
 

or
 

3%
 

SE
-3

0 
or

 

M
S 

ov
- 

17
 (

28
0°

C
) 

N
PD

, 
F

ID
 

or
 

3%
 

SE
-3

0 
or

 

M
S 

O
V

- 
17

 (
23

0°
C

) 

M
S 

3%
 

SE
-3

0 

(2
50

°C
) 

U
V

 
(2

54
 

nm
) 

@
on

da
pa

k 

or
 

R
A

 
C

,, 
(1

0 
It

m
, 

15
0 

x 
3.

9 
m

) 

U
V

 
(2

54
 

nm
) 

(a
) 

U
ltr

a-
 

or
 

R
A

 
sp

he
re

 
O

D
S 

(5
 p

m
, 

25
0 

x 
4.

6 

m
m

) 
or

 
(b

) 

U
tr

em
cx

 

C
lB

IP
 

(5
 p

m
, 

25
0 

x 
4.

6 

m
m

) 

H
e(

E
I)

, 
C

H
,(

C
I)

 
10

 n
g 

H
el

iu
m

 
5&

50
0 

pg
 

H
el

iu
m

 
1 

ng
/m

l 
(M

S
);

 
Pl

as
m

a 

70
 n

g/
m

l 

(N
F

ID
) 

N
.S

. 
N

.S
. 

M
et

ha
no

l-
K

H
,P

O
, 

(1
0:

90
, 

v/
v,

 
pH

 
4.

5)
 

10
0 

nM
 

(U
V

) 
Pl

as
m

a 

(a
) 

am
m

on
iu

m
 

di
hy

dr
o-

 

ge
np

ho
sp

ha
te

 
(1

0 
m

M
, 

pH
 

hX
tN

,N
-d

im
et

hy
l-

 

fo
rm

am
id

e 
(9

2.
5:

7.
5,

 
v/

v)
 

or
 

(b
) 

gr
ad

ie
nt

 
el

ut
io

n,
 

so
lv

en
t 

A
, 

am
m

on
iu

m
 

di
hy

dr
og

en
ph

os
ph

at
e 

(2
0 

m
M

, 
pH

 
6.

8)
 

an
d 

te
tr

a-
 

bu
ty

la
m

m
on

iu
m

 
ph

os
- 

ph
at

e 
(5

 m
M

);
 

so
lv

en
t 

B
, 

so
lv

en
t 

A
-N

,N
-d

im
et

hy
l-

 

fo
rm

am
id

e 
(9

0:
 1

0,
 v

/v
) 

20
0 

ng
/m

l 

(U
V

) 

Se
ru

m
 

N
on

e 

U
ri

ne
 

Pl
as

m
a 

Ph
ar

m
ac

ok
in

et
ic

s 
Pa

nt
ar

ot
to

 
el

 

al
. 

[1
38

] 

T
M

S
 

an
d 

ot
he

r 
si

ly
l 

de
ri

v-
 

B
ou

ta
gy

 
an

d 

at
iv

es
 

H
ar

ve
y 

[1
41

] 

C
lin

ic
al

 
ph

ar
m

ac
ok

in
et

ic
s 

B
ou

ta
gy

 
an

d 

H
ar

ve
y 

[ 1
42

1 

A
ce

ty
la

tio
n 

an
d 

m
et

hy
la

- 

tio
n 

M
ak

in
o 

et
 a

l. 

[1
43

] 

C
lin

ic
al

 
ph

ar
m

ac
ol

og
y 

K
oe

lle
r 

et
 a

l. 

