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Abstract Plasma nordiazepam levels resulting from the oral ad- 
ministration of clorazepate potassium salts were determined by a 
sensitive GLC assay. Nordiazepam and the internal standard (di- 
azepam) were selectively extracted into ether a t  pH 9.2, hydro- 
lyzed to their respective benzophenones, and quantified by elec- 
tron-capture detection. The assay was used in a comparative bio- 
availability study of single equimolar oral doses of monopotassium 
and dipotassium salts of clorazepate in dogs. Both clorazepate 
salts were rapidly absorbed and exhibited mean peak total drug 
levels after 1 hr. Clorazepate levels accounted for about 50% of the 
total drug levels present. No statistical difference in the plasma 
drug levels of clorazepate mono- and dipotassium salts and the 
metabolite was found in dogs. 
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Clorazepate potassium salts (I and 11) are new 1,4- 
benzodiazepine antianxiety agents (1-4). These salts 
are highly water soluble and rapidly decarboxylate 
(Scheme I) to nordiazepam (111) at a low pH. Decar- 
boxylation also occurs at physiological pH but at a 
much slower ratel. 

This paper describes an assay procedure for nordi- 
azepam (111) in plasma. The procedure is a modifica- 
tion of the GLC method of de Silva et al.  (5), which 
converts I11 to 2-amino-5-chlorobenzophenone (IV) 
with subsequent quantification by GLC using elec- 
tron-capture detection (Scheme I). Diazepam (V), 
which is converted by hydrolysis to 2-methylamino- 
5-chlorobenzophenone (VI), is used as the internal 
standard. 

Plasma clorazepate levels were calculated from the 
difference between the total measured nordiazepam 
levels, by converting the residual parent drug (clor- 
azepate) to nordiazepam, and the nordiazepam levels 
measured after immediate extraction. The method 
was applied to the determination of the bioequiva- 
lence of a single equimolar oral dose of clorazepate 
mono- and dipotassium salts in dogs. 

EXPERIMENTAL 

Drug Administration to Dogs-Twelve female beagle dogs of 
approximately equal weights were used in this crossover study to 
determine the bioequivalency of these two compounds after oral 
administration. Six dogs were randomly assigned 6.5-mg doses of 
the monopotassium salt or 7.5-mg doses of the dipotassium salt 
during the first period of the study. The administration of formu- 
lations to the dogs was reversed during the second period 1 week 
later. These doses were equivalent on a molar basis to 5.8 mg of the 
free acid. The capsule formulations were administered to the dogs 

* R. C. Sonders and D. J. Anderson, Abbott Laboratories, North Chicago, 
IL 60064,1974, unpublished data. 
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in the morning after an overnight fast, and 30 ml of water then was 
given to each dog. 

Blood samples were taken in 5-ml heparinized vacuum tubes be- 
fore dosing and at  0.5, 1,1.5, 2, 3, 4,6, 8.12, and 24 hr after dosing. 
Samples (3 ml) were cooled and centrifuged within 3 min after col- 
lection. One-half milliliter of the 0.5-, 1-, 1.5-, 2-, 3-, and 4-hr plas- 
ma samples was placed into tubes containing buffer and ether, and 
these samples were immediately extracted after collection to mini- 
mize conversion of clorazepate to nordiazepam (Scheme I). The re- 
maining portion of the plasma samples was frozen until they were 
assayed. 

Instrumental Conditions-Analysis was performed with a gas 
chromatograph* equipped with a 63Ni electron-capture detector, 
containing a 2 mCi 63Ni @-ionization source, and an electronic inte- 

* Hewlett-Packard model 7620A. 
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Table I-Reproducibility of Plasma Nordiazepam Assay 

Peak Area 
Sample Peak Area 

(0.15 pglml) IV VI Ratio 

1 8491 6673 0.786 
2 11320 8680 0.767 
3 12150 9842 0.810 
4 11760 9633 0.819 
5 12750 9983 0.783 
6 13450 ii65o 0.866 
7 10570 9042 0.855 
8 12910 10700 0.823 

Mean A SD 0.813 A 0.035 
Coefficient of variation = 4.31% 

grator3. Argon-methane4 (95:5) was used as the carrier gas, and the 
column head pressure was preset a t  40 psig. A 1.56-m (6-ft), 2-mm 
i.d. borosilicate helical glass column was packed with 3% Poly 
A-103 on Gas Chrom Q6 and conditioned for 15 hr at 270' with the 
carrier gas flowing a t  25 ml/min. Column life was 2-3 months when 
the carrier gas was passed through an oxygen trap6. 

