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Simultaneous Determination of Drugs in Biological Fluids
Using the Column Switching HPLC Technique

Hiroyuki YAMASAKI
Takash i KITAMURA
Hiroyuki MORIYAMA

The rapid determination of trace amounts of anti-epileptic drugs in human serum using a
combination of a precolumn for sample pretreatment and a short ODS column has been investigated.
The sample pretreatment column, TSKgel precolumn BSA-ODS, possesses the hydrophobic ODS layer
on the internal surface of the pores and the hydrophilic denatured BSA moiety on the external surface
of the particles. The diluted serum samples can be directly injected onto this precolumn for the
on—column deproteination of biological fluids. The TSKgel Super—-ODS column packed with particles of
2.3 #m in diameter can achieve a rapid separation.

The retention times of the anti-epileptic drugs decreased with increasing acetonitrile concentration
in the mobile phase. Clonazepam and diazepam easily eluted at pH below 4.5 and the recovery of the
drugs in serum increased up to 80% by adding NaClO; and SDS to the sample solution. The
reproducibility of the determination was satisfactory (cv. less than 5%). This system could be operated
without any trouble during 200 consecutive injections (sample volume ; 1000 # L, 2-fold dilution). By
the combined use of the sample pretreatment column and short ODS column, the analysis time could
be reduced to 1/3 as compared with those based on conventional columns. Therefore, the present

technique is quite suitable for monitoring of therapeutic drugs in biological fluids.
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1.Multi-pump (CCPM-1I)
2.Autosampler (AS-8020)
3.Valve controller (VC-8020
4.Column oven (C0O-8020)
5.UV detecter (UV-8020)
6.System controller (SC-8020)
7.Line filter (1 ¢m)
8.Precolumn (BSA-80Ts)
9, Analytical column (Super-ODS)
10.Drain
11.Pre-treatment eluent

! L 12, Washing solution

| 13. Eluent 1

E 14 .Eluent 2

E 15.Eluent 3

(A)Pre-treatment process

(B)Injection onto analytical column

Fig. 1 Flow diagram for column switching HPLC
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Fig. 2 Effect of CHiCN conc. and pH in eluent on retention volume

Conditions:
Sample

+ 1.PB(12.88 #g/mL), 2.CBZ(5.0 pg/mL), 3.PHT(8.1pg/mL)

4.NZP(25.25ng/mL), 5.CZP(25.0ng/mL), 6.DZP(20.0 #g/mL)

Column ; TSKgel Super-ODS(4.6mmID X 10cm)

Flow rate ; 1.0mL/min

Eluent  ; (A)50mM NaH,PO,(pH4.5)/CH,CN(x/y)
(B)50mM NaH,PO,(pH x )/CH,CN(72/28)

Sample ;50 #L Injection

Temp 1 25C

Detect 1 UV(254nm)
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Fig. 3 Effect of NaClO; conc. and pH in the eluent on peak areas
Conditions :
Sample  ; 1.PB(12.88 #g/mL), 2.CBZ(5.0 pg/mL), 3.PHT(8.1zg/mL), 4.NZP(25.25ng/mL),
5.CZP(25.0ng/mL), 6.DZP(20.0 # g/mL.)
Column  ; TSKgel Super-ODS(4.6mmID X 10cm) (analysis), TSKprecolumn BSA-80Ts(4.6mmID X 1.0cm) (pretreat)

Flow rate ; 1.0mL/min(analysis), 1.5mlL/ min(pretreat)

Eluent

(C)50mM NaH,PO,(pH6.8) /CH;CN(60/40)
pretreat  ; 50mM Phosphate Buffer(pH x ) +ymM NaClO,
gragient ; (A)4min (B)8min (C)5min

i (A)50mM NaH,PO,(pHA4.5)/CH,CN(72/28), (B)50mM NaH;PO,(pH2.5) /CH,CN(72/28) ,

Eluent program ; Pretreatment 3min, Injection 0.5min, Column wash 16.5min

Sample

i 1000 2L Injection (2-fold dilution), Temp. ; 25°C, Detect ; UV (254nm)
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Fig. 4 Effect of additives in the diluting solution on recovery
Conditions :
Sample ; 1.PB(12.88 ¢ g/mL), 2.CBZ(5.0 ¢ g/mL), 3.PHT(8.1¢g/mL), 4.NZP(25.25ng/mL),
5.CZP(25.0ng/mL), 6.DZP(20.0 ¢z g/mL)
Column ; TSKgel Super-ODS(4.6mmlID X 10cm) (analysis), TSKprecolumn BSA-80Ts(4.6mmID X 1.0cm) (pretreat)

Flow rate ; 1.0mL/min(analysis), 1.5mL/min(pretreat)

