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The release of phenobarbital from parenteral emulsions
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ABSTRACT

Five nonisotonised emulsions with different degree of compaction containing 1% solution of phenobarbital in soybean oil, lecithin,
human albumin and four concentrated emulsions with the same composition containing the addition of isotonic agents such as:
glucose, sodium chloride, Ringer salt, glycerin were prepared. The release of phenobarbital was examined by dialysis through the
semipermeable membrane using the modified Franz diffusion cell. The studies show that the release is a diffuse. Phenobarbital
releases with a lag time and the process is biphasic; first faster, in the second stage slower. The release of phenobarbital depends on
the amount of external phase (water) in nonisotonised emulsions and on the kind of using isotonic agent in concentrated

emulsions.
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INTRODUCTION

Parenteral emulsions are used as a vehicle of many
drugs, especially those, which are weakly soluble in the
water. Fat emulsions such as: Intralipid, Liposyn and Li-
pofundin have lipohydrophylic character [2,9]. They
enable the transport of the active, poorly watersoluble in-
gredients in the lipid phase. The compositions of emulsions
have been developed containing substances such as: anes-
thetics, tranquilizers, anti-inflammatory, anticancer, liposo-
luble vitamins and others like: amphotericin, nitroglyc-
erin, physostigmine [1,5,6], and many lipophylic benzodia-
zepines such as: alprazolam, clonazepam, diazepam, lo-
razepam, tetrazepam [3,4,7,10].

The possibility of introducing a drug into the circula-
tory system, protection of the active substances from
degradation processes and quick release into the blood —
these are the factors which ensure more bioavailability in
comparison with the conventional water forms. Further-
more, a logical consequence of introducing a drug to fat
emulsions is to enhance the comfort of patients by avoid-
ing the need to connect the additional veins lines, increase
the efficacy thanks to the possibility of maintaining the
constant therapeutic concentration, increase the safety of
treatment and reduce its costs.
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The current state of knowledge about using the
parenteral emulsions as a vehicle of phenobarbital is poor.
That is why, the aim of the study was to investigate the
release of phenobarbital from the nonisotonised emul-
sions with different degrees of compaction, depending on
the volume of water used and from the concentrated
isotonic emulsions. These studies were to answer the
question whether the quantity of the released substance
depends on the water content in the emulsion and what is
the influence of isotonic substances on release parameters.

MATERIALS AND METHODS

Emulsion preparation. Five emulsions (A, B, C, D, E)
without the addition of isotonic agents, with different de-
grees of compaction were prepared (Tab. 1). Lecithin was
dissolved in 1% solution of phenobarbital in soybean oil
and human albumin was dissolved in the water. Then, the
oil solution was emulsified with continuous stirring in the
water solution of human albumin. The preparation was
homogenized for five minutes by ultrasounds. Moreover,
four concentrated isotonic emulsions (K,, Ky, K¢, Kg) with
four different isotonic agents (glucose, sodium chloride,
Ringer salt, glycerin) were prepared (Tab. 2). Lecithin
was dissolved in 1% oil solution of phenobarbital, albu-
min and one of the isotonic agent — in water. The oil phase
was emulsified with continuous stirring in water phase.
The final preparation was homogenized for five minutes
by ultrasounds.
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Table. 1. Composition of the nonisotonised emulsions A,B,C,D,E

Emulsion Egrebr}fal Sc’y(?i(lean Lecithin ;g:’\nf; Water
(@ (@ @ (@ @

A 0.10 9.90 1.20 2.50 86.30

B 0.10 9.90 1.20 2.50 64.95

C 0.10 9.90 1.20 2.50 43.60

D 0.10 9.90 1.20 2.50 22.25

E 0.10 9.90 1.20 2.50 9.44

Table 2. Composition of the concentrated emulsions K, Ky, K, Ka

Emulsion Ka Kb Kc Kd
Phenobarbital (g) 0.100 0.100 0.100 0.100
Soybean oil (g) 9.900 9.900 9.900 9.900
Lecithin (g) 1.200 1.200 1.200 1.200
Human albumin (g) 2.500 2.500 2.500 2.500
Glucose (g) 4.315
Sodium chloride (g) 0.777
Ringer’s salt (g) 0.770
Glyceride (g) 2.158
Water (g) 5.125 8.663 8.663 7.283

The study of phenobarbital release. The release of phe-
nobarbital was examined by dialysis through the cellulose
semipermeable membrane. The modified Franz diffusion
cell was used [8]. A portion of 5 ml of each emulsion was
placed in the 5 glass tubes closed at the bottom with the
membrane. The tubes were placed in 100 ml of phosphate
buffer (pH=7.35) and incubated at 37°C. At specified time
intervals, i.e. after 1, 2, 4, 6, 8 h, the 5 samples of each
emulsion were taken. In this way the diffusion of pheno-
barbital from the buffer solution R (containing 5mg of
phenobarbital in 5ml of solution) to phosphate buffer was
examined as well.