[7
81

 

Ph
ar

m
ac

ok
in

et
ic

s 
in

 t
he

 
ca

t 
K

ah
n 

an
d 

H
ill

 

]7
91

 

(C
on

ti
nu

ed
 

on
 p

. 
31

2)
 







T
A

B
L

E
 

2 
(u

m
tm

ue
d)

 
w

 
z 

- 

D
ru

g 
M

et
ho

d”
 

D
et

ec
tr

on
b 

C
hr

om
at

og
ra

ph
tc

 
co

nd
ttt

on
s 

L
tm

it 
of

 
Sa

m
pl

e 
C

om
m

en
ts

 
R

ef
er

en
ce

s 

~_
_ 

de
te

ct
to

n’
 

m
at

rt
x 

St
at

to
na

ry
 

M
ob

ile
 

ph
as

e 
or

 
ph

as
e’

 
ea

rn
er

 
ga

s 

L
C

 

m
m

);
 a

na
ly

t-
 

tc
ai

 c
ol

um
n,

 
Zo

rb
ax

 
c,

 
(6

 

gr
n,

 2
50

 x
 

4 
6 

m
m

) 

U
V

 (
25

4 
nm

) 
(a

) 
U

ltr
a-

 
or

 R
A

 
sp

he
re

 O
D

S 

(5
 ,m

n,
 

25
0 

x 
46

 
m

m
) 

or
 (

b)
 

U
tr

em
cx

 
C

l 8
1P

 (
5 

/I
rn

, 
25

0 
x 

4 
6 

m
m

) 

D
es

ct
cl

ov
tr

 
L

C
 

(7
) 

U
V

 (
30

0 
nm

) 
M

tc
ro

so
rb

 
C

,, 
(5

 p
m

, 
25

0 
x 

46
m

m
) 

(b
) 

A
ce

to
m

tr
tle

w
at

er
 

(5
 9

5,
 v

/v
) 

co
nt

ai
nm

g 
am

m
om

um
 

dt
hy

dr
og

en
- 

ph
os

ph
at

e 
(1

00
 m

M
) 

(a
) 

am
m

on
m

m
 

dt
- 

20
0 

ng
/m

l 
hy

dr
og

en
ph

os
ph

at
e 

(1
0 

m
M

, 
pH

 6
 8

)-
N

,N
- 

dl
m

et
hy

lf
or

m
am

ld
e 

(9
2.

5.
7.

5,
 v

/v
) 

or
 g

ra
dt

en
t 

el
ut

io
n 

so
lv

en
t 

A
, 

am
- 

m
on

iu
m

 
di

hy
dr

og
en

- 
ph

os
ph

at
e 

(2
0 

m
M

, 
pH

 
6 

8)
 a

nd
 t

et
ra

bu
ty

la
m

m
o-

 
m

um
 p

ho
sp

ha
te

 
(5

 m
M

),
 

so
lv

en
t 

B
; 

so
lv

en
t 

A
- 

N
,N

-d
rm

et
hy

lf
or

m
am

rd
e 

(9
0 

10
, v

/v
) 

Pl
as

m
a 

Ph
ar

m
ac

ok
m

et
tc

s 
m

 t
he

 c
at

 
K

ah
n 

an
d 

H
ill

 

17
91

 

G
ra

di
en

t 
so

lv
en

t 
A

, 
am

m
om

um
 

fo
rm

at
e 

(p
H

 
3 

5,
 2

5 
m

M
),

 
so

lv
en

t 
B

, 
ac

et
on

itr
ile

-a
m

m
on

iu
m

 
ph

os
ph

at
e 

(p
H

 7
 2

,2
5 

m
M

) 
(6

0 
40

, 
v/

v)
 

Pl
as

m
a,

 
U

rm
e 

M
et

ab
ol

is
m

 
an

d 
ph

ar
m

ac
o-

 
K

ra
sn

y 
an

d 
c,

 
km

et
tc

s 
m

 m
an

 
Pe

tty
 (

76
1,

 
f 

Pe
tty

 e
t 

al
. 

%
a 



CHROMATOGRAPHY OF ANTIVIRAL AGENTS 



T
A

B
L

E
 

2 
(c

on
 t

m
ue

d)
 

2 

D
ru

g 
M

et
ho

d”
 

D
et

ec
tlo

nb
 

C
hr

om
at

og
ra

ph
lc

 
co

nd
ltl

on
s 

_ 

L
im

it 
of

 

de
te

ct
lo

nd
 

Sa
m

pl
e 

m
at

ri
x 

C
om

m
en

ts
 

m
 

R
ef

er
en

ce
s 

St
at

io
na

ry
 

ph
as

e’
 

