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Abstract [] A rapid and sensitive GLC method for the determina-
tion of pentylenetetrazol was developed. The lower limit of detec-
tion is 1 ng./ul. of pentylenetetrazol. The technique involves ex-
traction of drug from water, plasma, urine, and/or whole blood
into organic solvent, evaporation of the solvent phase to dryness,
and redissolving in water. The aqueous extract is injected onto a
597 polyethylene glycol 20,000 column for quantification. The utility
of the procedure is demonstrated by its application to the deter-
mination of pentylenetetrazol in mixtures containing various
pharmaceuticals as well as to the analysis of blood and urine levels
of pentylenetetrazol in drug-treated rabbits.
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Analytical methodology related to the analysis of
drugs in biological fluids is of great importance today.
It is essential that the analytical procedures be simple,
sensitive, specific, and reproducible. Pentylenetetrazol
(I)!is widely used in man and animals for anticonvulsant
screening. After many years of extensive use, unsatis-
factory methods for the determination of submicrogram
concentrations of pentylenetetrazol are still being uti-
lized (1-10).

The most sensitive methods for pentylenetetrazol
analysis have been GC procedures. Kawamoto (8)
used a phenylmethylsilicone? column with a thermal
conductivity detector. Kolb and Patt (9) separated
pentylenetetrazol from a mixture of drugs on a 2.5%
phenylmethylsilicone?®, 1% polyamide resin* column.
Cardini er al. (10) employed a 39 polyamide resin*
column. None of these procedures is sensitive to
pentylenetetrazol in nanogram quantities. Recently,
Marcucci ef al. (11) reported a GC method for deter-
mining brain levels of pentylenetetrazol which would
detect aslow as 50 ng.

GC was selected as the analytical method of choice
for pentylenetetrazol in this laboratory since the desired
sensitivity has been attained with other pharmaceuticals.
Numerous qualitative methods for pentylenetetrazol
have been developed using paper, thin-layer, and gas
chromatography, but attempts to develop sensitive
quantitative chromatographic methods have been
largely unsatisfactory (3-5, 8-11).
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In this paper, a rapid and sensitive GLC method is
presented for the determination of pentylenetetrazol in
nanogram quantities from water, plasma, urine, and/or
whole blood samples. The analysis of pentylenetetrazol
in the presence of other pharmaceuticals is presented,
along with the application of the method in the deter-
mination of pentylenetetrazol in blood and urine sam-
ples from drug-treated rabbits.

EXPERIMENTAL

Apparatus—A gas chromatograph® equipped with a differential
flame-ionization detector and a recorder® was employed. Alu-
minum columns (3 mm. X 1.83 m.) packed with 5% polyethylene
glycol 20,0007 on 80-100-mesh diatomaceous earth® were utilized
throughout the study. Helium was used as the carrier gas at a flow
rate of 65 ml./min. Injection, column, and detector temperatures
were 300, 200, and 265°, respectively. Injections were made into the
gas chromatograph with a 10-ul. syringe®.

Reagents and Chemicals—Standard solutions of pentylenetetra-
zol (200 mcg./ml.) were prepared by dissolving weighed quantities
of the powder in distilled water. A 10-® M solution of procaine
hydrochloride!! in water was employed as the internal standard.,
All other chemicals used were the highest grades of the commer-
cially available materials.

Procedures for Determining Pentylenetrazol-—Method A. Water,
Plasma, and Urine Analysis—To a mixture of 0.5 ml. of sample
containing microgram quantities of pentylenetetrazol and 0.5 ml.
of phosphate buffer, pH 9.0 (12), in a 10-ml. test tube is added an
excess quantity of sodium chloride. The sample is extracted three
times with 5-ml. portions of water-saturated ether. During each
extraction, samples are mixed for 1 min. on a mixer'? and centri-
fuged for 5 min. to separate the layers. The combined ether layers
are transferred to another test tube and evaporated to dryness in
a 40° water bath. The dried residue in the test tube is redissolved
in 0.5 ml. of distilled water containing 0.2 pl. of the procaine hy-
drochloride solution and rotated vigorously on the mixer in order to
extract all of the drug into the water. When nanogram per milliliter
levels of pentylenetetrazol are to be detected, it is necessary to re-
dissolve the dried residue in 10-20-ul. quantities of distilled water,
taking special precautions that all drug is dissolved. The amount of
internal standard is reduced accordingly. One of three microliter
samples is then injected into the gas chromatograph for analysis.
Pentylenetetrazol concentrations are determined by the relative
peak height method (13).

