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ABSTRACT 

An automated high-performance liquid chromatographic method using column switching was established for the simultaneous 

dctcrmination of cefotiam (I) and d”-cefotiam (II) in human plasma after oral administration of cefotiam hexetil dihydrochloridc. The 

method allowed the determination of analytes in plasma by the direct injection of diluted specimen with phosphate butl’er. The analytes 

’ were enrtched onto the C , 8 short pretreatment column by 0.05 ?M phosphate butfer (pH 7.7). while proteins and cndogenous hydrophil- 

ic substances in plasma were washed off to waste. The enrrched analytes were then back-flushed onto the analytical C,, column. 

separated by a mixture of 0.05 A4 phosphate buffer (pH 7.7)-acetonitrilc (X8: 12. v/v) and detected by the ultraviolet absorbance at 254 

nm. Recoveries from spiked plasma wcrc quantitative, and the coeficients of variation were below 4°K The lower detection limits in 

plasma were IO ng:ml for both I and II. Concentrations of I and II in plasma determined by the present method were in good agreement 

with those obtained by the conventional deprotciniration method. 

INTRODUCTION 

Cefotiam hexetil dihydrochloride (Fig. l), an 
orally active cephalosporin, is a prodrug whose 
parent drug is cefotiam (I) [l]. Compound I, a 
second-generation cephalosporin, shows excel- 
lent antibacterial activity against Gram-positive 
and Gram-negative bacteria [2]. Cefotiam hexetil 
dihydrochloride is absorbed from the gastroin- 
testinal tract after oral administration. The drug 
is hydrolysed to I in the intestinal membrane dur- 
ing absorption, and only I and a small amount of 
its d3-isomer (II) are detected in plasma [3]. 

Several papers [4-61 have reported a method 
for the determination of I alone in biological 

fluids using high-performance liquid chromatog- 
raphy (HPLC). No microbiological method can 
determine the inactive metabolite II. We have 
previously described an HPLC method for the 
simultaneous determination of I and 11 in human 
plasma and urine, and have applied it to clinical 
studies of cefotiam hexetil dihydrochloride [7]. 
The method allows the direct injection of urine 
with only dilution by 0.1 A4 potassium dihydro- 
genphosphate solution. However, for plasma 
samples, although the clean-up procedure is not 
so laborious, a time-consuming evaporation step 
is required after deproteinization by acetonitrile. 
Recently, Kees et al. [8] reported an HPLC meth- 
od for determining I and II in human plasma. 
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Fig. 1. Structures of cefotiam hexetil, cefotiam (I) and d3-cefotiam (II). 

Although the method contains no evaporation 
step, it still requires a washing step by dichloro- 
methane after deproteinization by acetonitrile. 
Therefore we thought that it would be useful to 
develop a direct injection technique to determine 
I and II in plasma as a simpler method. As a 
direct injection method for biological fluids, the 
use of specially designed columns such as an in- 
ternal surface reversed-phase (ISRP) column [9- 
1 l] or column-switching techniques [12-271 has 
been reported. However, to our knowledge, there 
have been no reports of direct injection tech- 
niques for I and II in biological fluids. This paper 
describes a direct injection method for the simul- 
taneous determination of I and II in human plas- 
ma. 

EXPERIMENTAL 

Reagents and materials 
Cefotiam hexetil dihydrochloride, I, II and cef- 

menoxime used as the internal standard (I.S.) for 
the deproteinization method were all synthesized 
in the Research and Development Division, 
Takeda Chemical Industries (Osaka, Japan). 
Acetonitrile was of HPLC grade (Wako, Osaka, 
Japan). All other reagents were of analytical re- 
agent grade and were used without further puri- 
fication. 

Plasma pretreatment 
Human plasma was diluted 15 with 0.05 A4 

phosphate buffer (pH 7.7) and an aliquot of 500 
~1 was injected into the HPLC system. 