L
C

 

L
C

 

L
C

 

Id
ox

ur
ic

lm
e 

L
C

 

(1
4)

 

U
V

 
(2

54
 

nm
) 

IB
M

 
R

P-
18

 
(5

 

pm
, 

25
0 

x 
4 

m
m

) 

U
V

 
(2

54
 

nm
) 

Su
pe

lc
os

ll 
(5

 

pm
, 

15
0 

x 
46

 

m
m

) 

(a
) 

E
D

 
(+

 
1 

2 
(a

) 
Pa

rt
ls

ll 
(a

) 
So

dm
m

 
pe

rc
hl

or
at

e 
15

0 
pg

 
(E

D
);

 

V
 v

s 
A

g/
 

10
25

 O
D

S-
3 

(0
 
1 

A
4)

 m
 a

m
m

on
i-

 
75

0 
Pg

 
(U

V
) 

A
gC

l)
 

or
 

(b
) 

(5
 p

m
, 

25
0 

x 
um

ph
os

ph
at

e 
(0

 0
1 

M
) 

U
V

 
(2

54
 

nm
) 

4 
2 

m
m

) 
or

 
(b

) 
(p

H
 

3 
w

ith
 

ph
os

ph
or

ic
 

Pa
rt

is
il-

10
25

 
ac

id
)-

m
et

ha
no

l 
(9

7 
3,

 

SC
X

 
O

D
S-

3 
v/

v)
 

or
 

(b
) 

am
m

om
- 

(5
 /

*m
. 

25
0 

x 
um

ph
os

ph
at

e 
(0

 0
1 

42
m

m
) 

M
)-

m
et

ha
no

l 
(7

2 
28

, 
v/

v)
 

U
V

 
(2

54
 

nm
) 

(a
) 

PP
or

as
ll 

(1
0 

pm
, 

30
0 

x 

4 
m

m
) 

or
 

(b
) 

FB
on

da
pa

k 

C
,, 

(1
0 

pm
, 

30
0 

x 
3 

9 

m
m

) 

M
ob

ile
 

ph
as

e 
or

 

ca
rr

ie
r 

ga
s 

H
ep

ta
ne

su
lf

om
c 

ac
id

 
(5

 
10

0 
ng

jm
l 

Pl
as

m
a 

rn
q 

in
 p

ot
as

sm
m

 
ph

os
- 

ph
at

e 
bu

ff
er

 
(2

0 
m

M
, 

pH
 

2.
6)

-a
ce

to
m

tr
ile

 
(9

7 
5 

2 
5,

 

vl
v)

 

So
di

um
 

ac
et

at
e 

(5
 m

M
) 

50
 n

g/
m

l 

an
d 

so
di

um
 

pe
nt

an
e-

 
(s

er
um

) 

su
lf

on
at

e 
(5

 m
M

) 
(p

H
 

6.
5 

w
ith

 
N

aO
H

) 

Se
ru

m
 

an
d 

ur
in

e 

(a
)D

ic
hl

or
om

et
ha

ne
- 

N
 S

 

m
et

ha
no

l 
(9

5 
5,

 v
/v

) 
or

 

(b
) 

M
et

ha
no

l-
w

at
er

 

(1
3.

87
, 

v/
v)

 

E
ye

 
dr

op
s 

C
hn

m
al

 
ph

ar
m

ac
ok

m
et

lc
s 

So
m

m
ad

os
sl

 

an
d 

B
ev

an
 

[7
3,

75
1 

C
hm

ca
l 

ph
ar

m
ac

ok
m

et
ic

s 
W

dt
m

k 
et

 a
l 

[7
41

 

V
is

or
 

(‘
1 

ol
 

~1
32

1 

Q
ua

ht
y 

co
nt

ro
l 

C
ar

r 
[8

9]
 











L
C

 
U

V
 

(2
66

 
nm

) 
C

,, 
(3

 p
m

, 
A

ce
to

ni
tr

ile
-p

ho
sp

ha
te

 
11

 n
g/

m
l 

10
0 

x 
3.

