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In Vitro Determination of Intracellular Phosphorylated Metabolites
of Antiviral Pyrimidine Analogs
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ABSTRACT-In order to assay the efficacy of newly synthesized antiviral compounds, in vitro studies of their active intra-
cellular phosphorylated metabolites were established as compared with Zidovudine (ZDV). Antiviral base analogs require
intracellular phosphorylation prior to the inhibition of HIV replication. Therefore, antiviral drugs concentrations in plasma
have not reflected any direct relationship with activity or toxicity. A method has been developed to measure the con-
centration of total phosphorylated metabolites inside peripheral blood mononuclear cells using modified commercial radio-
immunoassay (RIA). ZDV 5'-monophosphate was synthesized and used as a procedural control for RIA modification.
PBMCs were isolated from whole blood and incubated with ZDV for 20 h to allow metabolic phosphorylation. Viable cells
were extracted overnight with 60% methanol. After evaporation, the extract was reconstituted in Tris buffer. Samples were
split into two fractions, one of which was treated with alkaline phosphatase (AP) to liberate phosphate groups. Con-
centrations of phosphorylated metabolites were determined by subtracting the concentration of non-AP-treated fraction from
that of the treated fraction. Recovery of phosphorylated ZDV from cell extracts was approximately 90%, and reproducibility
was acceptable (coefficients of variation <15% for concentrations=0.25 ng/mL). Intracellular concentrations (0.135~5.019

nmole/10° cells) followed a nonlinear dose-response relationship over the range 0.015~2.996mM extracellular ZDV, with
concentration-dependant saturation.
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Fetal Bovine Serum, Magnesium Chloride, Bovine Alka-
line Phosphatase (18 unit/mg), Sodium Bicarbonate, HEPES,
L-Glutamine, 2-Mercaptoethanol, 4§ A, Sodium Chlo-
ride, Sodium Dihydrogenphosphate, Sodium Phosphate
(Diabasic)x= Sigma Co.MO, US.APIA sl A28}
A, ZDV-Trac™ (I RIA Kit)2 DiaSorin Inc. (Still-
water, US.A)ZHEH FYsIdch &, F4AelA 743 &
HoJ|A] peripheral blood mononuclear cells(°13} PBMCs)S
st ARg-slaiTt.

Trypan Blue,

ZDV 5'-Monophosphate(ZDVMP)2| &4

o] L 3] 59 IEE AT Yoshikawas o] W
HE T8319 . Borosilicate test tubed] phosphorous
oxychloride 40uL9} triethyl phosphate S00pLE ¥
ZDV 5mgs 4o} &3] B=F stiringS FATE 2
oA 6r7t WABt] WREAIF T JIAENES-S FA]F)7]
913l diethyl ether 1 mLE YT, $HS 58S Yol

_1

T 452 o BANA A3 AR F2E 2

w7kA] —20°CoA B33tk $H4d3 zidovudine mono-
phosphate(®] 3 ZDVMP)¢} H|%Hg- ZDV 438 200~
300 nmolA UV scang 3te] BRI} I 7 AFo)A &

U HPLC 4 270702 55 2o slsksint

RPMI HiX| K=
3% R4 119 RPMI-1640 ®lX] 104 g%} HEPES
2.383g, NaHCO; 2g ¥ L-glutamine 0292gE 23 &
43°] 0.22 um-pored nitrocellulose membrane® 2 ZAe F
FeE BAY AR Aol ulR] 500 mLell FBS 50 mL,
F8A 5mL 2 2-Mercaptoethanol 500 pLE 40] ARg

At

Peripheral Blood Mononuclear Cells(PBMCs)2| £2|
PBMCs= #2]3l7] 913 A4A BALelA Algste 4l
A EF w59 283l PBSE 1:1 43St
€ WHEF9| Ficoll-Hyaqueoll 71F] FHA1A Ux X}oj
LAEYE 1700 pm@d50xg)E 308 < 3lrch
Ficollz:# 4% Alole] BHY MEFS vy 2y
o= 33 3¢l PBSE AIAHTTH1200 pm, 108). £8
Rl (Tris-NH,CLYS ¥ 37°CollA 587 wigs) 28+
£ 83Xtk TA] PBSE A W O AlE3 33 94
e e 7k AEE Eo] FUh o] RE 3L
T dElolA gt o] A 4513t PBMCsE 1% trypan

A

o [
(S S gk

J. Kor. Pharm. Sci., Vol. 32, No. 4(2002)

el -

SR

blueZ FMFHFH AEZSFE MU PBMCsE 10uL 3
1% trypan blue 10uL} PBS 80uLE ¥l 4% 4lojE
2 10uLe FH3 cover glasse}t 21 ARelol| 71327} A7)
A A WAk oA o] FHE NESFS FE F
Ao Z AA U Ao & XSS ALt

