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SUMMARY

Rectal absorption of diazepam was studied in man and compared with intravenous,
intramuscular and oral administration. Plasma concentrations of diazepam were measured
by means of HPLC analysis after a single dose of 10 mg diazepam in a cross-over study
in 9 healthy volunteers.

Plasma concentration—time curves following intravenous administration were
described by a tri-exponential function consistent with a three-compartraent model
system. It was calculated that the drug will not exhibit measurable first pass metabolism.

Comparing the absorption rate constants it appeared that rectai absorption of a solu-
tion of diazepam proceeded significantly (/ < 0.05) more rapidly than absorption after
oral and intramuscular administration. Absorption from a macrogol suppository dosage
form was rather slow.

The mechanism of the rapid rectal absorption of dizazepam from the solute state was
discussed. No essential difference in bioavailability was observed between the intramuscu-
lar injection, rectal solution and tablets as compared with the intravenous injection. Only
for the suppository dosage form was bioavailability calculated to be significantly lower.

INTRODUCTION

The clinical importance of diazepam as an effective anticonvulsant, muscle relaxant,
anti-anxiety, sedative and hypnotic drug has led to numerous studies concerning
pharmacokinetics and biopharmaceutics in man (Mandelli et al., 1978). Although no
simple correlation seems to exist between clinical response and steady-state plasma levels
of diazepam (Garattini et al., 1973; Bond et al., 1977; Tansella et al., 1978) many studies
did show a correlation between the rate of sedation and the rate of increase of plasma
diazepam concentrations (Baird and Hailey, 1972; Bliding, 1974; Kortilla and Linnoila,
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1975). If a rapid therapeutic effect is required in a single dose situation (for instance
acute convulsive attack phenomena) it is obvious that a rapid absorption from the dosage
form used is essential. In this respect it was recently shown in experiments with adult
patients that maximal serum concentrations following rectal administration of a solution
of diazepam were reached within approximately half an hour (Magnussen et a!., 1979).
Also rectal administration of a solution of diazepam to children was fouad to be an
alternative route for the acute treatment of convulsive attacks (Agurell et al., 1975;
Knudsen, 1977; Langslet et al., 1978; Meberg, et al., 1978; Dulac et al., 1978). However,
in none of these studies was the absorption rate of diazepam after rectal dosing accurate.y
characterized and statistically evaluated. In addition, no data were available on pharmaco-
kinetics after rectal administration of diazepam in healthy subjects. Human studies were
therefore planned to investigate rectal absorption of diazepam. To establish differences in

rate and extent of absorption a comparison was made with the oral, intramuscular and
intravenous route of administration. ’

MATERIALS AND METHODS

Dosage forms

Commercially available diazepam, obtained from Dumex, Copenhagen, Denmark,
was used in this study (Stesolid for injection, Stesolid rectal tubes, Stesolid suppositories,
Stesolid tablets). All dosage forms contained 10 mg of diazepam.

Human experiments

Nine healthy human subjects, 3 female and 6 male, ranging in age from 18 to 25 years
and in body weight from 58 to 70 kg, participated in the cross-over studies at 2-week
intervals.

No drugs were taken for two weeks prior to or during the study. The experiments were
initiated in the morning after an overnight fast and the volunteers did not take in any
food during the first 4 hours of the experiments. They were asked to remain in a sitting
position. Diazepam was injected intravenously during 2 min into 9 volunteers. Diazepam
was injected intramuscularly into the vastus medialis muscle of the thigh during 2 min
into 6 volunteers. The oral dosage form was administered to 7 volunteers. Diazepam (dis-
solved in 2.5 ml solvent) was administered rectally as micro-enemas into 9 volunteers.
Suppositories (1.6 g) were administered to 9 volunteers.

