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Pharmacokinetic Profiles of Clonazepam in Dog and

Humans and of Flunitrazepam in Dog

S.
J. A.

Abstract 00 Clonazepam appears to be well absorbed, exhibiting
peak blood levels of 6.5-13.5 ng/ml at 1-2 hr after administration
in human subjects receiving 2-mg single oral doses. The “apparent”
half-lives of elimination ranged from 18.7 to 39 hr in the subjects
studied. Less than 0.5% of the dose is recoverable in the urine, sug-
gesting complete biotransformation and/or alternative routes of ex-
cretion. Flunitrazepam in the dog is rapidly eliminated and exhib-
its a “first-pass” metabolism effect following oral administration,
whereby the N-desmethyl metabolite is the major detectable drug
component in the blood. Neither the drug nor its N-desmethyl me-
tabolite is detected in the urine, suggesting extensive and complete
biotransformation.

Keyphrases [0 Clonazepam—blood levels and urinary excretion in
dogs and humans O Flunitrazepam—blood levels and urinary ex-
cretion in dogs O Pharmacokinetic profiles—clonazepam in dogs
and humans, flunitrazepam in dogs

The 7-nitro-1,4-benzodiazepin-2-ones, clonazepam
and flunitrazepam, have shown anticonvulsant prop-
erties in several animal species (1-5). In addition,
clonazepam is clinically effective in controlling minor
motor seizures (petit mal) at minimal effective doses
in the range of 1-2 mg/day orally (6-9). Metabolic

A. KAPLAN*, K. ALEXANDER, M. L. JACK, C. V. PUGLISI,
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and pharmacokinetic studies of clonazepam in the
rat, dog, and humans were previously reported (10).
Flunitrazepam is a clinically effective hypnotic
(11, 12) and an anesthesia induction agent (13, 14).
The present study reports the pharmacokinetic
profile of clonazepam in the dog and humans and of
flunitrazepam in the dog based on the evaluation of
blood level and urinary excretion data determined
using a sensitive and specific electron-capture GLC
assay procedure (15). The assay follows for the mea-
surement of clonazepam following its administration
and of flunitrazepam and N-desmethyl flunitra-
zepam following flunitrazepam administration.
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Table I—Pharmacokinetic Parameters Associated with Physiological Disposition of Clonazepam in the Dog

Route of Administration and Formulation

Intravenous Oral Solid Oral Oral Tablet
Parameters Solution (N onmicronized) Solution (Micronized)
Dose, mg 30 30 30 30
Weight, kg 13.1 13.0 13.0 13.0
Dose, mg/kg 2.3 2.3 2.3 2.3
A, ng/ml 1205 — — —
B, ng/ml 601 — — —
oy -t 30.621 — J— _—
B, hr 1 0.129 0.136 0.149 0.110
Half-life, hr 5.4 5.1 4.7 6.3
C.% ng/ml 1806 — — —
V., volume of central compartment, 16.6 — — —
liters
% V5, % of body weight 127 — — —
(V4)B, total volume of distribution, 29.3 — — —
liters
% V48, % of body weight 224 — — —
k]z, hr ! 7.780 — — —_—
ka1, hr 1 10.283 — — —
Re1, hr—1 0.384 — — —
Area (blood level curve), ng/ml/hr 4672 61 4486 5043
Area ratio, oral/intravenous X 100 — 1.3 96 110

Table II—Blood Level Profile of Clonazepam in Humans following Oral Administration of Single 2-mg Doses