Method B. Whole Blood Analysis—Method A is followed ex-
cept that the original sample in a 10-ml. test tube is extracted once
with a 5-ml. portion of benzene. Benzene is used in this extraction to
avoid the emulsion formation one encounters with ether extrac-
tions of whole blood. Then 4 ml. of the benzene extract is trans-
ferred to another 10-ml. test tube, followed by evaporation of the
benzene and redissolving the dried residue in water for injection
into the gas chromatograph.

In Vivo Study—Subconvulsive doses of 1 mg./kg. body weight of
pentylenetetrazol in saline are administered intravenously in the
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Figure 1—Representative gas chromatogram for pentylenetetrazol
on 5% polyethylene glycol 20,000. Key: A, pentylenetetrazol: and
B, procaine hydrochloride.

marginal ear vein of six unanesthetized rabbits!3. Polyethylene
catheters (1.1 mm. i.d.) are inserted into their bladders to collect
urine specimens. The rabbits are placed in rabbit boxes, and blood
is withdrawn by ear puncture at 15-, 30-, 60-, 90-, 150-, 270-, and
390-min. intervals after injection. The whole blood samples are
heparinized and chilled in test tubes at 0.5° before being analyzed
using Method B.

RESULTS AND DISCUSSION

The objective of this study was to develop a sensitive and rapid
method for the analysis of pentylenetetrazol in biological materials.
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Figure 2—Typical calibration curve for pentylenetetrazol.

13 New Zealand white male rabbits (2 kg.), furnished by Cherokee
Labs, Atlanta, Ga.
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Table I—Determination of Pentylenetetrazol-Drug Mixtures
for Pentylenetetrazol®

Percent
Recovery of
) Pentylene-
Mixture Components, Concentration of 1072 M tetrazol®
1 Phenobarbitale 97.0
Methamphetamined
Pentylenetetrazol
2 Sulfathiazoles 98.0
Chlorpromazine hydrochlorides
Pentylenetetrazol
3 Caffeined 100.0
Diazepam/
Pentylenetetrazol
4 Ephedrine sulfates 98.0
Aspirin*
Pentylenetetrazol
5 Niacind 99.0
Pentylenetetrazol

o Pentylenetetrazol detected by Method A (see Experimental section).
b Recoveries based on pentylenetetrazol added to drug mixtures before
extraction. ¢ American Pharmaceutical Co., New York, N. Y. ¢ Eastman
Kodak Chemicals, Rochester, N. Y. ¢ Smith Kline and French Labora-
tories, Philadelphia, Pa. / Hoffmann-La Roche, Nutley, N. J. ¢ Ruger
%he]mical Co., Irvington-on-Hudson, N. Y. » Merck and Co., Rahway,

A major problem in devising a suitable analytical procedure for the
drug is its unusual chemical properties, Pentylenetetrazol is freely
soluble in both polar and nonpolar solvents. It has a high dipole
moment of 6.14 debyes and exhibits tautomerism with aromatic
characteristics. It is unreactive partly due to lack of hydrogens on
any of the ring nitrogens and full saturation in the other ring. These
limit the versatility in measuring low concentrations of pentylene-
tetrazol by commonly employed methods. The compound possesses
no natural fluorescence, color, chromophore, or outstanding func-
tional grouping which would allow the use of fluorometric, colori-
metric, UV spectrophotometric, or functional group analysis
methods for its estimation.