The temperature settings were as follows: oven, 250'; injection 
port, 265'; and detector, 325'. The electrometer' range was set at 
lo3, the output attenuation of the integrator was set a t  2, and the 
recorders chart speed was 0.6 cm (0.25 in.)/min. The pulse interval 
for the electron-capture detector was 150 psec. Under these condi- 
tions, IV (hydrolysis product of 111) and VI (5) (hydrolysis product 
of V; internal standard) had retention times of 5.0 and 3.9 min, re- 
spectively. By using the following procedure, the minimum mea- 
surable amount of I11 is 0.01 pglml of plasma. 

Assay Procedure-Preparation of Plasma Standards-Pre- 
pare a nordiazepam primary standard of 100 pg/ml in ethanol. Use 
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Figure I-Gas-liquid chromatograms (electron-capture detec- 
tor) of plasma extracts: left, normal plasma specimen with inter- 
nal standard; middle, plasma specimen after a single oral dose of 
a clorazepate salt; and right, plasma standard containing 0.15 
pglml of nordiazepam. 

Hewlett-Packard model 3370A. 
Matheson, oil pumped and dry. 
Applied Science. 
Altech Aasociates. 
Model 7650A. 
Model 7128A. 
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Figure 2-Electron-capture detector calibration curve wing the 
peak area ratio of IV /W versus the micrograms per milliliter of 
nordiazepam in the plasma. 

1.0 ml of the ethanolic standard to prepare 100 ml of plasma stan- 
dard a t  a concentration of 1.00 pglml. Further dilute the plasma to 
0.50,0.25, and 0.125 pg/ml with plasma. 

Determination of Nordiazepam-Immediately centrifuge 
(within 3 min) freshly collected heparinized blood in a refrigerated 
centrifuge set a t  2'. Transfer 0.5 ml of plasma to a 20-ml mew- 
capped test tube containing 5 ml of cold (5') 0.1 M K2HPOl buffer 
(pH 9.2) containing 0.10 pg of diazepamlml (freshly prepared). 
Add ether9 (7 ml) immediately, shake the tube on a reciprocal 
shaker a t  250 cpm for 10 min, and then separate by centrifugation 
for 10 min at  2000 rpm. Transfer 5 ml of ether to a 20-ml screw- 
capped tube containing 5 ml of 6 N HCl. After shaking and centri- 
fuging as already described, discard the ether layer by aspiration. 
Also aspirate off a small amount of the acid layer to assure com- 
plete removal of ether. 

Place the samples in a water bath and heat to boiling with occa- 
sional shaking of the samples. Cap the tubes tightly and leave 
them in the boiling water bath for 1 hr to convert completely I11 to 
IV and V to VI. After cooling samples in an ice bath, add 5.5 ml of 
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Figure 3-Mean total plasma nordiazepam level curves in dogs 
(12 dogs/compound) following the oral administration of clor- 
azepate salts. Key: .,6.5-mg dose of I; and 0, 7.5-mg dose of II .  

Mallinckrodt, anesthetic grade. 
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Table 11-Mean Plasma Nordiazepam (Immediate Extraction) Levels after Oral Administration of 6.5 mg 
of Clorazepate Monopotassium and 7.5 mg of Clorazepate Dipotassium to Dogs (12 Dogs/Compound) 

Plasma Nordiazepama , pg/ml Area under 
Curvea , 

Compound 0 hr 0.5 hr 1 hr 1.5 hr 2 hr  3 hr 4hr  (0-4 hr) 

Clorazepate monopotassium 
Mean 0 0.10 0.29 0.26 0.19 0.11 0.06 0.61 
SD t0.12 t0.15 to.09 t0.06 50.06 t0.04 t0.22 
Range 0.00-0.39 0.04-0.53 0.04-0.41 0.03-0.26 0.02-0.19 0.01-0.11 0.10-0.88 

Mean 0 0.14 0.31 0.24 0.19 0.12 0.07 0.64 
SD t0.12 k0.13 to.11 t0.08 t0.08 t0.06 i0.30 

Clorazepate dipotassium 

Range 0.01 -0.36 0.08-0.48 0.06-0.4 1 0.05-0.34 0.05 -0.28 0.0 1-0.20 0.22-1 -22 
~~ 

a No significant differences were found at the 0.05 level. 

