Journal of Pharmaceutical & Biomedical Analysis
Vol. 8, No. 1, pp. 73~77, 1990
Printed in Great Britain

0731-7085/90 $3.00 + 0.00
© 1990 Pergamon Press plc

Fast-LC determination of 1-methyl-1H-tetrazole-5-
thiol in human plasma with column-switching sample

clean-up
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Abstract: A simple, fast and sensitive method for the quantitative determination of 1-methyl-1H-tetrazole-5-thiol using
HPLC is reported. Samples are deproteinated by plasma water filtration and injected into a HPLC system capable of
column switching and backflushing the analytical column. The limit of quantitation was determined to be 70 ng ml~* and
the limit of detection 22 ng ml~'. Between-day precision (expressed as percent coefficient of variation) of standard curve
slopes was +3.5% with a range of within-day percent coefficient of variations from 0.28 to 1.4%. Recovery and precision
of spiked control samples was 96 + 7% over a concentration range of 630-6300 ng ml™2.
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Introduction

1-Methyl-1H-tetrazole-5-thiol (NMTT) is a
degradation product of some cephalosporin or
cephamycin antibiotics, including cefazaflur,
cefamandole, cefmetazole, moxalactam, cefo-
perazone, and cefmenoxime. There are cur-
rently no data to support a metabolic mechan-
ism for the production of NMTT from these
drugs, although Shindo proposed a mechanism
of hepatic metabolism with excretion of the
NMTT in plasma or bile [1]. However, there
seems to be clear evidence linking certain
‘cephalosporins containing the NMTT side-
chain with hypoprothrombinemia and platelet
dysfunction [2-11]. NMTT is thought to inter-
fere with the biosynthesis of prothrombin
precursors [12-18]. The exact mechanism of
hypoprothrombinemia associated with certain
antibiotics is currently controversial although
Lipsky pointed out the similarity of the NMTT
dimer structure to disulfiram and the fact that
both NMTT and disulfiram inhibited gamma
carboxylation of glutamic acid, a necessary
reaction in the synthesis of four of the clotting
factors [13].

Regardless of the actual mechanism for
hypoprothrombinemia and platelet dysfunc-
tion, patients with impaired renal function
undergoing treatment with antibiotics contain-
ing the NMTT sidechain may be at increased

risk for this disorder since high concentrations
of NMTT would be expected to persist during
antibiotic therapy. Because the elimination of
NMTT is assumed to be renal excretion and
the fact that the degree of protein binding of
the NMTT decreases from 36% in normals to
6% in renally impaired subjects [19], monitor-
ing of NMTT levels in renally-impaired sub-
jects administered cefmetazole (a second
generation cephamycin antibiotic) was an
important element in the safety assessment of
this antibiotic. In order to monitor levels of
NMTT in clinical plasma specimens of subjects
undergoing therapy with cefmetazole, sensitive
and specific methodology for its measurement
in human plasma needed to be developed. A
solid phase extraction procedure [20] and a
protein precipitation procedure with trichloro-
acetic acid in methanol [21] were tried but did
not afford adequate sensitivity before being
overcome by background interferences.
Another procedure using plasma water fil-
tration [19] was limited by analytical sensitivity
(250 ng ml™'). A more recent method [22]
reports solid phase extraction followed by
reversed phase chromatography. While this
method is useful for both urine and plasma, it
lacks the precision and simplicity of the pro-
cedure reported here. This report describes a
method using plasma water filtration for
sample preparation, improved chromatog-
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raphy conditions, and column-switching
sample clean-up, resulting in a more sensitive
and precise procedure than has heretofore
been published for monitoring systemic con-
centrations of NMTT.

Materials and Methods

Sample preparation

Calibration standards were prepared in
blank normal human plasma (Plasma Alliance,
Knoxville, Tennessee) by accurately weighing
about 0.7 mg of NMTT (Sankyo Company
Limited, Tokyo, Japan) into a 10 ml volu-
metric flask. Two to three millilitres of plasma
were added and the flask was gently swirled
until the NMTT was dissolved. The flask was
then diluted to the mark with blank plasma to
yield a stock standard of 70 pg ml~!. One to
one serial dilutions were then made in 25 ml
volumetric flasks to provide standards ranging
from 35 pg ml~! to 70 ng ml~%.

