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* One Step RT-PCR (TaKaRa) 10
- SuperSeript Onestep RT-PCR for Long Template (Invitrogen) 2
Two-step RT-PCR i£ 3
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+ PCR Master Mix (Promega) 1

+ Taqg DNA polymerase (Biotech International) 1
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ABI PRISM 3730S (Applied Biosystems) 1
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Bhadsh S OREEROFERAMHECT S0Hic, B~
B RNA Y 7 &% b 7 o — ALEEARHE HIV-1 % 2 1
MR £, 97, ZRIYE HIV-D 2 (3 % 2 Foilifio
fERAS, S HIV-1 RNA %, QIAamp Viral RNA Kit
(QIAGEN, CA, USA) W THEIL 72, iRIZ, gag (7 3
VRS 412FN S 500&), FuF T —+H (PR, 7 /B
Tt Fd o 99 F), Wi JR%E (RT, 7 3 /7 f&F 140y
o 260 /) OELTREE S 1.3kb © DNA Wil %,
RT-PCR 2 THE L /2. RT-PCR (%, Superscript One-Step
RT-PCR (Invitrogen, CA, USA), K1 (5-AAG GGC TGT
TGG AAA TGT GG-3"), UlI3 (5-CCC ACT CAG GAA
TCC AGG T-3") 754 < —%MH\ 1. Nested PCR |2 LA
Taq (Takara, Shiga, Japan), INF-Apal (5'-TGC TGG GCC
CCT AGG AAA AAG G-3'), INF-Nhel (5-TCT GGC
TAG CCC AAT TCA ATTTTC CCA C-3') 754 < —%
BWT{T» 1. HH&E L /- DNA (£ Apal (Takara), Nhel
(New England Biolabs, MA, USA) THHEL, Sohi:
Apal-Nhel {75 % HXB2 Bt 7 o — v & 5 pSUMIY
(National Cancer Institute, TEA N, ilildZd ot L
TWZui) ICllAAAT, IROT, Lipofectamin (In-
vitrogen) BT, {ERILEEM s 0—- 0% 40% 3 >
70Ty O M2l EEFEAL 2. MBI 10%
{19 2 Ifitif % vt RPMIL640 % [\ T, 5% CO;, iR,
37C THEER L oo BT EAD 4 %, 02ml OFEE LjF
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BE, oA L2AESUERE LEEENL, ~80C THREL
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H1V-1 RNA DS

HIV-1 ki (4 L3800 (23,000, 1 IR, 4°C) 1o kil
fEa 4, PBS (—) T L A0%% 2 [T - 12, R+
10011 ® PBS (=) 128 L, 3UDFAF Y IRRI L
7 — -+ (Nippon Gene, Tokyo, Japan) A iRIL € 37C, 15
M DNA SRR {7 - fo, £ 1%, 23,000 Xg, 11,
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EEIEAT 4 ik, © L CRIEERRES | iRk cER
L Foe AW TR, HXB2 FiF 7213 NLA-3 ¥k 7 3/ [T
&, B LT Y s MR R e L, BRI Y 8.
ZHEIZ-D LTI International AIDS  Society-USA (IAS-
USA) panel, version March/April 20052 {ZE-S W CERL
foo Pelfidedn o3, HMAYEL KOz ofto 7 3/ AN
ZRLUEMERES, FHLALY 51 v —OEREKS, =«
Ly a7 4Ly 96, FLTHNLEERBLTT Y/
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WP I v 7 — oS AR S L THEI L
12s
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T (ﬁ@?& Flo

(M) SR T 2 ESEEEARELTVWAPCR 754 v -2 B0 AT ok, BHENGIZRIE

ni-m

Gag BIZF O KQE ®F — 7 flPicie £ - E#EIc L b, DRPRO3 7 5 1 = — @ 3’ Al &EALARE

LT, EHEEMNERHITRL Fo,

141 (51)

—141—



S Fupsaki ef a/ - Control Survey of HIV-1 Genotypic Drug-resistance Testing in Japan

s E=
HE 754 v —RUERERIIBITEEORE

SEIOEEOER, 2> ro-L Y- A
lﬁmﬁﬁﬁﬁ*ﬂtméﬁﬁ,7%47—&6%%%%%
WS N K » TR O ZREiTH oo B 1IL7 94
- —00 féf»/’]\é"o LT, PCRIC &V MEIEx N 28 FiRd%E
U 7o, RT-PCR 5 X 7¥ nested PCR (2 f#i ] & 7o 33K,
et dmaEEm ORI B O O LB, AT