Table 111-Mean Calculated Plasma Clorazepate Levels after Oral Administration of 6.5 mg of Clorazepate 
Monopotassium and 7.5 mg of Clorazepate Dipotassium to,Dogs (12 Dogs/Compound) 

Calculated Plasma Clorazepatea, pg/ml Area under 
Curvea 

Compound 0 hr 0.5 hr 1 hr 1.5 hr  2hr  3 hr 4 hr (0-4 h r )  

Clorazepate 
monopotassium 

Mean 0 0.14 0.22 0.21 0.14 0.11 0.04 0.52 
SD 20.18 t0.25 t0.21 t0.14 50.08 t 0.04 

ClorazeDate 
d i p o b i u r n  

Mean 0 0.22 0.30 0.25 0.16 0.09 0.04 0.62 
SD t0.13 i0.21 20.19 t0.13 t 0.06 k0.04 

a No significant differences were found at  the 0.05 level. 

6 N NaOH and 6 ml of etherg. Shake and centrifuge the samples as 
previously described. 

Transfer 5 ml of the ether phase to a 15-ml conical screw-capped 
tube and evaporate to dryness a t  50’ with a stream of air. Dissolve 
the residue in 1.0 ml of benzene and inject 2 pl into the GLC. This 
procedure results in GLC tracings essentially free of coextracted 
impurities (Fig. 1). 

Determination of Clorazepate-Plasma clorazepate concentra- 
tionsl0 were determined by subtracting immediately extracted 
nordiazepam levels from the total drug levels obtained after hy- 
drolysis and multiplying the difference by 1.16 to correct for the 
molecular weight difference. 

Plasma nordiazepam concentrations were determined after im- 
mediate extraction under conditions that minimized in uitro con- 
version of clorazepate to nordiazepam. Another aliquot of the plas- 
ma sample was incubated at  40’ overnight and extracted as pre- 
viously described to determine the total drug concentration (nor- 
diazepam and clorazepate). Incubation converts essentially all 
(>99%) of the clorazepate to nordiazepam“. 

Calculations-The peak area ratios of IV to VI are plotted 
against known standards of nordiazepam, expressed as micrograms 
per milliliter of plasma. Values for unknown concentrations of nor- 
diazepam in plasma are read directly from the calibration curve 
(Fig. 2). 

RESULTS AND DISCUSSION 

Assay Reproducibility, Sensitivity, and Specif‘icity-The 
analysis of eight plasma samples a t  0.15 Wg/ml gave a coefficient of 
variation of 4.31% (Table I). Comparable reproducibility was 
found with samples at other concentrations. Under the described 
assay conditions, the lower limit of the quantitative detection of 
nordiazepam in plasma is 0.01 pg/ml. This value is based on a sam- 
ple signal equivalent to about 2% of full-scale response. A linear re- 
lationship between peak area ratios and concentration was ob- 
tained over the O.Ol-O.8O-pg/ml range. Quantification from a cali- 
bration curve was used (Fig. 2). 

The method is not specific for nordiazepam. If significant levels 

of other l,4-benzodiazepines, such as oxazepam, are present, they 
also are hydrolyzed to IV (6). Oxazepam, a metabolite of nordi- 
azepam, is found almost exclusively in urine (7, 8) with small but 
insignificant amounts in plasma (9). 

Serum or plasma samples for human subjects receiving cloraze- 
pate salts do not require incubation since little, if any, clorazepate 
is present’*. 