Subject
1 2 3 4 5 6 7 8 9 10
Weight, kg 71.3 77.2 79.5 64.9 81.3 96.3 66.3 83.1 96.8 75.5
Hours Blood Levels, ng/ml
0.5 1.8 0.6 N.M.a 4.3 N.M. 4.0 1.2 5.7 N.M. 1.7
1 10.7 5.7 3.3 8.3 6.2 6.6 11.3 13.5 3.7 6.1
1.5 10.7 13.0 5.9 9.7 6.7 9.0 12.6 13.2 5.4 7.4
2 10.0 11.9 6.8 12.6 6.8 10.9 10.2 9.9 6.5 6.9
4 10.1 7.6 7.3 10.2 8.2 7.2 9.2 6.9 5.6 7.6
6 9.1 9.7 8.2 9.9 7.8 6.5 8.2 7.5 N.S. T NS.T
8 9.6 6.5 8.6 9.4 7.2 5.6 8.6 6.6 4.2 6.6
12 7.7 7.7 6.9 7.1 6.9 4.6 7.3 5.7 4.0 5.5
24 5.8 4.8 4.0 5.4 5.2 3.2 6.4 4.9 3.2 4.4
48 3.3 2.7 2.6 3.7 2.6 1.6 3.1 1.5 N.S.T N.S.T
Percent of dose in 0.2 0.2 0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.3
0-24-hr urine as
intact drug
Area under blood 297 259 229 299 249 181 297 230 162 213
level curves,
ng/ml/hr
Blood peak time, hr 1-1.5 1.5 8 2 4 2 1.5 1 2.0 1.5-4.0
Blood peak con- 10.7 13.0 8.6 12.6 8.2 10.9 12.6 13.5 6.5 7.6
centration, ng/ml
Apparent first-order 0.025 0.030 0.029 0.024 0.026 0.033 0.024 0.037 0.018 0.027
elimination rate
constant, hr—1!
Corresponding 27.7 23.1 23.9 28.9 26.6 21.0 28.9 18.7 39.0 25.9

half-life, hr

2 N.M. = not measurable, <0.5 ng/ml using a 2-ml specimen per analysis. » N.S.T. = no specimen taken. ¢ Calculated using trapezoidal rule.

EXPERIMENTAL

Clonazepam—Clonazepam exhibits pKa values of 1.5 and 10.5.
The pKa of 1.5 corresponds to the removal of the proton of the
protonated nitrogen in the 4-position of the molecule, and the
pKa of 10.5 corresponds to the deprotonation of the nitrogen in
the 1-position. Therefore, the compound would be virtually undis-
sociated throughout the physiological pH range. It exhibits low
aqueous solubility within the physiological pH range, with a max-
imum of 76 ug/ml at pH 2.0 and a minimum of 19 pug/ml at pH
7.4. The permeability characteristics of clonazepam across the ev-
erted rat intestinal sac are consistent with good absorbability
(16). This suggests that once in solution the permeability (absorba-
bility) of clonazepam across the GI mucosa will not be a rate-limit-
ing factor following oral administration of the drug.

Clonazepam in the Dog—Clonazepam was administered to a
dog intravenously and orally, on separate occasions, as a 2.3-mg/
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kg dose in propylene glycol solution. The same dog also received a
2.3-mg/kg dose orally as a solid, administered as the nonmicron-
ized drug, hand packed into gelatin capsules and as the micron-
ized drug formulated into 2-mg tablets. Five-milliliter oxalated
blood specimens were obtained at appropriate time intervals up
to 72 hr postdosing. The total volumes of urine voided were col-
lected at 24-hr intervals from —24 to 72 hr following each admin-
istration. All specimens were stored frozen until analyzed.

The blood level data following intravenous and oral adminis-
trations of clonazepam in a dog are presented in Fig. 1. The phar-
macokinetic profile of clonazepam in the dog is summarized in
Table 1. The recovery of intact drug in the 0-72-hr urine was less
than 0.1% of the administered dose following intravenous admin-
istration and was nonmeasurable following oral administration.
These findings suggest complete biotransformation and/or alter-
native routes of excretion.

Following the intravenous administration of clonazepam, a
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Figure 1—Clonazepam blood level curves in a dog following
intravenous and oral administration of 2.3-mg/kg doses. Key:
®, intravenous solution; A, oral solution; X, oral solid (non-
micronized in gelatin capsule); and O, oral solid (micronized in
tablet formulation).

biexponential blood level curve was observed (Fig. 1). Therefore,
the pharmacokinetic evaluation of clonazepam would require a
minimum of a two-compartment open-system model as previously
described (17).

The first exponential is referred to as the fast disposition rate,
with a rate constant a, and reflects the disposition of the com-
pound from the central compartment into the body tissues. The
second exponential is referred to as the slow disposition rate or
“apparent” elimination rate, with a rate constant 8. Both « and
8 are hybrid first-order rate constants which are each influenced
by all of the individual processes involved in the disposition of the
drug.

Solution of the differential equations for the two-compartment
open-model (Scheme I) yields the following integrated equation
describing the blood level-time curve following intravenous ad-
ministration:

(Cpli = Ae™' + Be™* (Eq. 1)

where (Cp): is the concentration of drug in the blood at time ¢,
and A and B are the ordinate axis intercepts. The individual rate
constants of the model, ky2, k21, and ke, are calculable from «
and B (17).