Fraama ez,
7 I BEEEBHRICOVTOFE

B, OB N HIV-L 7 3/ BT ERBERA
oz L, HIV-L Z o — » #LIZE TN CH A LT 3

J B DL SR L TN, 15 Jid 8 ik T
B4, 0212 Oo0TE ISHEER TR TH -1, £EIC, T
I EBERASEMEINLBMC v T, FHEANALT S
{=—, ZTVI L7+ L7 T4, BLCEERY 7
SISO 7 4 LRI L, BPHE AT SRS LL”N
L 2

HIV-l1 7 © — v #1 @ PR #IC(E 3 > ORI 7 3
/BEAES (L63P, ATIT, VITD &, O 7 3/ BER
755 > (V31, E35D, 837N, R41K, K70R) {f{EL T % (L
2 (). 9MEERIEIC NS 80T 3 VEEERAIEL (S
Louwichs, Y 6 iiskOWME I GEBENH - o, BiEH
1213, Wik AW ATITR2ATIVELT, £/ B c;tv317&

BV 2 LTERFNLRL TR, CH OO
DNABLUT I/ BO7 7 A LTREENELL mtﬂ
ENTHEIEND, COBRBEHREEEREO ABIER

O LWLz, R E L F, Aro— i iﬁ&tmb
T/ EAY D2IN & CISW A L T/, fERE
%gu,1V7FD7¢V79AK$ﬁLk%VNN@/
A X7 FABERTH -7 (&2 (1) (a))v MR F &
Aok BREAZECORY, HERITCL3ET— 70
AL YA BRI L, o, IRHEIC ﬁﬁhtfk%ﬂhf—17:
54 v —ARAOBTERAERL cos (2 (I, §E
EHIE, KEERLT L /ERERARE L. 2N

i nested PCR IZfHW/ 27 + 7—F 75 4 v — (DRPRO-
3) BREYITH - EIEERLTVS (F2 (D).
HIV-1 7 00— #1 D gag ¥ VX7 EDOT 3/ BRES 470
ENS 478 F (KQE £ F — 7458 12HH 9 2 EEAYY
DOEMIC K - T DRPRO3I DEAEHMIIREL T/, 2
DT &, DRPRO3 %2 PCR T3 HIV-1 70— >~
#1 o PR O DNAM A 18184 4 Z L AJRET
Jﬁﬂf;

71— #1 @ RT SN2, 5 > DEFME 7 3 7 B
IH (A62V, VTSI, F77L, F116Y, QI5IM) &, Z0fih 5

o7 L ERER (S68G, Te9V, E122K, QI97E, R211K) 7
(L CVd (L2 @) kL omi07 7%
ERATFHCHEL Coiz, BEECE, 307 3/ §#E
2, S68G.QI97E,R21IK 1ZDWVC, DNA B LU T 3 /g
BFO7 7 4 TREL L TORC LD 6,
M P oo e W D SRS O WA QR L T A -
1

HIV-1 7 0 — > #2 0 PR fRIIC (2 4 > ORI 7 3

J BPEESE (L10L, L63P, V771, LOOM) &, *Ofthd 7 3 7§
YAt 4 -5 (V3L 15V, S37D, 193L) (f{rL T2 (L2
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Objective : Most laboratories in Japan are performing the HIV-1 genotypic drug-resist-
ance testing with their in-house methods based on the one developed by National Institute of
Infectious Diseases. However, the quality of their methods has never been assessed. In this
study, we aimed to investigate the accuracy and reliability of the testing performed in 15
laboratories in Japan,

Materials and Methods : We assessed the accuracy and reliability of the in-house testing by
sending two standard HIV-1 RNA samples to 15 voluntarily participating laboratories and by
analyzing the reported results.

Results « The assessment revealed that the quality of HIV-1 genotypic drug-resistance
testing was very high (97.3% accuracy). But there were sources of error, including human
errors, poor electrophoregrams, and use of inadequate primers.

Conclusion : We proposed troubleshooting procedures to improve the quality of drug-
resistance testing in Japan.

