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Development and Application of Screening Method for Steroid
Dihydrofolate Reductase Inhibitors by High
Performance Capillary Electrophoresis

JIA Rui LI Na ZHU Ruohua
Department of Chemistry Capital Normal University Beijing 100037 China

Abstract A novel screening method for dihydrofolate reductase inhibitors DHFRI using high
performance capillary electrophoresis HPCE was developed. The separation was performed
in a fused silica capillary column using disodium tetraborate 50 mmol/L pH9. 18 buffer solu-
tion with 0. 002% Brij-35. The separation temperature was controlled at 25 C and a voltage of
25 kV was applied. The detection wavelength was 280 nm. Five pL of various concentrations of
inhibitor was added to the enzyme reaction system consisting of 25 wL of 50 mmol/L pH 6. 0 po-
tassium phosphate buffer 10 L of 0. 025 mg/mL dihydrofolate FH, 10 pL of dihydrofolate
reductase DHFR  0.25 unit and 5 pL of 0. 5 mg/mL NADPH in a 300-pL sample tube then
mixed for 1 min and incubated for 30 min at room temperature. The reaction mixture injections
were performed by pressure at 3.45 kPa 0.5 psi for 10 s. With the developed CE method the
substrate and product were baseline resolved within 19 min. The time course of the reaction
was studied to show excellent correlation. Quantitative analysis of DHFR inhibition was per-
formed by determining its dynamic parameters. The difference of peak areas between FH, and
FH, was used to calculate the inhibitory rate. Three inhibitors amethopterin trimethoprim and
folic acid were used in the enzyme reaction system to test this method and their IC50 values
determined were close to the literature values. It was demonstrated that the developed method
is suitable for screening DHFRIs.
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HPLC *°
HPCE
67
FH, NADPH
1I
DHFR
FH, NADPH FH, NADP
I 19 min
DHFRI
1
1.1
P/ACE MDQ Beckman Coul-
ter
60 cm x 75 pm
50 cm XK96-B
Sigma 0.25
unit Fluka = 88.8% enzym.

Fluka NADPH Fluka =
90. 0% HPLC MTX
Sigma
Brij-35 Sigma 2-
5
mg 0. 02% 50
mmol/L pH 7.0
1 mL 5 mg/mL

25
25
mg 0.02% 50 mmol/L pH
9.3 25 mL
1 mg/mL
NADPH NADPH 5
mg 0. 04 mmol/L
1 mL 5 mg/mL
1.2
1.2.1
0. 002% Brij-35
pH 9. 18 50 mmol/L 25
C 25 kV 3.45 kPa 0.5 psi
10 s 280 nm 135 pA
1 mol/L NaOH
lh 0.1 mol/L NaOH
1 min 1 min
3 min
0.1 mol/L NaOH 5 min
1.2.2
300 pL 30 pwL 50
mmol/L pH 6.0 10 L 0.025
mg/mL 10 L
0.25 unit 5 pL 0.5 mg/mL NADPH
1 min 7
15 30 40 60 min
1.2.3 IC50
300 pL 25 L 50
mmol/L pH 6.0 5 L
10 pL 0. 025 mg/mL 10 nL
0.25 unit 5 pL 0.5 mg/mL
NADPH 55 uL 1 min
30 min 5 pL 50 mmol/L pH
6.0
2
2.1

pH 2.0 ~ 9.8
H,PO,-KH,PO, CH,COOH-CH,COONa NaH,PO,-
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Na,HPO, Tris-NaOH Na,B,0,- 10H,0
50 mmol/L  pH9.18 EMMA
NADP NAD- wL nL
PH 5
0. 002% Brij-35
0.002% Brij-35 pH
9. 18 50 mmol/L 25 C 2.3
25 kV 3.45 kPa 10
S 280 nm 135 pA 1 7 30 60 min
300 pL 30 uL 2 10 pL
50 mmol/L pH 6.0 10 L 0.025 “1.2.27
mg/mL 10 pL
0.25 unit 5 pL 0.5 mg/mL NADPH Y = 106.3 + 172.9X - 0.71X°
1 min 30 min 0.999 1 X min Y
6
RSD 1 2 40
1 n=6 NADPH
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Fig. 1 Electropherograms of reaction system under
different reaction times
Chromatogram 1 7 min chromatogram 2 30 min chro-
6 matogram 3 60 min.
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Fig. 2 Time course for the enzymatic reaction
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Table 2 The potency of dihydrofolate reductase inhibitors

Inhibitor Inhibitory equation r IC50/ mol/L
Amethopterin Y =35.65 +7.71X, 0.9990  1.69x10°%
Folic acid Y=-569+7.16X, 0.9979 7.07 x10 77
Trimethoprim Y =1.06 +12.52X, 0.9996  3.55x10°*

Y the inhibitory rate % X concentration the unit of

X, 1077 mol/L the unit of X, 10 ~° mol/L the unit of X,
10 ~* mol/L.

3

8 37

C pH7.3 Escherichia
coli.

1.20 x 10 "’ mol/L  8.25 x 10’ mol/L
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Fig. 3 a Electropherograms with various amounts of
amethopterin and b inhibition of amethopterin
in enzyme reaction
a. the concentration of amethopterin in chromatogram 1
1 x10 “®* mol/L the concentration of amethopterin in chromat-
ogram 2 3 x 10 "7 mol/L the concentration of amethopterin in
chromatogram 3 8 x 10”7 mol/L b. the concentration of

amethopterin 1 x10 ~® -8 x10 ~7 mol/L.
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