Eluent
(C)50mM NaH,PO,(pH6.8) /CH,CN(60/40)

; 50mM Phosphate Buffer(pH6.8) +50mM NaClO,

i (A)4min (B)8min (C)5min

pretreat
gragient

; (A)50mM NaH,PO,(pH4.5)/CH,CN(72/28), (B)50mM NaH,PO,(pH2.5)/CH,CN(72/28),

Eluent program ; Pretreatment 3min, Injection 0.5min, Column wash 16.5min

Sample ;1000 ¢ L. Injection (2—fold dilution), Temp. ; 25C.
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Fig. 5 Comparison of std. sample on TSKgel Super-ODS and ODS-80Ts

Conditions :
Sample i 1.PB(12.884¢/mL), 2.CBZ(5.0 zg/mL), 3.PHT(8.1zg/mL)
4.NZP(25.25ng/mL), 5.CZP(25.0ng/mL), 6.DZP(20.0 £ g/mL)
Column ; (A)TSKgel ODS-80Ts(4.6mmID X 15cm) (analysis)
TSKprecolumn BSA~ODS(4.6mmID X 3,5cm) (pretreat)
(B)TSKegel Super-ODS(4.6mmID X 10cm) (analysis)
TSKprecolumn BSA-80Ts(4.6mmID X 1.0cm) (pretreat)
Flow rate ; 1.0mL/min (analysis) ,
1.5mL/min(pretreat)
Eluent i (A)50mM NaH,PO, (pH4.5) /CH,CN(72/ 28)
(B)50mM NaH;PO,(pH2.5) /CH,CN(72/28)
(C)50mM Nal,PO, (pH6.8) /CH;CN (60/. 40)
pretreat ; 50mM Phosphate Buffer(pH6.8)+50mM NaClO,
gragient ; (A)1.25min 2.20min 3.5min, (B)1.4min 2.8min 3. 5min
Eluent program ; Pretreatment 10min(A)3min(B), Injection 3min (A)0.5min(B)
Column wash 17min(A)16.5min(B)
Sample ;1000 #L Injection (2-fold dilution)
Temp. 3 25°C
Detec ; UV(254nm)
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Fig. 6 Chromatograms of std. and serum on on-line HPLC system

1 1.PB(12.88 £ g/mL), 2.CBZ(5.0p2g/mL), 3.PHT(8.1¢g/mL), 4.NZP(25.25ng/mL),

Conditions :
Sample

5.CZP(25.0ng/mL), 6.DZP(20.0 #g/mL)
Column ; TSKgel Super-ODS(4.6mmID X 10cm) (analysis) ,

TSKprecolumn BSA-80Ts(4.6mmlID X 1.0cm) (pretreat)
Flow rete: 1.0mL/min(analysis), 1.5mL/min(pretreat)

Eluent

i (A)50mM NaHPO,(pH4.5)/CH,CN(72/28), (B)50mM NaH,PO,(pH2.5)/CH,CN(72/28),

(C)50mM NaH,PO,(pH6.8) /CH:CN(60/40)

pretreat
gragient 1 (A)4min (B)8min (C)5min

; 50mM Phosphate Buffer(pH6.8) +50mM NaClO,

Eluent program ; Pretreatment 3min, Injection 0.5min, Column wash 16.5min

Sample

(71)

; 1000 2 L Injection (2-fold dilution), Temp. ; 25C, Detect ; UV(254nm)
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Table 1 Recovery and repeatability using std. and serum sample
STD. SAMPLE SERUM SAMPLE SPIKED
Conc. Recovery(%)* C.V.(%)***  Recovery(%)* Recovery(%)** C.V.(%)***
. PR 2.58 93.28 0.14 86.35 92.58 1.35
) 5.15 89.32 0.11 82.26 92.43 3.02
(pg/mL]
12.88 92.57 0.32 83.29 89.98 0.68
1.00 98.02 0.31 95.06 96.98 1.32
2. CBZ
2.00 93.98 0.20 98.60 104.92 0.29
Ceg/mL]
5.00 97.52 0.27 97.50 99.97 1.10
1.62 94.53 0.26 94.53 102.42 1.79
3. PHT
3.24 90.39 0.35 90.39 107.49 0.55
Cpg/mL)
8.10 94.10 0.30 94.10 100.83 1.03
5.05 101.95 0.97 103.72 101.74 4.67
4. NZP
10.10 94.43 1.05 97.57 103.32 2.91
(ng/mL]
25.25 96.25 1.12 97.07 100.86 2.09
5.00 98.61 3.19 100.31 101.72 3.24
5. CZP
10.00 94.05 1.63 88.46 94.06 1.69
{ng/mL]
25.00 91.37 2.07 90.52 100.94 1.00
0.06 82.93 0.75 76.11 91.78 2.54
6. DZP
0.11 78.54 0.62 79.59 101.34 1.22
Czg/mL)
0.28 81.66 0.65 79.78 97.70 0.88
*  Direct analysis using analytical column.
**  Column switching HPLC analysis,
*** Reproducibility calcd. by peak areas (n=6)
Table 2 Correlation between sample conc. and peak areas
PB CBZ PHT
STD SERUM STD SERUM STD SERUM
Therapic range 1.29~25.75 ¢ g/mL 0.50~10.00 ¢ g/mL 0.81~16.20 z£ g¢/mL
A 60.143 58.001 590.16 590.55 73.416 73.668
B 0.359 —14.918 —14.423 —14.986 —2.136 1.212
r 1.000 1.000 1.000 1.000 1.000 1.000
NZP CzZP DZP
STD SERUM STD SERUM STD SERUM