2 
(p

H
 

2.
2,

 
30

 m
M

) 
(9

:9
1,

 

m
m

) 
v/

v)
 

L
C

 
U

V
 

(2
65

 
nm

) 
L

iC
hr

os
or

b 

R
P8

 
(1

0 
pm

, 

30
0 

x 
3.

9 

m
m

) 

A
ce

tic
 

ac
id

 
(I

%
, 

pH
 

20
 n

g/
m

l 
Pl

as
m

a 
an

d 
C

lin
ic

al
 

ph
ar

m
ac

ok
in

et
ic

s 
iz

 
U

nd
er

be
rg

 
et

 
$ 

5)
)m

et
ha

no
l 

(8
2:

8,
 

v/
v)

 
(p

la
sm

a)
 

an
d 

ur
in

e 
al

. 
[9

] 

20
0 

ng
/m

l 

(u
ri

ne
) 

L
C

 
L

C
 

U
V

 
(2

67
 

nm
) 

C
ol

um
n 

1,
 

Pi
nk

er
to

n 

IS
R

P 
(5

 p
m

, 

15
0 

x 
4.

6 

m
m

);
 

co
lu

m
n 

2;
 t

w
o 

C
yc

lo
- 

bo
nd

 
I 

(5
 p

m
, 

10
0 

x 
4.

6 
m

m
 

an
d 

5 
pm

, 
25

0 

x 
4.

6 
m

m
) 

C
om

pl
ex

 
so

lv
en

t 
pr

o-
 

31
2 

ng
/m

l 

gr
am

m
in

g 
(s

ee
 r

ef
. 

10
) 

L
C

 
U

V
 

(2
66

 
nm

) 
Su

pe
lc

os
il 

L
C

-1
8 

(5
 p

m
, 

15
0 

x 
4.

6 

m
m

) 

A
ce

to
nt

ri
le

-a
m

m
on

iu
m

 
15

 n
g/

m
l 

di
hy

dr
og

en
ph

os
ph

at
e 

(1
0 

m
A

4)
 (

9:
91

) 

L
C

 
uv

 
(a

) 
Pd

rt
is

il 

O
D

S-
2 

(1
0 

pm
, 

25
0 

x 
4.

6 

m
m

) 
or

 
(b

) 

Pa
rt

is
il 

M
9 

(1
0 

pm
, 

25
0 

x 

9 
m

m
) 

(a
) 

G
ra

di
en

t: 
so

lv
en

t 
A

, 
N

S 

ph
os

ph
at

e 
bu

ff
er

 
(p

H
 

3,
 

10
 m

A
4-

m
et

ha
no

l 
(9

5:
5,

 

v/
v)

; 
so

lv
en

t 
B

, 
ph

os
- 

ph
at

e 
bu

ff
er

 
(p

H
 

3,
 

10
 

m
w

-m
et

ha
no

l 
(5

5:
45

, 

v/
v)

 
or

 
(b

) 
gr

ad
ie

nt
: 

so
lv

en
t 

A
, 

m
et

ha
no

ls
 

ch
lo

ro
fo

rm
 

(1
:9

9,
 

v/
v)

; 

so
lv

en
t 

B
: 

m
et

ha
no

l-
 

ch
lo

ro
fo

rm
 

(9
:9

1,
 

v/
v)

 

Se
ru

m
 

So
lo

m
on

 
[8

] 

k1
 

?J
 

%
 

Pl
as

m
a 

Ph
ar

m
ac

ok
in

et
ic

s 
in

 t
he

 
ca

t 
M

at
he

s 
et

 a
l. 

U
O

I 
s %

 

5 2 B
 

%
 

Pl
as

m
a 

an
d 

T
w

o 
in

te
rn

al
 

st
an

da
rd

s 
to

 
H

ed
ay

a 
an

d 

ur
in

e 
ac

co
un

t 
fo

r 
ra

ng
e 

of
 

Sa
w

ch
uk

 
[1

 I]
 

co
nc

en
tr

at
io

ns
 

en
co

un
te

re
d 

N
on

e 
D

eg
ra

da
tio

n,
 

in
 v

itr
o 

B
ru

ba
ke

r 
an

d 

Pr
us

of
f 

[1
2]

 

w
 t!
 