Bloodsamples of 8 ml were taken from a forearm vein by means of an intermittent
infusion set with reseal injection site (Abbot Butterfly-19, int.) and a three-way stopcock
(Pharmaseal K-75a Luer). In the cases of the intravenous injection and rectal micro-
enema, bloodsamples were taken 2.5, 5.0, 7.5, 10, 15, 20, 30, 45 and 60 min, 2, 3,4, 6,
8, 12 and 24 h after administration. In the cases of the intramuscular injection, oral
administration and rectal administration of the suppository, bloodsamples were taken 3,
15, 30, 45 and 60 min, 2, 3,4, 6, 8, 12 and 24 h after administration of the dosage forms.
Blood was placed in test tubes containing heparin and plasma was obtained by centrifuga-
tion. Plasma was frozen until the time of analysis.
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Determination of diazepam and desmethyldiazepam in plasma
Diazepam and N-desmethyldiazepam concentrations in plasma were estimated by high-
pressure liquid chromatography as described by Westenberg and De Zeeuw (1976).

Pharmacokinetic analysis and calculations

The absorption rate constant (K,) was obtained using a non-linear regression analysis -
of log plasma concentrations vs time (NONLIN). Besides, the absorption was character-
ized by the peak concentration (Cpax) and the peak concentration time (tpyay). The area
under the plasma concentration curve (AUC) from t =0 to t =24 h was determined by
the trapezoidal rule. Relative bioavailability was determined using the partial areas under
the curve (0—24 h) according to the equation:

Fy = AUCqute of administration X Doseintravenous
re

AUG¢ravenous Doseroute of administration

The parameters were determined for each individual and statistical differences were tested
by Student’s z-test (P < 0.05, one-sided) for paired data.

RESULTS AND DISCUSSION
Intravenous administration

Plasma concentration—time data following a slow intravenous injection during 2 min
of 10 mg diazepam to 9 subjects were obtained (Table 1). It should be noted that
administration of single doses of diazepam did not result in significant amounts of the
active metabolite N-desmethyldiazepam in plasma (<50 ng/ml). Therefore plasma concen-
trations of this metabolite were disregarded.

Semi-logarithmic plots of diazepam plasma concentration—time data could satisfac-
torily be fitted with a tri-exponential function for all 9 subjects. The mean pharmaco-
kinetic parameters are listed in Table 2.

After an extremely rapid initial distribution phase (t = 8.5 min) and a second phase
(ty,2 = 78 min) a slow elimination phase was observed with a mean terminal half-life of
19.7 h. Since only very small amounts of free diazepam are recovered intact in urine and
bile (Kaplan et al., 1973) it is assumed that the drug was completely metabolized: fp, =
1.00 (fyy is the fraction of the dose metabolized).

The ratio of drug concentration in blood to plasma (A) was reported to be 0.59 for
diazepam (Klotz et al., 1976). The following equation was used to estimate the mean liver
extraction ratio:

= fm 'C] . l/h
HBF

E

where HBF is the hepatic blood flow rate (taken as 1.5 1/min). Cl is the mean total plasma
clearance estimated as:
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TABLE 2

MEAN (:S.D.) PHARMACOKINETIC PARAMETERS OF DIAZEPAM AFTER INTRAVENOUS
ADMINISTRATION OF DIAZEPAM TO 9 HEALTHY VOLUNTEERS, ACCORDING TO A 3-COM-
PARTMENT OPEN MODEL WITH ELIMINATION FROM THE CENTRAL COMPARTMENT. THE
VALUES, GIVEN IN PARENTHESES, ARE THE COEFFICIENTS OF VARIATION (%)

Dose 10.0 mg diazepam intravenously
Number 9
Age (ycars) 21 + 4 19.0)
Weight (kg) 67 + 14 (20.9)
A (ng/ml) 299 + 38 azLn
a(h™) 485 + 0.71 (14.6)
B (ng/ml) 304 +37 (12.2)
g(m™) 0.53 + 0.12 (22.6)
C (ng/ml) 175 + 34 (19.4)
v 0.035 + 0.007 (20.0)
ty2 (@) (h) 0.24 =+ 0.039 (27.8)
ty2 B) (h) 1.3 + 0.17 (13.1)
ty2 (v} (h) 19.7 =+ 6.8 (34.5)
Clyot (ml/min) 294 : 8 27.2)
Dose

= in~1

Cl A-a"+B-ﬂ"+C'7"(ml'mm )

It can be calculated that the mean per cent liver extraction was maximally 0.033 indicat-
ing that the drug will not exhibit measurable first-pass liver metabolism. This was con-
firmed by the bioavailability studies following oral and rectal administration.