Control standards were prepared in blank
human plasma by accurately weighing about
1.6 mg of NMTT into a 10 ml volumetric flask
and dissolving and diluting with human plasma
to yield a 160 pg ml™! stock. A working stock
of 16 ug ml™! was prepared by pipetting 5 ml
of the 160 pg ml~! stock into a 50 ml volu-
metric flask and diluting with human plasma.
Appropriate dilutions of this working stock
control standard were made in plasma to yield
controls of approximately 6.4 pg ml™’,
1600 ng ml~!, and 640 ng ml™'. Calibration
standards and controls were aliquoted into
4 ml glass vials and frozen at —20°C until
analysis.

Sample preparation consisted of thawing
calibration standards, controls, and subject
unknowns and placing approximately 0.5 ml
into Amicon Centrifree (Amicon Corp.,
Danvers, Massachusetts) filters. The filters
were then centrifuged at 3000 r.p.m. (1255g)
for about 90 min in a fixed-angle rotor at 4°C
(Sorvall RT6000, DuPont Instr., Kennett
Square, Pennsylvania). Forty microlitres of the
filtrate (plasma water) were then hand injected
into the HPLC system.

Apparatus

The HPLC consisted of a Hypersil C;5 3 pm
column (Shandon Southern Instr., Sewickley,
Pennsylvania), 4.6 x 30 mm with a mobile
phase of buffer—acetonitrile (95:5, % v/v)
(Burdick & Jackson, Muskegon, Michigan)
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pumped at 1 ml min~!. The buffer consisted of
5 mM tetrabutylammonium phosphate (East-
man Chemicals, Rochester, New York) and
0.058 M NaH,PO, (pH 5.75). The column
eluant was monitored at 240 nm using a Kratos
Model 773 variable wavelength detector (ABI
Analytical, Kratos Division, Ramsey, New
Jersey) for 10 min with peak heights measured
for quantitation. Following elution of the
NMTT, a pneumatically driven high pressure
switching valve (Model CV-6-HPax, Valco
Instruments Co., Houston, Texas) reversed
the flow on the column. The column was then
back-flushed at 2 ml min~! for 8 min with a
rinse containing buffer (as above)-—acetonitrile
(75:25, %v/v). The valve then returned to the
starting position and the column was re-equi-
librated with mobile phase for 3 min. Under
these chromatographic conditions NMTT
eluted at approximately 6—7 min. Total cycle
time was 21 min.

Results

Optimization of mobile phase

Previous methodologies [19, 21] utilized
mobile phases with pH values of 6.5-7.75 with
organic solvent compositions of about 15-
20% . Reduction of the organic solvent propor-
tion (acetonitrile) to 5% resulted in longer
column retention of NMTT and better separ-
ation of NMTT from endogenous components.
After examining the separation of NMTT from
endogenous components with mobile phases of
pH 5, 5.5, 5.75, 6, 6.5 and 7 we determined
that optimum chromatography was achieved
with a pH of 5.75; this mobile phase moved
one background peak further from the NMTT
than the other pH values tested, and in
addition, this pH was close to the pH optimum
(5.5) for cefmetazole stability.

On-line sample clean-up utilizing column
switching

Because each specimen containing NMTT
would most likely contain cefmetazole (at
much higher levels), it was important to pro-
vide a means of removing cefmetazole from
each specimen. Use of short columns and high
flow rates (so called “Fast LC”) reduced
chromatography time by more than half when
compared against chromatography with a
25 cm, 5 um column. Sufficient theoretical
plates were present with the 3 cm column to
achieve excellent separation of NMTT and



endogenous components present. However,
using the 3 cm column without the column-
switching procedure, cefmetazole had a reten-
tion time of approximately 63 min. Thus, on-
line column switching proved to be a reliable
and efficient approach to effectively remove
cefmetazole from the sample. Figure 1 shows
typical chromatograms of plasma sampled 5 h
following three 2 g doses of either piacebo
(saline), cefmetazole, or cefoperazone. NMTT
levels were 0, 300 and 1484 ng ml™! for the
respective treatments. The clean background
of the placebo subject specimen in the area of
NMTT retention illustrates the power of the
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Figure 1

Chromatogram of plasma from a placebo subject (A), a
cefmetazole subject (B), and a cefoperazone subject (C),
5 h after the third dose. Subjects were dosed three times
i.v. with 2 g of either saline, cefmetazole, or cefoperozone,
over a 14 h period.