Instruments 
The HPLC system consisted of three LC-6A 

pumps, an SPD-6A ultraviolet (UV) detector, an 
FCV-2AH six-port switching valve and an 
SIL-6A autosampler, all of which were con- 
trolled by an SCL-6A controller (all from Shi- 
madzu, Kyoto, Japan). The autosampler was 
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Fig. 2. Schematic diagram of the HPLC system. PI. P2 and P3 = pumps I. 2 and 3: AS = autosampler; VAL = six-port valve; Cl and 

C2 = columns I and 2: DET = UV detector. The solid and dotted lines in the six-port valve indicate the valve positions I and 2. 

respectively. 

thermostated at 4°C by a WIG- 1llA cooler (Ishi- 
do, Chiba, Japan). UV detection was carried out 
at 254 nm. The peak heights of analytes were 
measured by a C-R3A integrator (Shimadzu). 
The pretreatment column (Cl) was Guard Pak 
PBondapak Cl8 (Waters, Milford, MA, USA). 
The analytical column (C2) was YMC ODS 
A-302 (5 pm particle size, 150 mm x 4.6 mm 
I.D.; Yamamura Chemical, Kyoto, Japan). The 
mobile phases (MP 1, MP2 and MP3) were as fol- 
lows: 0.05 M phosphate buffer (pH 7.7) for MPl~ 
acetonitrile-water (6:4, v/v) for MP2 and 0.05 M 
phosphate buffer (pH 7.7)-acetonitrile (88: 12, 
v/v) for MP3. The temperature and the flow-rate 
for both columns were 25°C and 1 .O ml/min, re- 
spectively. 

Analytical system and procedure 
A schematic diagram of the HPLC system is 

shown in Fig. 2. The timing of the column switch- 
ing is shown in Table 1. The analytes in the in- 
jected sample were enriched on the top of Cl with 
MP 1, while proteins and endogenous hydrophilic 
substances were washed off to waste. At 10 min 
after injection, the enriched analytes were back- 
flushed onto C2 with MP3. The analytes were 
then separated on C2 with MP3, while Cl was 
washed with MP2 for 10 min and switched back 
to MPl for the next injection. The analysis of 
each sample was completed within 35 min. 

Determinution qf’I and II in plusma by the depro- 
teinization method 

The method was previously reported [7]. The 
outline of the procedure is as follows. To 400 ~1 
of plasma were added 150 ~1 of 0.33 M hydro- 
chloric acid and 1.5 ml of acetonitrile containing 
0.6 pg of cefmenoxime (IS.). The mixture was 
vortex-mixed for 30 s and centrifuged for 5 min 
at 2000 g. The decanted supernatant was evap- 
orated to dryness under a stream of nitrogen at 
40”C:The residue was dissolved in 300 /II of 0.1 
M potassium dihydrogenphosphate solution and 
an aliquot of 100 ~1 was injected into the HPLC 
system. The HPLC conditions were as follows: 
column, YMC ODS A-302 (5 blrn particle size, 
150 mm x 4.6 mm I.D.); mobile phase, 0.05 M 

TABLE I 

TIMING OF THE COLUMN SWITCHING OF THE HPLC 

SYSTEM 

Operation time (min) 

Valve position 
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phosphate buffer (pH 7.7)-acetonitrile (88: 12, 
v/v); detection, UV 254 nm; flow-rate, 1.0 ml/ 
min; temperature, 25°C. 

RESULTS AND DISCUSSION 

The analytical conditions (C2, MP3, temper- 
ature and detection) were similar to those report- 
ed previously for the deproteinization method 
[7]. As the pretreatment column (Cl), TSK pre- 
column BSA-ODS (Tosoh, Tokyo, Japan) and 
Guard Pak PBondapak Cl8 were tested. Al- 
though both columns showed similar retention 
behaviours for 1 and II, the second column was 
adopted for the present study because of its con- 
venience for the replacement of the cartridge col- 
umn. As the flushing eluent (MPl), water and 
0.05 A4 phosphate buffer (pH 7.7) were investi- 
gated. The analytes were not sufficiently retained 
with water on Cl. Phosphate buffer retained both 
I and II more strongly, and the compounds were 
not eluted from Cl with 20 ml of this solvent. The 
p&(3) value of I is 7.0 [28] and this is considered 
to be why the analytes were retained more 
strongly with phosphate buffer (pH 7.7) on the 
reversed-phase pretreatment column. Further- 
more, the baseline drift after column switching 
was smaller with the phosphate buffer, which is 
the same with the aqueous composition of the 
analytical mobile phase (MP3). Thus, 0.05 A4 
phosphate buffer (pH 7.7) was adopted as MPl. 