Oral administration

Seven subjects of the group of volunteers participated in this study. Plasma concentra-
tion—time data of diazepam following oral administration of 10 mg were obtained (Table
1).

Diazepam was rapidly absorbec: irom the tablets: the mean peak plasma concentration
(Cmax) Of 383 ng/ml was reached within 60 min. However, as can be observed from
Table 3, there was a considerable variation in the individual absorption rate constants.
This is in agreement with results of Garattini et al. (1973) and Gamble et al. (1973)
reporting an interindividual variability in plasma diazepam concentrations up to 30-fold
after a single oral dose of 15 mg.

Using the arca under the plasma level curve as an index of the extent of absorption it
can be concluded that absorption was essentially complete 24 h after oral administration
(Table 1). As discussed earlier, no measurable first-pass effect can be expected. The mean
overall elimination rate constant after oral administration was 0.036 h™! (Table 3), which
corresponds well with the value obtained following intravenous administration of the
drug under study (Table 1).
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Intramuscular administration

Six subjects of the group of volunteers participated in this study. Plasma concentra-
tion—time data of diazepam following a slow intramuscular injection during 2 min of 10
mg of diazepam in the vastus medialis muscle of the thigh were obtained (Table 1).
Absorption from the intramuscular site was rather slow: the mean peak level of 375 ng/
ml was reached after 95 min. However, no significant (P < 0.05) difference in absorption
rate constants was calculated between the oral and intramuscular route of administration.
In addition the variation coefficient was observed to be lower for the intramuscular route
(Table 3). Bioavailability after this route was found to be essentially complete. Conflict-
ing data concerning diazepam kinetics following intramuscular administration of the drug
have been reported. Sedative effect and rate of absorption after intramuscular injection
were reported to be superior to oral administration (Kortilla and Linnola, 1975; Baird
and Hailey, 1973). On the other hand, most studies concluded the opposite in case of
diazepam (McCaughey and Dundee, 1972; Hillestad et al., 1974; Mandelli, 1978; Bank-
Mikkelsen et al., 1978).

The discrepancies in these studies are probably related to the variation in injection site
and injection technique used (Gamble et al., 1975). It is important to mention that
although rate and extent of absorption might be similar when comparing oral and intra-
muscular administration of diazepam, 5 out of 6 volunteers reported pain at the diazepam
injection site.

Rectal administration

Micro-enemas

Plasma concentration—time data following rectal administration of a solution (2.5 ml)
of 10 mg diazepam to 9 subjects were obtained (Table 1). Diazepam was very rapidly
absorbed from the rectum lumen: the mean peak plasma concentration of 369 ng/ml
was reached after 17 min. Comparing the absorption constants, it appeared that absorp-
tion proceeds significantly (P <0.05) more rapidly with this administration than after
oral and intramuscular administration (Table 3). No significant (P <0.05) difference in
the elimination rate constant was observed after the rectal and intravenous routes of
administration. Since the AUC, 54 was essentially the same for both routes of administra-
tion it is clear that the bioavailability after administration of the rectal solution is com-
plete. Our results are in contrast with a rectal study of Magnussen et al. (1979) who
found incomplete bioavailability (50 + 17%).

These authors suggested that adsorption of diazepam to fecal matter, or rectal loss of
the dosage form might account for this incomplete absorption. Another possibility sug-
gested by the authors was that incomplete bioavailability was possibly due to the fact
that the experiments were done in patients, who received ergot alkaloids rectally for a
long period of time preceding to the diazepam administration.

Although it is generally assumed that the applicability of rectal solutions is limited due
to the irritating character of the solvent, it is of importance to note that no discomfort
was reported by any of the volunteers. This is probably related to the small volume (2.5
ml) used. In experiments done with a larger volume (up to 10 ml) the solvent was found
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to be somewhat more irritating for the volunteers (Moolenaar et al., 1980).

The mechanism of the rapid rectal absorption of diazepam from the solute state has
been uncertain until now. It is obvious that the solvent used favours the driving force for
absorption, due to complete dissolution of diazepam. In this respect it can be mentioned
that an aquecus suspension of diazepam in 10 ml of water did not give rise to significant
amounts of diazepam in plasma. On the other hand, it might be possible that the
permeability of the epithelial cells of the rectal mucosa is increased or rectal blood supply
is improved, due to components of the solvent used, such as alcohol and propyleneglycol.
Further studies have been initiated to test this hypothesis.