Table 1
Standard calibration curve precision
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clean-up procedure. Additionally, since these
subjects had been dosed with 6 g of parent
drug, it can be seen that there are no apparent
background changes, further illustrating com-
plete removal of the parent drug from the
chromatographic system.

Limit of detection and quantitation

The limit of detection (LOD) for NMTT was
estimated by determining the concentration
equivalent to approximately three times the
detector noise of the low standard (r.m.s.
noise) for each analysis and averaging the
resuits. With this method an LOD of 7 = 2 ng
ml~! (0.28 ng on column) was calculated.

The limit of quantitation (LOQ) was estab-
lished by calculating the level at which the
interday coefficient of variation of the cali-
bration curve standards began to exceed 25%.
For this method a level of 70 ng ml™! (2.8 ng

on column) fits this criterion.

Calibration curve precision

Intercepts for the best-fit linear regression
analysis were not significantly different from
zero (p > 0.05), therefore, linear regression
through-the-origin slopes were used for all
calculations. Interday coefficients of variation
for peak heights of calibration curve standards
are given in Table 1. The through-the-origin
slope had a between-day RSD of 3% while
within-day RSDs on the origin slope ranged
from 0.22 to 1.4%. The average correlation
coefficient for 11 standard curves was 0.9996
with a range of 0.9981-1.000.

Control accuracy and precision
Controls for NMTT were prepared as

Peak height

Theor. conc. (ug ml™Y) N Mean S.D. C.V. (%)
0.07057 11 0.33 0.08 26
0.1411 11 0.61 0.13 21
0.2823 11 1.30 0.17 13
0.5645 10 2.7 0.3 13
1.129 11 5.8 0.3 6
2.258 11 12.1 0.8 7
4.516 11 25.0 1.3 5
9.032 11 49.0 2.2 5

18.06 11 102 4 4

36.13 8 206 10 5

72.26 7 402 14 3

Origin slope 1 5.58 0.19 3
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Table 2
Control recovery and precision
Concentration

(hgml™)
Label Found N Percentage of label (%) C.V. (%)
0.6307 0.58 19 92 7
1.577 1.51 17 96 6
6.307 6.3 18 99 5
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Figure 2

Concentration—time profiles of plasma from a subject dosed with 1 g cefmetazole, given 20 times over six days. The solid
circles represent the day 1 first dose blood levels and the open circles represent the day 6 (twentieth dose) blood levels.

described in the Materials and Methods sec-
tion. Control accuracy and precision was deter-
mined by preparing and assaying duplicate
controls with each set of unknowns and cali-
bration standards. Excellent recoveries were
obtained for controls as shown in Table 2.
Overall recovery was 96 + 7% for all controls
combined.

Utility of the method

The method represented by the chromato-
grams shown in Fig. 1 has also been used on
specimens from subjects dosed with moxa-
lactam, another NMTT containing antibiotic,
with similar, clean chromatography being
obtained. The power of the column-switching
clean-up has thus been proven for three differ-
ent NMTT containing antibiotics. Figure 2
illustrates the concentration—time profile of
NMTT in a normal subject dosed with 1 g of
cefmetazole, 20 times over six days. As ex-
pected, NMTT concentrations in the plasma
increased almost two-fold between day 1 and
day 6.

These data establish this method as a sensi-
tive, simple, fast, and accurate procedure for

determining NMTT levels in human plasma
following doses of antibiotics containing the 1-
methyl-1H-tetrazole-5-thiol sidechain.
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