Severe tailing and peak asymmetry are encountered with micro-
amounts of pentylenetetrazol in most GC systems. A variety of
nonpolar to polar liquid stationary phases were used in an attempt
to find the optimal conditions for pentylenetetrazol that would give
sharp, symmetrical, and reproducible peaks at submicrogram con-
centrations. Ethylvinylbenzene-divinylbenzene polymer!* and 5%,
polyethylene glycol 20,0007 are the most sensitive phases found.
The use of ethylvinylbenzene-divinylbenzene polymer gives better
sensitivity than polyethylene glycol 20,000, but it does not afford
as good a separation when other drugs are present in samples with
pentylenetetrazol. Therefore, polyethylene glycol 20,000 was
chosen as the stationary phase of choice since it proved to be a bet-
ter system for use with biological specimens, which may contain
other drugs or chromatographable components.

A representative gas chromatogram for pentylenetetrazol on 5%
polyethylene glycol 20,000 is shown in Fig. 1. A typical calibration
curve for the drug using ratios of peak heights of pentylenetetrazol
to internal standard versus concentration of pentylenetetrazol is
seen in Fig, 2.

The results of a study to establish optimal conditions for ex-
tracting pentylenetetrazol from water, plasma, and/or urine indi-
cate that extraction with ether at pH 9.0 gives the highest percent
recoveries (98.4 + 0.13, 84.3 = 0.59, and 98.2 = 0.497, respec-
tively). Benzene is substituted for ether when whole blood is used
because of emulsion formation with ether. The percent recovery of
pentylenetetrazol from whole blood with benzene is 84.5 &+ 0.61%;.
Additional benzene extractions do not significantly change these
data. Addition of sodium chloride to the aqueous samples is neces-
sary to extract pentylenetetrazol as quantitatively as possible. A
preliminary in vitro binding experiment performed in this laboratory
showed that 8.9-9.0% of pentylenetetrazol is bound to plasma pro-
teins in rabbits (14). This probably accounts for some of the loss of

14 Porapak Q, Waters Associates, Framingham, Mass.
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Figure 3— Disappearance of pentylenetetrazol from blood levels of
drug-treated rabbits.

pentylenetetrazol connected with lower. percent recoveries from
plasma and whole blood.

It is also shown that other drugs, which might be present in
biological samples with pentylenetetrazol, do not significantly inter-
fere with the analysis of pentylenetetrazol using the methods de-
scribed here (Table I).

An in vivo study was performed to demonstrate the further ap-
plication of the procedures. Pentylenetetrazol is injected into rab-
bits, and blood and urine samples are collected and analyzed. After
6.5 hr., measurable blood levels (25 ng./ml.) are detected by the
whole blood extraction method (Method B) as shown in Fig. 3.
Excretion of urine by the rabbits was restricted due to renal shut-
down, but analysis of urine taken after a 3-hr. period shows levels of
55 ng./ml. of pentylenetetrazol (Method A).

No attempt was made to extract and identify metabolites of pen-
tylenetetrazol; but one consistent unidentifiable peak, having a re-
tention time of 1.8 min. compared to 2.3 min. for pentylenetetrazol,
appears on the chromatogram from the rabbit urine exiracts. The
unidentified peak is sharp and symmetrical and closely approxi-
mates the area of the pentylenetetrazol peak. In 1971, Rowles
et al. (7) demonstrated by the administration to humans of 4C-
labeled pentylenetetrazol that the drug is metabolized and ex-
creted in the urine as unchanged pentylenetetrazol and at least three
metabolites. Later in 1971, Ko and Hosein (15) proposed a pos-
sible structure for a metabolite of pentylenetetrazol found in human
urine, It is said to be the 6-substituted sulfate ester of pentylene-
tetrazol.

In summary, a rapid and sensitive method involving extraction of

pentylenetetrazol from water, plasma, urine, and whole blood and
quantification of the extracts by GC was developed. The procedure
detects as little as 1 ng./ul. of pentylenetetrazol and can be com-
pleted in less than 30 min., with good reproducibility as shown by
a relative standard deviation of +1.1%. The method is relatively
free from interferences by other drugs, and the procedure is appli-
cable to nanogram concentrations of pentylenetetrazol in biological
fluids.
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