The pharmacokinetic profile of clonazepam (Table I) indicates
that the initial distribution phase, a value, is rapid. The percent
volume of the central compartment was calculated to be 127% of
body weight, and the corresponding overall percent volume of dis-
tribution was calculated to be 224% of body weight. The drug was

klZ
central compartment, —= | peripheral compartment,
1 k21 2

l kel
elimination and
biotransformation,

3

Scheme [

eliminated at a moderately rapid rate, 8 value of 0.129 hr-1, cor-
responding to a half-life of 5.4 hr.
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Figure 2—Clonazepam blood level curves in humans following
the administration of a single, oral 2-mg dose of the micronized
drug formulated as a tablet.
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Figure 3—Clonazepam blood level curves in humans following
the administration of a single, oral 2-mg dose of the micronized
drug formulated as a tablet.

The blood level curves seen following a single oral dose of the
nonmicronized drug in a gelatin capsule indicated that the ab-
sorption was slow and incomplete, with approximately 1.2% being
absorbed (Fig. 1). A solution of clonazepam was prepared in pro-
pylene glycol and administered orally to circumvent the potential
limitation of absorption by the dissolution rate. The blood levels
showed that clonazepam administered orally in solution was ab-
sorbed rapidly and completely. The data suggest that the absorp-
tion of clonazepam can be dissolution rate limited; however, once
in solution, the permeability of the drug is consistent with good
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Table III—Pharmacokinetic Parameters Associated with
the Physiological Disposition of Flunitrazepam and Its N-
Desmethyl Metabolite in the Dog

Dog 1

Intra-
venous Oral

Dog 2

Intra-
venous Oral

Flunitrazepam Profile

Dose, mg/kg 2 2 2 2
A, pg/ml 1.87 — 0.93 —
B, ug/ml 0.35 — 0.57 —
@, hr—! 17.25 — 32.85 —
B, hr—! 0.97 — 1.78 —
1/25 &(E), min 42 .8 —_ 23.4 —_—
C.9 ug/ml 2.22 — 1.49 —
V,, liters 11.7 — 13.4 —
% V 5, volume central 90 — 134 —
compartment, %
of body weight
% V4, volume of dis- 345 — 242 —
tribution, % of
body weight
Riz, hr 1 9.96 — 13.53 —
ka1, hr—1 3.52 — 16.78 —
ke1, hr—1 473 — 4.32
Area under blood level 0.43 0.03 0.36 —a
curve, ug/ml/hr
N-Desmethyl-Flunitrazepam Profile
Area under blood 4.556 2.37 3.10 1.25
level curve,
ug/ml/hr
Ratio of areas, oral/ — 52 — 40
intravenous X 100
B8, hr—1 0.15 0.17 0.12 0.05
bz, (—0‘293 , hr 4.7 4.1 6.0 13.1
Peak height, ug/ml 1.28 0.33 0.74 0.16
Peak time 5 min 4 hr 10 min 2 hr

@ Flunitrazepam below detectable level.

absorbability. The administration of micronized clonazepam for-
mulated as a 2-mg tablet resulted in blood levels that indicated
that the micronized drug was rapidly and completely absorbed.
Therefore, micronization of clonazepam succeeded in overcoming
the dissolution rate-limiting characteristics of the compound in
the overall absorption of the drug. Such a formulation was used
in the clinical evaluation of the drug in humans.

Clonazepam in Humans—A clinical study was conducted with
10 adult male volunteefs!. Each subject received a single oral
2-mg dose of micronized drug in the form of a tablet formulation
in the morning following an overnight fast. Ten-milliliter oxalated
blood specimens were obtained at 0 hr (control) and at 0.5, 1, 1.5,
2, 4, 6, 8, 12, 24, and 48 hr after administration. The total vol-
umes of urine voided were collected from —24 to 0 hr and from 0
to 24 hr after administration. All specimens were stored frozen
until analyzed.

The blood levels, urinary excretion, and pharmacokinetic pro-
file of clonazepam in humans are summarized in Table II: the
blood level curves are shown in Figs. 2 and 3.