Z cell )= cell Y4 x (AA] cell mL)x 10x 10*

Y 2 500 mlol BE 1.5~2.0x 10919 PBMCs&
EI=

53]

olEXMEn HjtxA

ZDVE 200 mge AI&A 2o} 10mLe] PBSOl =
20mg/mLE 3t 0.22 um FA)E AJHIEHE ARt
F3EZ EF9e THEATH fdA 388 PBMCs
RPMI XS Y FdaA 42 F, #A 5mLe &
HAAF 1x10"~2.5x10702] PBMCs7} ZEHEE o]
Hjeg Aol WAtk 2 wjEgAlel ZDV EE M ZDV
o] 20~400 ug Alo|E EFHEE gol&E F Z o5
ozt HjFHAIE 37°C, 5% CO, 3ellAl 20A17F i<k
et

ofEo| £&

Zkzte] el S YA (1200 rpm, 1083k HiXlE A
A% F PBSE 3W AAPrt. 2zre] wis PBMCsell
60% HEE SmLE Y3 20°ColAM s FEAHY.
ZdL Speed Vac centrifuge® F=AAH S THESIT
AE7A -80°CollA ATt

elolast

el M FHAFE 02M Tris/l mM MgCl, (pH9.5) ¢+
9 500 pLe =21 F F FEoF prlnh & 7=
0.6 mg/ml bovin alkaline phosphatase (18 unit activity/mg)
& T 93 37°C FxAM 30~6087F HEAA Gl
38 Azt AFEu 7R -20°CeA] Bagict. & {14kst
g4 BE HFES 98] dA FAT ZDVMPE #i%t
2L 2702 RIS AIFTH

Radioimmunoassay

ZDV-Trac RIA kit (INCSTAR I-125 4 uCiye A3}
AEW 7DV F=E AP

ZIEHM ZFS-ZDV-Trac RIA kito] X34 standardsE A}
83 borosilicate glass tube] 0 standard, ZDV 0.25, 0.99,



Zidovudine®| In Vitro M thAES] 24L B3 okg 720 s 287
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Figure 1-HPLC chromatogram of (A) phosphorylation reaction
products (B) phosphorylation reaction products after treatment with
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Figure 2-ZDV-Trac sample standard curve.

XatY20=2.63003 XatY80=41.83036

[STANDARD, UNKNOWNSAMPLE]~[NSB]
[STANDARD]—[NSB]

B/By% =

@] : Average Counts Per Minute (CPM)

AL ZDV Fxol Figure 29} o] ZDV %9 v
#HlX Fo]=% loglogit plotg YERNRAT, 4 thest
2},

sigmoidal(logistic) fit : Y=A1-Ay/1+(X/X,)*

(A1=80.953, A2=-0.23337, XatY50(X0)=10.489, Power(p)=1.0022)

o] HA#FAHIA 2.63003 ng/mLoAlA] 41.83036 ng/mL Alo]
dxe FHdgel AHTTH=0.998).
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A 24 T HHeA Qitsl zDV FE 3L 9
8l RIAY] o8 Fen|Elg 24so} it} & g4 o A}
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A W) Be AP EA), 283 RIAZH Aol MlEu)
145t ZDVES ZDVeE AFAID we] o35S D).

A

Table 1-Tris buffer and alkaline phosphatase effect on

radioimmunoassay
Sample (n=6) [ZDV], ng/mLxS.D CV%

Low control 105.7£3.5 33
Low control in Tris 99.531+6.3 2.5
Low control in TristAP 130.5£8.9 7.9
High control 902.6£16.7 3.1
High control in Tris 931.2420.1 1.5
High control in Tris+AP 938.4129.3 2.6

ZDV, zidovudine; CV, coefficiency of wvariation; AP, alkaline
phosphatase

TrisMgCL, <543 APY 432 A@s7] 93l RIA
kit serum controlE N4HIENOF F|A3E A Tris’MgCl,
gdxdoz 33 A = 1 mgmL APE ¥ TrisMgCl,
dedoz FAg 7S RIAR AP 2 A7} Table
[°] It} normal control® Tris/MgCLE -2 control A}°]
A oA xte)7t glslth. ZDV antibody= pH 7.9~9.5
AlolollA] Q210 o] RIA A Tris HFHS AR
& 2 Jge FR] &g Aoz AEHAY. 28I SEES
AP7} 9l controlt IE control Alolol= oAl ol
7F 99t} 28 Aszol] APE ¥ 9ol coefficient
of variation(CVs)°] 7.9%2 222l Aol7t AR HL. &
APt RIA 244 AEE9] samlpedllA assay vaiabilityS
ZIMFE ASRE AlE¥EY. ES APE  double-antibody
reagents 92 W HHAHES] A7E FTWTIe AL
2 BIEJT® g} ZDV antibodys ZDV UAIES
APZ BRI AAE7} & HeEitt 2HER HE
£ AP 43 AR Eof wESAIAC STt

AEA} HAEES 3 Hol| A= 2 A3} Table
el 2tk PBMCsollAe] ZDVMP 60% MeOH F&93}

=23t 359 ZDVMPY 60% MeOHY-S vlwgith 2%
BE F FEoN BF 823 H 95.6%% T AYFE B
=8 RIA 2334 F A=A AA 9 10%7HF]
£ uFoz AlgdHth AL ITE=oAME controlt

Table II-Reproducibility and recovery of ZDVMP from cell extracts

Sample (n=7) Background [ZDV]* Total [ZDV] [ZDVM] Recovery (%)
Low control® 0.201£0.07(32.6) 1.19840.57(31.0) . 0.997 2.3
Low ZDVMP 0.58210.085(15.8) 1.4024+0.52(24.8) 0.820

High control 0.3541+0.257(65.8) 3.95810.35(10.7) 3.604 95.6
High ZDVMP 0.40510.0398(23.4) 3.8511+0.25(15.6) 3.446

ZDVMP; ZDV5'-monophosphate. ng/mL
A+S.D(%coefficiency of variation)
BNo cell or cell extract in control.
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Figure 3-Dose-response relationship between extracellular ZDV

concentration and intracellular concentration of total phosphory-
lated ZDV in PBMCs.
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