(C
on

ti
nu

ed
 

on
 p

. 
32

2)
 















































344 C M RILEY et al. 

say (FPIA) for zidovudme (11) which is claimed to be more sensitive than LC. 
The FPIA requires only 50-60 ~1 of plasma compared with 200-500 ~1 for a 
typical LC method, and interference from 41 and other related compounds is 
insignificant. Additionally 45 samples per hour can be analyzed by FPIA com- 
pared with 3 per hour by LC, making the former particularly attractive for the 
therapeutic drug monitoring. 

The metabolism of 2’,3’-dideoxyadenosme (9) and 2’,3’-dideoxycytidine (10) 
proceeds via phosphorylation and deammation in the same manner as 1 and 2 
(Fig. 13), with the former reaction resulting in the major mtracellular products 
and the latter being the major mechanism of clearance from the body. Ion-ex- 
change LC with radioactivity detection [80] has been described for the determina- 
tion of 9 and 10 and their phosphorylated metabolites. Reversed-phase [80,8 l] or 
reversed-phase ion-pair [79] LC with UV detection represent more convenient 
methodologies for pharmacokmetic investigations in which determination of the 
DDI (12) and 2’,3’-dideoxyuridine (DDU) (42), metabohtes of 10 and 11, respec- 
tively, are more relevant. Anticipating the further metabolism of DDI (12) to 
hypoxanthine (43), xanthine (44) and uric acid (45), Kalin and Hill [79] have 
developed a reversed-phase method for the simultaneous determination of all the 

Fig 16. Determmatlon of zldovudme (AZT) (11) and Its major metabohte (GAZT) (41) m human serum 

(A) Normal serum from five donors, (B) serum from an AIDS patient prior to receiving 11; (C) serum 

obtained 2.5 h after oral admmlstratlon of 11 Conditions. see Table 2 (Reproduced from ref 6 with 

permission ) 
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B 

Frg. 17 Separatton of (A) a mtxture contammg 500 ng each of the standards of DDA (9), DDI (12), 

hypoxanthme (Hx) (43) and uric actd (WA) (45), (B) blank mouse plasma and (C) plasma from a mouse 5 

mm followmg mtraperitoneal admunstration of DDA (478 mg/kg) The Internal standard was N-meth- 

yl-2’-deoxyadenosme Conditions see Table 2 (Reproduced from ref 79 with permisston ) 

possible catabolites of DDA (9) (Fig. 17). By administering tritiated 10 they [79] 
were able to show that deamination is the major mechanism of clearance of the 
drug. Previously, Blau et al. [133] had shown using LC-MS that deamination of 9 
can occur, in vitro, in RPMI- 1640 growth medium as well as in human and mouse 
plasma. 

2.3.5. 5-Halo-2’-deoxynucleosides 
S-Iodo-2’-deoxyuridine (idoxuridine) (14) was the first clinically useful anti- 

viral drug. Systemic toxicity, however, has limited its application to the treatment 
of infections of the eye and skin caused by the Herpes vu-uses. Therefore, most of 
the LC methodology developed for the analysis of idoxuridine (14) has concen- 
trated on applications such as quality control [89,13 l] and stability testing [90]. 
Sincholle et al. [91] have used LC with UV detection to study the cornea1 metabo- 
lism and penetration of idoxuridine (14) and the related antiherpetic drug 5- 
iodo-2’-deoxycytidine (17). Because the two drugs (14 and 17) were separated on 
an Aquapore RP 300 column with a mobile phase of acetic acid-water (1:99, v/v), 
one drug could be used as an internal standard for the determination of the other 
in the aqueous humor of the rabbit. 