Key words : AIDS, HIV-1, genotypic drug-resistance testing, control survey
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No Observable Correlation between Central Nervous
System Side Effects and EFV Plasma Concentrations
in Japanese HIV Type 1-Infected Patients Treated
with EFV Containing HAART

MASAAKI TAKAHASHI,!? SHIRO IBE,2 YUICHI KUDAKA,' NAOYA OKUMURA, !
ATSUSHI HIRANO,'2 TATSUO SUZUKIL! NAOTO MAMIYA,? MOTOHIRO HAMAGUCHI,?
' and TSUGUHIRO KANEDA®

ABSTRACT

The present study assessed the relationship between central nervous system (CNS) side effects and plasma
concentrations of efavirenz (EFV) in Japanese HIV-1-infected patients. Subjects consisted of 69 HIV-1-in-
fected patients (57 therapy-naive and 12 therapy-experienced patients) being treated using EFV in combina-
tion with other antiretroviral agents at the outpatient HIV clinic. Successful virological treatment was achieved
in 61 patients. Eight patients discontinued EFV containing therapy because CNS symptoms did not resolve
(four patients), EFV-specific mutations were detected (two patients), or skin rash was observed (two patients).
Mean EFV plasma concentration for 61 effectively treated patients, measured at 15 h postdosing, was 2.42
pg/ml (range: 0.78-6.82 pg/ml). This EFV concentration range contributed to suppressed viral load in these
Japanese patients. Adverse CNS effects were observed in 19 patients soon after therapy onset. These effects
disappeared within 1 month except for four patients who suffered severe CNS side effects. Mean EFV plasma
concentrations were not significantly different between subjects with (2.45 = 1.08 ng/ml) and without (2.42 +
1.40 pg/ml) CNS side effects. We concluded no correlation existed between the plasma EFV concentration
and the emergence of CNS side effects in Japanese HIV-1-infected patients. Further investigations, enforced
with the drug concentration measurement at earlier time points and more appropriate assessment of CNS
symptoms, are required.

INTRODUCTION

EFAVIRENZ (EFV) 1S ONE OF THE NONNUCLEOSIDE REVERSE
TRANSCRIPTASE INHIBITORS (NNRTT) used to treat human
immunodeficiency virus (HIV)-1-infected patients. This drug
can be administered once daily (600 mg dose) in combination
with a protease inhibitor and/or nucleoside reverse transcrip-
tase inhibitors (NRTI), due to its long half-life, 40-55 h.!~* The
advantage of once-daily dosing is a reduction in the patient's
overall drug-taking burden. Thus, EFV use is expected to in-
crease for many patients, Treatment success using EFV involves
maintaining an effective drug concentration while avoiding both
adverse effects and the occurrence of drug-resistant amino acid

mutations such as K103N, Y188L, and G190S.5 In fact, EFV
plasma concentrations <<1.0 ug/ml are reportedly predictive of
treatment failure with the development of genotypic resistance
in European populations.® Conversely, EFV induces effects on
the central nervous system (CNS) such as dizziness, hallucina-
tions (including frequent nightmares), abnormal dreams, and in-
somnia. 2’8 Marzolini ef al. reported central nervous system
(CNS) toxicity was 3-fold more frequent in patients with EFV
plasma concentrations >4.0 ug/ml than in patients with con-
centrations of 1.0-4.0 ug/ml. Therefore. keeping the drug con-
centration trough level within 1.0~4.0 pg/ml would likely lead
to treatment success in the Japanese population. Measuring
plasma concentrations of EFV is desirable in order to monitor

!Department of Pharmacy and 2Clinical Research Center, National Hospital Organization Nagoya Medical Center (Tokai Area Central Hos-

pital for AIDS Treatment and Research), Nagoya. Japan.
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the occurrence of adverse effects and adherence in EFV con-
taining highly active antiretroviral therapy (HAART). How-
ever. when the focus is on outpatients. measuring exact EFV
trough levels is difficult since patients take this drug in the
evening. We, therefore, measured concentrations i5 hafter dos-
ing. instead of at the trough levels. This study assessed the re-
lationship between CNS side effects and plasma concentrations
of EFV in Japanese HIV-1 infected patients.