Plasma Nordiazepam Levels in Dogs-Mean (&SO) nordi- 
azepam peak levels of 0.29 f 0.15 and 0.31 i 0.13 pglml occurred 1 
hr after oral administration of equimolar doses of the monopo- 
tassium and dipotassium salts, respectively. These levels declined 
to about 0.07 pg/ml at 4 hr (Table 11). There were no significant 
differences by crossover analysis of variance (p < 0.05) in the nor- 
diazepam levels a t  all sampling times and in the 0-4-hr area under 
the plasma level curve between the two compounds. 

Plasma Clorazepate Levels-Plasma clorazepate levels were 
calculated based on the difference between total nordiazepam lev- 
els (parent drug plus metabolite) and nordiazepam levels (Table 
111). About one-half of the total nordiazepam level was present as 
clorazepate, although large variations (10-9096 clorazepate) existed 
between dogs. However, no significant differences in clorazepate 
levels were obtained with both salts (Table IV). 

Total DrugI3 Plasma Levels-Total plasma drug levels ex- 
pressed as nordiazepam were determined after converting plasma 
clorazepate to nordiazepam and measuring the combined concen- 
trations as nordiazepam. The mean total nordiazepam levels are 
given in Table IV. Both clorazepate salts were rapidly absorbed, 
with mean ( iSD)  peak total plasma nordiazepam levels of 0.51 f 
0.24 pg/ml for the monopotassium salt and 0.61 f 0.24 pg/ml for 
the dipotassium salt (Fig. 3). Total levels declined to about 0.01 
pg/ml at  12 hr and were undetectable after 24 hr. 

There were no significant differences ( p  < 0.05) in plasma levels 
between the two clorazepate salts at all sampling times. A h ,  no 
significant differences were found between the areas under the 
plasma level curve for various time intervale (Table 111). The total 
levels of combined parent drug and metabolite levels are more rep- 
resentative than either species alone in the assessment of bioavail- 
ability of these two potassium salts of clorazepate. 

‘OClorazepate concentrations are based on the free ionized form since 
both 

&razepate has an in uitro half-life of 70 min in dog plasma at  38”. 
This value was determined by the rate of formation of ether-soluble radio- 
activity from “C-clorazepate. 

tassium salts would exist as such a t  a physiological pH. A. H. Chun, Abbott Laboratories, North Chicago, IL 60064, 1974, un- 

I3 “Total drug levels” is the term used for the combined levels of parent 
published data. 

drug and metabolite measured as nordiazepam. 
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Table IV-Mean Total Plasma Drug Levels (Expressed as Nordiazepam) after Oral Administration of 6.5 mg 
of Clorazepate Monopotassium (I) and 7.5 mg of Clorazepate Dipotassium (11) to Dogs (12 Dogs/Compound) 

Plasma Nordiazepama. cra/ml 
Area under 

Curvea . -  
Com- 

pound 0 h r  0.5 h r  1 hr  1.5 hr  2 hr 3 hr 4 hr 6 hr  8 hr 12 hr 24 hr  0-4 hr  0-12 hr 

I 
1.12 1.41 Mean 0 0.23 0.51 0.47 0.34 0.22 0.10 0.05 0.02 0.01 0 

SD r0.21 t0.24 t0.19 t0.13 tO.09 t0.05 r0.03 t0.02 t0.02 t0.43 t0.56 
Range (0.00 (0.24 (0.28 (0.17 (0.07 (0.02 (0.01 (0.01 (O.U. 0.00 0.60 0.71 

-0.69) -1.16) -0.94) -0.58) -0.36) -0.20) -0.10) -0.07) -0.05 -0.01 -2.10 -2.80 
I1 

Mean 0 0.36 0.61 0.50 0.35 0.21 0.11 0.05 0.03 0.01 0 1.26 1.56 
S D  r0.15 i0.14 t0.17 t0.13 rO.09 i0.06 r0.03 k0.02 iO.01 t0.34 k0.53 
Range (0.10 (0.42 (0.25 (0.16 (0.08 (0.02 (0.01 (0.00 (0.00 0.00 0.64 0.68 

-0.62) -0.85) -0.84) -0.60) -0.36) -0.21) -0.11) -0.08) -0.04) -0.00 -1.82 -2.34 

a N o  significant differences were found at the 0.05 level. 