The clinical effectiveness of idoxuridine (14) against Herpes simplex virus and 
its structural sunilarity to the potent antimetabolite 5-fluorouracil has resulted in 
the synthesis of a number of biologically active 5-halo-2’-deoxynucleosides [I]. 
Out of this group of potential antiviral drugs, (15) and FIAC (16) have emerged 
and have shown sufficient promise m animal and tissue culture models to warrant 
further clinical investigation. 
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The analysis, pharmacokinetlcs and metabolism of FIAC (16) have been stud- 
led extensively by Philips and co-workes [92,93] using reversed-phase LC By 
administering [2-14C[FIAC to mice, they were able to show that the major metab- 
olite of FIAC (16) arlses from deamination to 2’-deoxy-2’-fluoro-5-lodoarauri- 

0 
HO HO1 

FIAC (16) FAC (47) 

FIAU (46) FAU (48) 

HO 
I 
H 

BVDU (15) BVU (49) 

Fig. 18 Metabolism of FIAC (16) and BVDU (15) The metabohc steps leadmg to the glucuromdes of 

FIAC (16) and the mono-, dl- and trlphosphates of BVDU (15) have been omltted for clarity 
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dme (FIAU) (46) (Fig. 18) with deiodination to 2’-fluoroaracytosme (FAC) (47) 
and 2’-fluoroarauridine (FAU) (48) and glucuronidation representing less impor- 
tant metabolic pathways (Fig. 17). In contrast, after administration of [2- 
14C]FIAC to dogs, the 24-h urinary radioactivity was mainly composed of un- 
changed drug and the detodinated products (47 and 48). The initial studies on the 
metabolism of FIAC (16) m mice and dogs involved precipitation of proteins with 
perchloric or trichloroacetic acid, followed by separation on an ODS column 
with a linear gradient of 0 to 30% methanol m a sodium phosphate buffer (0.02 
M, pH 3.0). Subsequently, this group [93] used the same analytical methodology 
to study the metabolism and pharmacokmetics of FIAC (15) following intrave- 
nous administration of the drug to immunosuppressed patients with Herpes virus 
infections In man, FIAC (16) was found to be cleared primarily by deammation 
to FIAU (46), which is an active metabolite and was cleared much more slowly 
than the parent compound. Therapeutic levels of FIAU (46) were maintained for 
more than 12 h, leading to the conclusion [93] that the antiviral activity of FIAC 
(16) observed m viva is due to its primary metabolite rather than the drug itself. 

Several LC methods have been described [94-971 for the determination of the 
antimetabohte BVDU (15) its major catabohte 5-bromovinyluracil (BVU) (49) 
[92,93] and its major intracellular anabolites, the mono-, di- and triphosphate 
esters [93,95]. Because they are neutral molecules, BVDU (15) and its primary 
excretory metabolite BVU (49) are most easily separated by reversed-phase LC, 
which permits separations on the basis of hydrophobicity. On the other hand, 
anion-exchange chromatography represents the most convenient method for the 
separation of BVDU and its phosphate esters [93,95]. 

Reeuwtjk et d. [96] have criticized the early methods [94,95] for the determina- 
tion of BVDU (15) for having complex and time-consuming sample preparation 
steps. For example, the method of Ayisi et al. [95] involves deproteination with 
perchloric acid followed by lyophihzation of the supernatant obtained after cen- 
trifugation. The method of Robinson et al [94] is less complex but still mvolves 
extraction of the drug from plasma mto ethyl acetate followed by phase sep- 
aration, evaporation of the solvent and reconstitution of the final residue m 
mobile phase Reeuwijk et al. [96] have developed a simpler method for the analy- 
sis of BVDU (15) in plasma, which involves deprotemation with perchloric acid 
followed by direct injection of the supernatant onto an ODS column and detec- 
tion at 307 nm. They also showed that the extent of plasma-protein binding of 
BVDU (15) could be determined by ultrafiltration through YMT membranes 
(Amicon, Danvers, MA, U.S.A.) (cut-off 30 000 daltons) and direct mjection of 
the filtrate. Because of the low concentration of BVDU (15) excreted unchanged 
into human urine, solvent extraction was still necessary for the analysis of the 
drug in urine. Reeuwijk et al. [96] did not discuss the analysis of BVU, the major 
metabolite of BVDU, and it may be concluded that the simpler method described 
by this group would be useful for routme pharmacokinetic investigations (i.e. in 
therapeutic drug monitoring) where information on the metabolism of the drug is 
not required. 
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