MATERIALS AND METHODS

Patients

Subjects consisted of 69 HIV-1 infected patients (57 therapy-
naive patients and 12 therapy-experienced patients) recruited at
the Outpatient HIV Clinic of the National Hospital Organization
Nagoya Medical Center, Japan. between May 2001 and May
2006. There were 60 men and 9 women, with a mean age of 40
years (range: 24-74 years). The characteristics of these recruited
patients are displayed in Table |. Subjects were treated using
EFV (600 mg/day) in combination with other antiretroviral
agents. Mean therapy duration was 19 months (range: 1-59
months). Protease inhibitors were administered to five patients
(lopinavit/ritonavir: four patients and atazanavir/ritonavir: one
patient). Upon initiation of EFV-containing therapy. the mean
CD4 cell count was 349 cells/mm? and the mean viral load was
559,009 copies/ml. Cases with CD4 cell counts <200 cells/mm?
at initiation of therapy were defined as acquired immunodefi-

TaBLE |. CHARACTERISTICS OF 69 RECRUITED PATIENTS!
Characteristics n = 69
Age (years) (mean = SD) 40 = 11
Sex

Male (1) 60 (87%)

Female (n) 9 (13%)
Weight (kg) (mean = SD) 57 = 12
Therapy-naive (1) 57 (83%)
Therapy-experienced (1) 12 (17%)
Duration of EFV containing 19 *= 16

therapy (months)

(mean * SD)

CD4 counts (cells/imm?) 349 * 226

(mean * SD)
HIV-RNA (copies/ml)
{mean = SD)

559,009 = 2,707.415

AIDS diagnosis (1) 44 (64%)
PI coadministration (n) 5 (7%)
Viral failure: >400 copies/ml (1) 2 (3%)
CNS side effects (n) 19 (28%)
Discontinuation® (n) 3 (4%)
Drop out® (1) 3 (4%)

4§D, standard deviation; EFV, efavirenz: AIDS, acquired im-
munodeficiency syndrome; PI. protease inhibitor; CNS, central
nervous system.

bPatients refused EFV-containing therapy because CNS
symptoms did not resolve after the first 1-2 months of therapy.

“The discontinuation was due to skin rash in two patients and
hallucinations in one patient.

TAKAHASHI ET AL.

ciency syndrome (AIDS). according to the guidelines." Using
this definition. 44 patients were AIDS cases. This study was ap-
proved by the institutional review bourd of the National Hospi-
tal Organization Nagoya Medical Center, and each subject pro-
vided written informed consent.

EFV plasma level and genotvpic drug
resistance testing

Sampling for the determination of EFV plasma concentra-
tions was performed in the afternoon at the outpatient HIV
clinic. As EFV was administered in the evening for all patients,
EFV plasma levels were measured at approximately 15 h post-
dosing. We assumed EFV trough levels are similar to 15 h post-
dosing plasma levels as EFV has a long half-life. 2 EFV plasma
concentrations were determined by high-performance liquid
chromatography according to our previously described meth-
ods.!! We measured EFV plasma concentrations 10 times on
average (range: 3-37 times) for therapy-continued patients and
3 times on average (range: 1-6 times) for therapy-discontinued
patients. The value of EFV plasma concentration was shown as
mean = standard deviation (SD). Genotypic drug resistance
testing of HIV-1 was performed according to our previously re-
ported methods, '3

CNS adverse effects

CNS symptoms were assessed using a psychiatric interview
and the Symptom Check List-90-Revised (SCL-90-R) ques-
tionnaire, a widely used scale in psychopathology.” Upon ini-
tiation of EFV containing therapy. we thoroughly explained
CNS adverse effects of EFV to patients. When the patients con-
sulted a physician on week 4 after initiating therapy, we had an
interview with the patients according to the items of the SCL-
90-R questionnaire, and evaluated psychological problems and
psychopathological symptoms. Afterward, CNS symptom as-
sessment was carried out every month, The SCL-90-R test con-
tains only 90 items and can be completed in just 10-15 min.
All the patients answered the 90 items of SCL-90-R completely.

RESULTS

EFV plasma concentrations during therapy

EFV concentrations were measured once a month or at least
once every 3 months. The distribution of mean values is shown
in Fig. 1. Mean EFV plasma concentration varied from patient
to patient (range: 0.78-6.82 pg/ml) (57 therapy-naive patients:
#1-57 and 12 therapy-experienced patients: #58-69). In this
study 61 patients continued EFV-containing therapy and ap-
proached successful virological suppression to the detection
limit of 50 copies/ml. Unfortunately. three patients had stopped
EFV-containing therapy within 2 weeks after therapy was ini-
tiated. Discontinuation was due to hallucinations in one patient
(#1) and skin rash in two patients (#2 and 3). Three patients
discontinued EFV-containing therapy because CNS symptoms
did not resolve after the first 1-2 months of therapy (#6, 39.
and 47). Two patients with virological failure (>400 copies/ml)
changed HAART combination because EFV-specific mutations
were detected (#64: G190A and #67: L1001, G190A). Mean
EFV plasma concentration for the 61 effectively treated pa-