There are two methods eluting the enriched 
analytes from Cl to C2 with MP3: the straight- 
flush and back-flush methods. In order to investi- 
gate the peak broadening, the peak areas and 
heights after column switching with straight- or 
back-flush modes were compared with those ob- 
tained with C2 alone without column switching 
(Table II). The peak areas obtained were almost 
the same as those obtained without column 
switching, which shows that the recoveries of the 
analytes from Cl both with straight- and back- 
flush modes were satisfactory. The straight-flush 
mode showed lower peak heights, caused by peak 
broadening. However, the back-flush mode 
caused no peak broadening, as demonstrated by 
the fact that peak heights were similar to those 

TABLE II 

COMPARISON OF PEAK HEIGHTS AND AREAS OF I 

AND II WITH AND WITHOUT COLUMN SWITCHING 

RPH = relative peak height compared with that without column 

switching; RPA = relative peak area compared with that with- 

out column switching. 

I II 

RPH RPA RPH RPA 

Without column switching (100) (100) (100) (100) 
With column witching 

Back-flush mode 98.5 99.3 98.1 97.8 

Straight-flush mode 76.7 94.6 77.7 94.0 

obtained without column switching. The analytes 
were considered to be enriched on the top of Cl 
with MPl. Back-flush mode was finally adopted 
for the present study to minimize peak broad- 
ening. A washing step of Cl by 60% acetonitrile 
(MP2) was added to elute the retained hydro- 
phobic substances from Cl after the analytes 
were transferred to C2. This extended the life- 
span of C 1 (data not shown). The precolumn was 
replaced approximately every 50 samples, al- 
though its lifespan was considered to be much 
longer. 

Fig. 3 shows the chromatograms of plasma 
samples obtained with the present method. Com- 
pounds I and II were satisfactorily separated 
from each other, and no interferences were ob- 
served at the retention times of both compounds. 
No memory effect was observed after the repeat- 
ed injections of plasma sample. 

The calibration graphs were obtained by ana- 
lysing spiked plasma samples over the concentra- 
tion ranges 10-8000 ng/ml for 1 and lo-500 ng/ 
ml for II. The least-squares regression fit showed 
good linearity, passing through the origin for 
both analytes (Table III). Recoveries of the ana- 
lytes from plasma, calculated by comparing the 
peak heights with those of standard aqueous so- 
lution treated similarly, were quantitative, with 
the coefficients of variation (C.V.) being below 
4% for both compounds (Table IV). Although 
no internal standard was used in the present 
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TABLE 111 

REGRESSION DATA FOR CALIBRATION CURVES OF I AND II IN PLASMA 

Equation: peak height = concentration (ngjml) x u + h; II = number of points. 

Compound Concentration range n Slope 

(ngiml) (a) 
_ ._ 

I I O-8000 IO 4.96 

II IO-500 6 5.12 

method, satisfactory validation data were ob- 
tained. The detection limits in plasma were 10 
ng/ml for both I and II at a signal-to-noise ratio 
of 3, which are the same as those obtained by the 
deproteinization method [7]. 

Concentrations obtained by the present meth- 
od were compared with those obtained by the 
deproteinization method [7], using l-2 h plasma 
samples after oral administration of cefotiam 
hexetil dihydrochloride (400 mg potency equiv- 
alent to cefotiam) in man. As shown in Table V, 
both concentrations were in good agreement. 

In conclusion, an automated HPLC method 
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Fig. 3. Chromatograms after column switching. (A) Drug-free 

plasma; (B) plasma spiked with I (4 big/ml) and II (250 ng/ml); 

(C) No. 10 plasma sample in Table V (I = 3.55 pg/ml, II = 107 

ng/ml). 
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Intercept 

(b) 

-45.2 

- 3.3 

Correlation 

coefficient 

0.999 

0.999 

TABLE IV 

REPRODUCIBILITY OF RECOVERY DATA FOR 1 AND 

II FROM SPIKED PLASMA 

COm- Concentration Recovery C.V. Number of 

pound (ngiml) ( “xl ) W) cxperimcnts 

I 4000 103.9 0.88 5 

I600 101.6 1.84 5 

II 250 101.8 I.10 5 

100 100.0 3.08 5 

using column switching was established for the 
simultaneous determination of I and II in human 
plasma. This method is simple and should be ap- 

TABLE V 

COMPARISON OF CONCENTRATIONS OF I AND II DE- 

TERMINED BY THE PRESENT METHOD (A) AND BY 

THE DEPROTEINIZATION METHOD (B) 

Plasma samples were obtained from human volunteers who re- 

ceived cefotiam hexetil dihydrochloride orally at a dose of 400 

mg (equivalent to I). 