Therapic range

2.53~50.50 ¢ g/mL

2.50~50.00 £ g/mL

0.028~0.56 ¢ g/mL

A
B

r

1.064 1.073
—0.472 —0.378
1.000 0.999

0.802 0.739
—0.68 —0.228
1.000 1.000

1.012 0.989
—6.506 —5.593
1.000 1.000

Regression curve ; Y=Ax+B
Sampling data (n) ; 6

(72)
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Fig. 7 Chromatogram of drugs spiked.in serum on
on-line HPLC system

Conditions *
Sample  ; 1.Theophyllin(5 z g/mL), 2.Caffein (5 #g/mL)
Column ; TSKgel Super-ODS(4.6mmID X 10cm) (analysis)

TSKprecolumn BSA-80Ts(4.6mmIDX1.0cm) (pretreat)
Flow rate : 1.0mL/min(analysis), 1.5mL/min(pretreat)

Eluent i (A)50mM NalH,PO.(pH4.5)/CH,CN(72/28)
(B)50mM NaH,PO,(pH2.5) /CH,CN(72/28)
(C)50mM NaH,PO,(pH6.8) /CH,CN{60/40)
pretreat 3 50mM Phosphate Buffer (pH6.8)+50mM NaClO,
gragient ; (A)4min (B)8min (C)5min

Eluent program ; Pretreatment 3min, Injection 0.5min,
Column wash 16.5min (B)

3 1000 2L Injection (2-fold dilution)

3 25°C, Detect ; UV(254nm)

Sample
Temp.

(mV)
1
80.00

60.00

10.00

\J

5.00

(min)

Fig. 8 Chromatogram of drug spiked in serum on
on-line HPLC system

Conditions :
Sample ; 1.Lidocain(5 ¢ g/mL)
Column ; TSKgel Super-ODS(4.6mmID X 10cm) (analysis)

TSKprecolumn BSA-80Ts(4.6mmID X% 1.0cm) (pretreat)
Flow rate ; 1.0mL/min(analysis), 1.5mL/min{pretreat)

Eluent ; (A)50mM NaH,PO,(pH4.5)/CH,CN(72/28)
(B)50mM NaH,PO,(pH2.5)/CH,CN(72/28)
(C)50mM NaH,PO,(pH6.8) /CH,CN (60/40)
pretreat ; 50mM Phosphate Buffer (pH6.8)+50mM NaClO,
gragient ; (A)4min (B)8min (C)5min

Eluent program ; Pretreatment 3min, Injection 0.5min,
Column wash 16.5min(B)

; 1000 £ L Injection (2—fold dilution)

; 25°C, Detec ; UV(254nm)

Sample
Temp.

(73)

Fig. 9 Chromatogram of drugs spiked in serum on
on-line HPLC system

Conditions *
Sample ; 1.Imipramine(2 zg/mL), 2.Desipramine(2zg/mL),
3. Nortriptyline(2 ¢ g/mL)
; TSKgel Super—-ODS(4.6mmID X 10cm) (analysis)
TSKprecolumn BSA-80Ts(4.6mmID X 1.0cm) (pretreat)
Flow rate ; 1.0mL/min{analysis)
1.5mL/min(pretreat)

Column

Eluent i (A)50mM NaH,PO,(pH4.5)/CH,CN(72/28)
(B)50mM NaH,PO,(pH2.5)/CH;CN(72/28)
(C)50mM NaH,PO,(pH6.8) /CH,CN(60/40)
pretreat ; 50mM Phosphate Buffer (pH6.8)+50mM NaClO,
gragient ; (A)4min (B)8min (C)5min

Eluent program ; Pretreatment 3min, Injection 0.5min,
Column wash 16.5min (B)

Sample ;10002 L Injection (2-fold dilution)
Temp. 1 25T
Detec y UV(254nm)
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