—148—



EFV AND CNS SIDE EFFECTS IN HIV-1

985

10

EFV concentration (ug/ml)
[=a}

Paticnt number

35 40 45

FIG. 1. Distribution of EFV plasma concentrations in 69 recruited patients. Patients #1-57 were therapy naive and #58-69 were
therapy experienced. Closed circles, patients without CNS side effect; open triangles, patients with CNS side effect. Patients #6, 39,
and 47 discontinued EFV-containing therapy because CNS symptoms did not resolve. Patients #64 and 67 changed HAART com-
bination because EFV-specific mutations were detected. The EFV plasma concentration of patient #47 was measured only once.
Measurement of EFV plasma concentration was performed twice on patient #67, as the EFV concentration was 5.1 pg/mi and un-
detectable (<<0.1 pg/ml). The measurement could not be done in patients #1, 2, and 3 because of early drop out from this study.

tients, measured at 15 h postdosing, was 2.42 pg/ml (2.32 =
I.14 pg/ml for 51 therapy-naive patients and 2.93 * 1.94 pg/mi
for 10 therapy-experienced patients).

CNS side effects

Adverse CNS effects were observed in 19 patients soon af-
ter the onset of therapy. CNS adverse events are shown in Table

2. These adverse events were assessed by a psychiatric inter-
view according to the items of the SCL-90-R questionnaire 4
weeks after initiating therapy. The major adverse events were
abnormal dreams (n = 9), dizziness (n = 4), and nervousness
(n = 3). These effects disappeared within 1 month except for
four patients with severe CNS side effects. Mean EFV plasma
concentrations were not significantly different between subjects
with (2.45 * 1,08 ug/ml) and without (2.42 * 1.40 ug/ml)

TaBLE 2. CEeNTRAL NERVOUs SYSTEM ADVERSE EVENTS (¥ = 69)
Adverse events® n (%) Patient no.
Abnormal dreams 9 (13.0) 7, 13, 21, 22, 31, 45, 54, 55, 61
Dizziness 4(5.8) 6, 47, 48, 66
Nervousness 3(4.3) 14, 39, 53
Difficulty in sleeping I (1.4) 34
Loss of libido 1(1.4) 37
Hallucinations 1 (1.4) 1

aThese adverse events were assessed by a psychiatric interview according to the
items of the SCL-90-R questionnaire 4 weeks after initiating therapy.
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TasLe 3. COMPARISON WiTH PREVIOUS REPORTS IN TERMS OF CORRELATION BETWEEN
Erricacy or Stk BErreCT OCCURRENCE AND EFV PLasma CONCENTRATION®
Langmann et al.® Marzolini et al.Y Gutierrez et al.’? Fumaz et al.’® Ours

Patients (1) 33 130 17 60 69
Age (year) [mean = SD (range)] NA (23-74) 40 41 = 8 40 = 11 (24-74)
Male (n) NA 93 (72%) 14 (82%) 45 (75%) 60 (87%)
Female (n) NA 37 (28%) 3 (18%) 15 (25%) 9 (13%)
Duration of therapy (months) 12 (3-40) NA 18 23+ 10 19 = 16 (1-59)

[mean * SD (range)]
Treatment success {n) 27 (82%) 99 (769) 13 (76%) 44 (73%) 61 (88%)
With CNS side effect (n) NA 13 (10%) 10 (59%) 32 (53%) 19 (28%)
Mean EFV plasma level (ug/ml) 312 % 250 2.19 4,12 + 251 NA 243 = 131

[mean = SD (range)} (median)

With CNS side effect (pg/ml) NA NA 510 + 215 25 £ 1} 245 + 1.08

{mean = SD (range)]

Without CNS side effect (pg/ml) NA NA 2.79 = 1.31 2.7 07 242 * 140

[mean * SD (range)]

INA, not available; SD, standard deviation; EFV, efavirenz; CNS, central nervous system.

CNS side effects (p = 0.503). Also, there was no association
between CNS side effects and EFV plasma concentrations
greater than 4.0 pg/mi.