Sample Concentration of I Concentration of I1 

No. (pglml) (ng;ml) 

Method A Method B Method A Method B 
.~__ 

I 2.94 2.71 87 6’) 

2 4.45 4.17 155 I39 

3 4.38 4.06 I18 II0 

4 2.38 2.06 89 88 

5 3.87 3.67 97 89 

6 3.41 3.26 II3 99 

7 2.71 2.82 72 70 

8 I .84 I .89 59 58 

9 4.62 5.05 153 155 

IO 3.55 3.80 107 III 
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plicable to plasma samples after oral administra- 
tion of cefotiam hexetil dihydrochloride in man. 

REFERENCES 

1 T. Nishimura, Y. Yoshimura and M. Numata. Jpn. Kokar 

Tokkyo Koho, JP 59-225192 (1984). 

2 K. Tsuchiya. M. Kida, M. Ono, M. Takeuchi and T. Nishi. 

ft,i/inticroh. Age,Ils Chfwotlrer., 14 (1978) 557. 

3 T. Nishimura. Y. Yoshimura, A. Miyake. M. Yamaoka. K. 

Takanohashi, N. Hamaguchi. S. Hirai. T. Yashiki and M. 

Numata. J. il/~/ihiot.. 40 (1987) 81. 

4 K. Itakura. M. Mitani. I. Aoki and Y. Usui, C/rem Phtrrrn. 

UuN., 30 (19X2) 622. 

5 J. B. Lccaillon. M. C. Rouan, C. Souppart. N. Febvrc and F. 

Jupc. J. Chromtrtogr., 228 (19X2) 257. 

6 K. Yamnmurn. M. Nakao. J. Yamada and T. Yotsuyanagi, 

J. Phcrrr~!. Sri., 72 (1983) 958. 

7 K. Yamashita, R. Ohta, K. Yamaguchi, 1. Aoki. K. Maeda, 

T. Fugono and T. Yashiki, Chwnofherap.!~ iTokyo). 36 S-6 

(198X) 116. 

8 F. Kees, W. Raasch, M. Steger and H. Grobecker, J. Chro- 

mafogr.. 525 (1990) 484. 

9 1. H. Hagestam and T. C. Pinkerton, Anal. Chrm., 57 (1985) 

1757. 

IO I. H. Hagestam and T. C. Pinkerton, J. Chromatogr., 351 

(1986) 239. 

II I. H. Hagestam and T. C. Pinkerton, J. Chromafogr.. 368 

(1986) 77. 

I2 W. Roth, K. Beschke, R. Jauch, A. Zimmer and F. W. Koss, 

J. Cltron7utogr.. 222 (1981) 13. 

I3 S. F. Chang. T. M. Welscher and R. E. Ober, J. Pharm. Sci.. 

72 (1983) 236. 

I4 Y. Tokuma, Y. Shinoraki and H. Noguchi. J. Chromato~r., 

311 (1984) 339. 

I5 W. Roth J. Chromafogr.. 278 (19X3) 347. 

I6 J. Dow. M. Lemar. A. Frydman and J. Gaillot. J. Chronrt~- 

fogr.. 344 (1985) 275. 

17 J. Carlqvist and D. Westerlund, J. C’hromtrfo~r.. 344 (1985) 

285. 

18 S. Oldfield. J. D. Berg. H. J. Stiles and B. M. Buckley. J. 

Chronurogr., 377 (19X6) 423. 

19 H. Takahagi. K. Inoue and M. Horiguchi. J. Chromafogr.. 

352 ( 1986) 369. 

20 P. J. Arnold and 0. V. Stetten. J. Chrormlfogr.. 353 (1986) 

193. 

21 K. Zcch and R. Huber, J. Chromtrfogy., 353 (1986) 351. 

22 E. M. Bargar, J. Cbromurogr.. 417 (1987) 143. 

23 R. Wyss and F. Bucheli, J. Chromufogr.. 431 (198X) 297. 

24 H. Irth, R. Tocklu. K. Welten. G. J. De Jong, U. A. Th. 

Brinkman and R. W. Frei, J. Chromafogr., 491 (1989) 321. 

25 M. M. L. Aerts, W. M. J. Beek and U. A. Th. Brinkman, J. 

Chrornatogr.. 500 (1990) 453. 

26 B. P. Crawmer. J. A. Cook and R. R. Brown, J. Chrornatogr., 

530 (1990) 407. 

27 G. Tamai, M. Edani and H. Imai, Anal. Sci., 7 (1991) 29. 

28 K. Itakura, T. Onoue. M. Godo, Y. Oda. K. Naito and M. 

Kuwayama, J. Takeda Res. Lab., 37 (1978) 286. 