Peak blood levels of clonazepam were seen in eight subjects be-
tween 1 and 2 hr after administration and at 4 and 8 hr in the
other two subjects, respectively. The peak blood levels ranged
from 6.5 to 13 ng/ml, and the apparent elimination rate, 8, of clo-
nazepam ranged from 0.018 to 0.037 hr-!. The corresponding
half-lives of elimination ranged from 18.7 to 39.0 hr, with a mean
of 26.4 hr. Less than 0.5% of the dose was recovered in the urine
as intact drug in the 0-24-hr excretion period, indicating exten-
sive biotransformation and /or alternative routes of excretion.

The pharmacokinetic profile of clonazepam in the dog and in
humans shows that the half-life of clonazepam in the dog is four
to five times shorter than in humans. In addition, both species

1 Conducted at the Deer Lodge Research Unit, Deer Lodge, Mont., under
the supervision of Dr. J. D. Moore.
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Figure 4—Blood level curves of flunitrazepam [I] and its N-desmethyl metabolite [II] in two dogs following the intravenous

and oral administration of 2-mg/kg doses of the drug.

show extensive biotransformation of clonazepam, with less than
0.5% of the dose recovered in the urine as the intact drug. The
data presented herein are consistent with the previously reported
findings (10).

Pharmacokinetics of Flunitrazepam in Dog—Flunitrazepam
exhibits a pKa of 1.8, which would allow the drug to be virtually
unionized in the physiological pH range. The aqueous solubility
decreases with an increase in pH, being 850 ug/ml at pH 1 and 11
wg/ml at pH 5.3. The permeability of the drug across the lumen
of the everted rat intestinal sac (16) was consistent with good ab-
sorbability. Such in vitro parameters suggest a potential for a
dissolution rate-limited absorption. However, once in solution the
drug should transfer readily from the GI tract into the blood-
stream.

In vivo studies were performed in which two dogs, Dogs 1 and 2,
each received a 2-mg/kg single intravenous dose administered in
propylene glycol and a single oral dose of micronized drug admin-
istered in a gelatin capsule 1 week apart. Oxalated blood speci-
mens were obtained at appropriate time intervals up to 72 hr
after administration by each route, and the entire volume of urine
voided was collected at 24-hr intervals from —24 to 72 hr after ad-
ministration.

Following intravenous administration of flunitrazepam in the
two dogs, the biexponential blood level curves (Fig. 4) suggested
that the pharmacokinetic evaluation would require minimally a
two-compartment open-system model (17) as described for clona-
zepam in the dog. The pharmacokinetic parameters of flunitra-
zepam (Table III) show that the fast disposition rate constant, «,
was 17.2 and 32.8 hr—! for Dogs 1 and 2, respectively. These
values correspond to an apparent half-life of 2.4 and 1.3 min, re-
spectively. The slow disposition rate constants, 8, of 0.97 and 1.78
hr-1 correspond to an apparent half-life of 43 and 23 min, respec-
tively. The magnitude of the rate constants « and 8 indicates
that the drug is distributed and eliminated at very rapid rates.

The volume of the central compartment, Vp, was 90 and 134%
of body weight, whereas the total volume of distribution, Vg, was
calculated to be 345 and 242% of body weight in Dogs 1 and 2, re-
spectively, indicating extensive distribution of flunitrazepam in
the dog.

Following the oral administration of the drug, only Dog 1
showed measurable blood levels of the parent drug, which were
both low and erratic. No measurable blood levels of flunitra-
zepam were seen in Dog 2 following oral administration. This

might be attributed to poor absorption, biodegradation in the GI
tract, or rapid metabolism during the first pass of the drug
through the liver. However, following both the intravenous and
oral administrations of flunitrazepam, rapid biotransformation is
evident from the levels of the N-desmethyl metabolite, the only
metabolite detectable by the assay procedure (Table III and Fig.
4).
The areas under the blood level curve of the N-desmethyl fluni-
trazepam following the intravenous and oral administrations of
flunitrazepam in each dog were compared. Their ratios indicate
that at least 40-50% of the administered compound was available
following oral administration but mostly as the N-desmethyl me-
tabolite. Therefore, the lack of measurable parent drug in the
blood after oral administration can probably be attributed to the
GI or first-pass metabolism effect. The comparison of areas for
the metabolite may lead to an underestimation of the extent of
availability of administered drug if absorption is nonlinear due to
the low solubility and slow dissolution rate in the GI tract. How-
ever, more extensive studies will be required to define the oral
drug level profile. No measurable levels of either flunitrazepam or
N-desmethyl-flunitrazepam were seen in the urine of both dogs,
indicating complete and extensive biotransformation and/or al-
ternative routes of excretion. The assay procedure did not allow
for the detection of other possible metabolites.