Comparison with previously reported correlations
between efficacy or side effect occurrence and EFV
plasma concentration

We compared our results with previous reports (Table 3).
Langmann ef al.% and Marzolini ef al.® reported that treatment
failure and CNS side effects were associated with low (<1.0
wpe/ml) and high (>4.0 pg/mi) EFV plasma levels, respectively.
Also Gutierrez et al.'S reported that patients achieving higher
EFV plasma levels were at increased risk of experiencing CNS
adverse events. On the other hand. Fumaz et al.'® reported EFV
plasma levels were similar in subjects with and without CNS
side effects.

In our study, 61 patients with treatment success had an EFV
plasma concentration greater than 0.78 pg/mi, similar to pre-
vious European findings.® CNS side effects were observed in
19 of 69 patients and the rate of side effect occurrence (28%)
was low in comparison with previous trials.!!% Mean EFV
plasma levels were similar in subjects with (2.45 = 1,08 pg/mb
and without (2.42 * 1.40 pg/ml) CNS side effects. In terms of
correlation between side effect occurrence and EFV plasma
concentration, our results concurred with Fumaz et al.'¢

DISCUSSION

EFV is an NNRTI drug used in the treatment of HIV-1-
infecled patients and can be administered once daily due to
its long half-life. Therefore, there has been a recent increase
in EFV-containing HAART regimens. However, as EFV is
associated with CNS adverse effects such as dizziness, hal-
lucinations (including frequent nightmares), abnormal
dreams, and insomnia, EFV should be used carefully. This
study assessed the relationship between CNS side effects and

plasma EFV concentrations in Japanese HIV-1-infected pa-
tients by measuring its concentration at 15 h postdosing. Suc-
cessful virological suppression was achieved in 61 of the 69
subjects, with viral load suppressed below detectable limits.
Mean EFV levels showed extensive variation from 0.78
pg/ml to 6.82 pg/ml. This variation may be explained, in
part, by the large interindividual variations in cytochrome
P450 2B6 activity, as EFV is a substrate of this enzyme.'’1?
Actually, as has been reported. homozygous CYP2B6%6 cor-
relates with high plasma EFV concentrations in HIV-l-in-
fected patients.”**! Thus, we should study CYP2B6 geno-
typing in the future.

In the present study, adverse CNS effects, such as nervous-
ness, abnormal dreams, and insomnia, were observed in 19 pa-
tients using EFV. In previous controlled trials, CNS symptoms
were observed in 53% of patients receiving EFV and in 25%
of patients receiving control regimens,> These symptoms usu-
ally appear from day | or 2 of therapy. resolving after the first
2-4 weeks, and are reportedly associated with high EFV plasma
concentrations (>4.0 pg/ml).? However, the present study
could not detect any such clear associations.

Finally, we conclude no correlation existed between the
plasma EFV concentration and the emergence of CNS side ef-
fects in Japanese HIV-|-infected patients as reported by Fumaz
et al.'% in a European population. Recently, however, Clifford
et ai.”? performed a large prospective trial on patients initiat-
ing EFV, concluding adverse CNS effect occurrence correlated
to EFV plasma concentrations only in the first week after ther-
apy was initiated and not later on. As we assessed CNS symp-
toms 4 weeks after initiating EFV, we cannot exclude the pos-
sibility that there is no correlation between plasma EFV
concentration and CNS side effects. To clarify the clinical sig-
nificance of EFV concentration determination in monitoring of
CNS side effects, further investigations enforced with EFV con-
centration measurements at carlier time points and more ap-
propriate assessment of CNS symptoms on larger subject pop-
ulation are required.
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The quantification of tenofovir, a nucleoside reverse transcriptase inhibitor prescribed once daily, in human
plasma is important due to a recent increase in its use. HPLC, however, can not easily detect and quantify teno-
fovir because of interfering peaks. Therefore, we developed a rapid and conventional LC-MS method, validated
by estimating the precision and accuracy for inter- and intraday analysis in the concentration range of 0.019—
1.567 ug/ml. The calibration curve was linear in the described concentration range. Average accuracy ranged
from 95.9 to 100.7%. Relative standard deviations of both inter- and intraday assays were less than 11.6%. Re-
covery of tenofovir was more than 80.2%. This novel method provides a conventional, accurate and precise way

to determine tenofovir in human plasma samples.