REFERENCES 

(1) K. D. Charalampous, J .  Clin. Pharmacol., 13,114(1973). 
(2) N. P. Plotnikoff, Res. Commun. Chem. Pathol. Pharmacol., 

(3) M. Lehmann, Cah. Med. Lyon, 44,2201(1968). 
(4) J. Wiersum, Curr. Ther. Res., 14,442(1972). 
(5) J. A. F. de Silva, M. A. Schwartz, V. Stefanovic, J. Kaplan, 

(6) J. A. F. de Silva, B. A. Koechlin, and G. Bader, J. Pharm. 

(7) E. C. Schreiber, Ann. Reu. Pharmacol., 10,77(1970). 
(8) I. A. Zingales, J. Chromatogr., 75,55(1973). 

5,128(1973). 

and L. D'Arconte, Anal. Chem., 36.2099(1964). 

Sci., 55,692(1966). 

Hansch Analysis of Interaction of 
Haptens with Benzylpenicilloyl Antibodies 

A. E. BIRD 

(9) M. A. Schwartz, B. A. Koechlin, E. Postma, S. Palmer, and 
G. Krol, J. Pharmacol. Exp. Ther., 149,423(1965). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received January 10, 1975, from the Pharmaceutical Products 

Accepted for publication February 24,1975. 
The authors are grateful to Dr. D. Anderson and Dr. F. Kohn for 

their participation in this study. They also thank Mr. C. B. Estep, 
Mr. W. W. Hunter, and Mr. G. Thomas for their technical assis- 
tance. 

Diuision, Abbott Laboratories, North Chicago, IL 60064 

To whom inquiries should be directed. 

Abstract Hansch analysis is applied to inhibition data obtained 
from the interaction of penicilloic and penilloic acid haptens with 
benzylpenicilloyl specific antibodies. Significant regressions with 
partition coefficient and molar volume parameters indicate the im- 
portance of hydrophobic and steric effects in these interactions. 

Keyphrases Benzylpenicilloyl antibodies-interaction with 
penicilloic and penilloic acid haptens, Hansch analysis of inhibi- 
tion data, hydrophobic and steric effects 0 Penicilloic and penil- 
loic acid haptens-interaction with benzylpenicilloyl specific anti- 
bodies, Hansch analysis of inhibition data 0 Hansch analysis-in- 
teraction of haptens with benzylpenicilloyl antibodies 0 Structure- 
activity relationships-interaction of penicilloic and penilloic acid 
haptens with benzylpenicilloyl specific antibodies 

Munro et al.' studied the cross-reaction with ben- 
zylpenicilloyl specific antibodies of the penicilloic (I) 
and penilloic (11) acids obtained from several penicil- 
lins (111). They determined the extent of this interac- 
tion by measuring the inhibition by the haptens of 
agglutination of sensitized erythrocytes caused by the 
antibodies. 

A. C. Munro, M. G. Chainey, and S. R. Woroniecki, to be published. 

In this paper the data so obtained are subjected to 
Hansch quantitative structure-activity analysis to 
evaluate the role of various physicochemical proper- 
ties of the haptens in their interaction with the anti- 
bodies. Published applications of Hansch analysis to 
hapten antibody interactions appear to be confined 
to a single paper in which Kutter and Hansch (1) 
showed the importance of steric factors in such inter- 
actions. 

EXPERIMENTAL 

The term C in log 1/C in Table I is the molar concentration of 
hapten required to give 50% inhibition of hemagglutination by 
benzylpenicilloyl specific antibodies. 

Hydrophobic effects are modeled by log P ,  where P is the octa- 
nol-water partition coefficient of the parent penicillins in their un- 
ionized form. Values of P are not available for the penilloic or pen- 
icilloic acids, but the variation of P with changes in the side chain 
is expected to be the same for these compounds as for the parent 
penicillins. Log P for penicillin G (benzylpenicillin), cloxacillin, 
methicillin, phenethicillin, penicillin V (phenoxymethyl penicil- 
lin), and propicillin are measured values from Bird and Marshall 
(2). The log P values for ampicillin and carbenicillin are calculated 
from those for penicillin G 73th the appropriate hydrophobic frag- 
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