SUMMARY

The pharmacokinetic profile of clonazepam in the dog indicat-
ed that the drug exhibited a volume of distribution of 224% body
weight and that it was extensively biotransformed and rapidly
eliminated. Less than 1% of the dose was detected in the 0-72-hr
urine as intact drug, indicating complete biotransformation and/
or alternative routes of excretion. The drug was rapidly and com-
pletely absorbed following oral administration.

In humans, a 2-mg single oral dose exhibited peak blood levels
ranging from 6.5 to 13.5 ng/ml at 1-2 hr after administration. The’
apparent half-life of elimination ranged from 18.7 to 39.0 hr. Less
than 0.5% of the dose was recovered in the urine as intact clona-
zepam, again indicating complete biotransformation and/or alter-
native routes of excretion.

The pharmacokinetic profile of flunitrazepam in the dog indi-
cates that this drug exhibited a volume of distribution of approxi-
mately 300% body weight and was also extensively biotrans-
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formed and rapidly eliminated. The virtually instantaneous bio-
transformation of flunitrazepam to its N-desmethyl metabolite,
the major blood component seen following both intravenous and
oral administrations of the drug, suggests a first-pass effect. The
apparent half-life of elimination of the N-desmethyl metabolite
following intravenous administration of flunitrazepam was 4.7
and 6 hr in the two dogs studied. No measurable levels of either
flunitrazepam or N-desmethyl-flunitrazepam were seen in the
urine, indicating extensive and complete biotransformation and
possible alternative routes of excretion.
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Partition Coefficients of Fluorocarbon Aerosol
Propellants in Water, Normal Saline, Cyclohexane,
Chloroform, Human Plasma, and Human Blood

SARFARAZ NIAZI and WIN L. CHIOU*

Abstract O Partition coefficients of the three most commonly used
fluorocarbon propellants (trichloromonofluoromethane, dichloro-
difluoromethane, and dichlorotetrafluoroethane) in water, normal
saline, cyclohexane, chloroform, human plasma, and human
blood were studied over a wide range of propellant concentra-
tions. They were all found to be independent of concentration. No
salting-out effect was seen in normal saline. The partition coeffi-
cients in plasma and blood were much greater than in normal sa-
line. The implications of the results of this study on absorption,
distribution, elimination, and assay of these propellants are dis-
cussed.

Keyphrases O Fluorocarbon aerosol propellants—partition coeffi-
cients in six solvents [0 Aerosol propellants, fluorocarbon—parti-
tion coefficients in six solvents O Partition coefficients—deter-
mined for fluorocarbon aerosol propellants, six solvents O Dichlo-
rodifluoromethane—partition coefficient in six solvents O Dichlo-
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chloromonofluoromethane—partition coefficient in six solvents

Solubilities of many volatile or gaseous anesthetic
compounds in a liquid medium such as blood and
olive oil have been often defined as being equivalent
to their partition coefficients between the liquid
phase and gaseous phase at an equilibrium state.
The importance of this parameter to the absorption,

532 / Journal of Pharmaceutical Sciences

distribution, elimination, and pharmacological activi-
ties of many compounds in humans and animals has
been excellently reviewed (1). Volatile fluorocarbons
such as trichloromonofluoromethane, dichlorodifluo-
romethane, and dichlorotetrafluoroethane have been
widely used as propellants in aerosol products for
cosmetic, pharmaceutical, household, and other pur-
poses. The toxicity of these fluorocarbon propellants
has been a subject of intensive research and contro-
versy in recent years, as was clearly illustrated in an
editorial (2) and a rebuttal (3) to that editorial pub-
lished recently.

After inhalation in human subjects, Paterson et al.
(4) were unable to quantify dichlorodifluoromethane
and dichlorotetrafluoroethane in blood. The fast
elimination from the body and loss to the air from
blood samples due to their high volatility or low sol-
ubility in blood were implicated as possible causes.
More recently, Morgan et al. (5) correlated the ob-
served slower tracheal absorption rates in humans of
dichlorodifluoromethane and dichlorotetrafluoro-
ethane with their lower solubilities in olive oil. Al-
though they also reported the solubilities of four
fluorocarbon propellants at one concentration for