Key words

Tenofovir is one of the nucleoside reverse transcriptase in-
hibitors used to treat human immunodeficiency virus (HIV)-
1. Tenofovir can be administered once-daily at a dose of
300 mg in combination with other antiretroviral drugs."® The
advantage of once-daily dosing is a reduction in patient drug
load. Also, tenofovir appeared to be well tolerated with low
rates of drug-related therapy discontinuation in several clini-
cal trials.>¥ Thus, tenofovir use is expected to increase.
However, some drug interactions with tenofovir and coad-
ministered drugs have been reported.*~” Furthermore, teno-
fovir has been associated with renal impairment *—'%

Recently, several determination methods for plasma teno-
fovir using high-performance liquid chromatography
(HPLC)!''3 or liquid chromatography-tandem mass spec-
trometry (LC-MS-MS),'"*!>) have been reported. HPLC
methods, however, are procedurally complicated, such as
solid-phase drug extraction and derivatization with chloro-
acetaldehyde. Also, when using the LC-MS-MS method the
MS-MS detector needs to be delicately set. In addition, LC-
MS-MS equipment is very expensive. We aimed, therefore,
to develop a conventional procedure for determining teno-
fovir using liquid chromatography coupled with mass spec-
trometry (LC-MS).

MATERIALS AND METHODS

Chemicals and Reagents Tenofovir was supplied by
Gilead Sciences (Foster City, CA, U.S.A.). The internal stan-
dard, atenolol, was purchased from Sigma-Aldrich (St.
Louis, MO, U.S.A.). Acetonitrile (Kanto Chemical, Tokyo,
Japan) was HPLC grade. Water was deionized and osmosed
using a Milli-Q® system (Millipore Corp., Bedford, MA,
U.S.A). All other chemicals and solvents were of analytical
grade.

Equipment A Waters Alliance 2695 HPLC and a Mi-
cromass ZQ-2000 MS (Waters Assoc., Milford, MA, U.S.A.),
controlled with MassLynx version 4.0 software, were used
for detection. The analytical column was a SunFire C; col-

* To whom correspondence should be addressed.

e-mail: kanedat@nnh.hosp.go.jp

human immunodeficiency virus (HIV)-1; LC-MS; therapeutic drug monitoring; tenofovir

umn (3.5 gm, 2.1X50 mm, Waters), protected by a SunFire
C,4 Guard Column.

Chromatographic and Mass Spectrometric Conditions
The mobile phase was a mixture of 0.3% trifluoroacetic acid
(A), 100% acetonitrile (B) and 100 mM ammonium acetate
(C). An isocratic mobile phase consisting of A-B-C
(95:0:5) was used during the first 3 min of the run, followed
by a linear gradient elution consisting of A-B-C (45:50:5)
for the next 5 min. Then, the system was reequilibrated for an
additional 12 min using the initial conditions. The flow rate
of the mobile phase was 0.2 ml/min, the column temperature
was 40 °C and the amount of injected sample was 5 ul.

The mass spectrometer was operated in positive ion elec-
trospray mode. The capillary sprayer voltage was 3.5kV and
the sample cone voltage was 30V for both tenofovir and
atenolol. The source temperature was 120°C and the desol-
vation temperature was 350 °C. The desolvation and cone gas
flow-rates were set to 600 and 50 I/h, respectively. The acqui-
sition mass range is m/z 100—700 at 0.5 s per scan with a
0.1s interscan delay. All mass spectra are acquired in cen-
troid mode.

Quantitative analysis, carried out in Selected-ion recording
(SIR) mode, detected tenofovir at m/z 288, and the internal
standard (IS), atenolol, at m/z 267, all in the form of ions.
The guantitation calculations were performed using analyti-
cal software, MassLynx version 4.0 (Waters).

Standard Solutions Stock solutions of tenofovir and
atenolol were prepared by dissolving accurately weighed
amounts of each reference compound in water/ethanol
(50: 50, v/v) to yield concentrations of 188.0 tg/ml for teno-
fovir, and 48.1 pg/ml for atenolol. These stock solutions were
stored at —80°C and thawed on the day of analysis. The
stock solution was diluted in drug-free plasma to yield teno-
fovir concentrations of 0.019, 0.094, 0.313, 0.940 and
1.567 ug/ml.

Sample Preparation Twenty microliters of IS solution
(atenolol 48.1 ug/ml) and 200 ul of I N HCl were added to a
500 ul plasma sample prepared from peripheral blood antico-
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