Suppositories

Plasma concentration—time data following rectal administration of macrogol sup-
positories containing 10 mg of diazepam to 9 subjects were obtained (Table 1). Compar-
ing the rectal solution and the suppository dosage forms, it appeared that absorption
from the suppository was rather slow: the mean peak level of 272 ng/ml was reached only
after 82 min. The mean Cg,,, value was significantly (P<0.05) lower than after
administration of the other dosage forms. These results are in good agreement with the
rectal study of Kortilla et al. (1976) using polyethyleneglycol suppositories with diazepam:
in this study t;,, was 90 min and Cp,,, was 245 ng/ml. Comparing the absorption rate
constant it appeared that absorption proceeded significantly (P < 0.05) slower via this
administration than after administration of the micro-enema and the tablet. However,
no significant (P <0.05) difference in absorption rate constant was found comparing
the intramuscular injection and the suppository dosage form. Bioavailability 24 h after
administration was rather complete (84%). Yet this value was calculated to be signifi-
cantly (P < 0.05) lower compared with the other dosage forms.

These experiments confirm the conclusion of others {Schwartz et al., 1966; Arnold,
1975; Agurell et al., 1975; Knudsen, 1977) that absorption of diazepam from supposi-
tories can not be considered as an optimal method to ensure a rapid therapeutic action.

THERAPEUTIC CONSIDERATIONS

If diazepam is to be administered for anticonvulsive purposes, absorption rate may be
of great importance. Although intravenous administration of diazepam is the most rapid
way to suppress convulsions, other routes of administration may be valuable when intra-
venous administration is inconvenient, for instance, because of the development of
thrombophlebitis (in our study 3 of the 9 adult volunteers), or because of technical
difficulties (status epilepticus), or can not be realized within a short period of time
(dependent on doctor’s arrival). The mean plasma concentration data of diazepam follow-
ing 2 h after administration of the various dosage forms were plotted in Fig. 1.

As discussed earlier, no simple correlation exists between clinical response and plasma
levels of diazepam. Yet our results may indicate that only for the micro-enema absorption
of diazepam is absorption sufficiently rapid to be an alternative route of administration
in case of acute convulsive attack phenomena, as compared with intravenous administra-
tion. In this respect it should be considered that, in view of anticonvulsant plasma levels

of 400—500 ng/ml (Mandelli et al., 1978), a dose of 20 mg diazepam may be required for
adult patients.
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Fig. 1. Mean plasma concentrations of diazepam on linear scale after single intravenous, intramuscular,

oral and rectal administration of 10 mg diazepam in different dosage forms, to healthy human sub-
jects.

Although absorption after oral and intramuscular administration may be complete,
the rate of uptake cannot compete with that of application of the rectal solution of
diazepam. In this respect it is important to emphasize that suppositories do not provide
an optimal dosage form for rectal administration of diazepam in single-dose treatment.

CONCLUSIONS

From intravenous data it is concluded that a 3-compartment model is necessary to
describe the pharmacokinetic pattern of diazepam in man. Our measurements of the
mean per cent liver extraction indicate that no distinct first-pass metabolism of diazepam
will occur. After oral administration of diazepam in tablet form, absorption is rather fast
and complete. However, a considerable variation in the individual absorption rate con-
stants can be expected. After intramuscular administration of diazepam in solution form,
absorption is rather slow. However, no difference in bioavailability occurs, as compared
with intravenous administration.

After rectal administration of diazepam in solution form, absorption is extremely
rapid. Absorption proceeds significantly (P <0.05) more rapidly than after oral and
intramuscular administration of diazepam. Bioavailability after administration of the
rectal solution is essentially complete. For the suppository dosage form, absorption is
rather slow and incomplete 24 h after administration.

From a therapeutic view-point it is concluded that in single-dose therapy with diaze-
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pam, if a rapid therapeutic effect is required, only recial administration of diazepam in
solution form may be looked upon as an alternative route of administration for routine
medication.
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