Determination of phenobarbital released. The absor-
bance at A=240 nm and in the presence of phosphate
buffer (pH=7.35) was measured in spectrophotometer
Spektromom 195 D. The concentration of phenobarbital
in determined sample was read from calibration curve and

the quantity of released substance in 5 ml of emulsion was
calculated.

RESULTS

The results of the phenobarbital diffusion from buffer
solution (R) and release of phenobarbital from emulsions
with the different amount of water (A-E) are presented in
Table 3.

The results of releasing phenobarbital from concen-
trated emulsions with isotonic agents (K,-Kg) are presented
in Table 4.

The percentage correlation between the quantity of re-
leased phenobarbital and the time of dialysis is showed on
Fig. 1, 2.
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Fig. 1. The releasing of phenobarbital from the buffer solution
and emulsions A,B,C,D,E

DISCUSSION

The data presented in Table 3 show that after 8 h, from
the nonisotonised emulsions A, B, C, D, E the following
amounts of phenobarbital are released: 66.2% (A), 42.0%

Table 3. Diffusion of phenobarbital from the buffer solution R and emulsions A,B,C,D,E

Amount of the released substance
T(irr‘ge Solution R A B C D E
zﬁot E/? %hlso-5 "\)//IJ ?)/E,) %hK‘°-5 '(\)2 %/E,) %hlso-5 "\’2 SO/E,) %hlso-5 ’(\;ﬂ; SO/? %hlso-5 ’(\;ﬂ; E/E’ %h}so-5
1 20.0 7.2 20.0 15.4 8.1 30.2 13.2 5.4 14.5 11.6 7.0 11.7 5.6 6.2 8.8 3.2 4.8 2.7
2 32.4 3.2 23.0 38.0 7.8 | 41.3 20.2 6.8 15.3 18.2 6.8 13.0 10.8 3.4 10.3 7.8 4.9 6.9
4 44.4 4.5 22.2 43.0 10.2 28.5 28.0 3.9 14.7 22.6 6.9 11.4 17.4 7.8 10.6 12.2 2.7 8.1
6 51.8 | 2.7 | 21.1 | 59.2 7.4 302|356 | 7.1 | 151 | 25,0 | 9.2 | 10.2 | 21.4 | 5.4 | 10.2 | 152 | 5.2 7.8
8 58.7 3.5 20.7 66.2 6.2 28.3 | 42.0 6.4 15.3 27.8 8.0 9.9 | 248 3.8 10.0 17.8 3.3 7.6
T lag (h) 0 0.49 0.09 0.01 0.36 0.49
K*(%h°-%) 21.4 31.2 15.0 11.2 10.0 6.6
T lag - the release lag time; K - the release rate constant; K* — the mean for five measurements
Table 4. Diffusion of phenobarbital from the emulsions Ka, Kb, K¢, Kd
Amount of the released substance
Time Ka Kb Kc Kd
(h) Mt sb K Mt sD K Mt sD K Mt sD K
% % % h0° % % %h0-° % % %h -5 % % %h™0-°
1 9.4 4.5 14.7 14.8 5.2 23.1 12.3 3.6 19.2 16.0 5.2 25.0
2 20.7 3.1 19.7 30.4 4.2 28.6 23.5 3.0 22.4 29.6 2.8 28.2
4 26.3 2.8 16.0 41.2 7.0 25.1 33.0 35 20.1 39.2 2.9 23.9
6 29.3 4.1 14.0 54.7 3.2 26.2 42.1 3.1 20.1 47.6 3.4 23.2
8 33.2 2.8 13.4 63.4 3.1 25.7 47.1 3.5 19.1 53.2 3.6 21.5
T lag (h) 0.36 0.36 0.36 0.36
K*(%h -9 15.6 25.7 20.2 24.4

T lag —the release lag time; K - the release rate constant; K* — the mean for five measurements
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Fig. 2. The releasing of phenobarbital from the emulsions
Ka,Kb,Kc,Kd

(B), 27.8% (C), 24.8% (D), 17.8% (E) and they were pro-
portional to the amount of water in the external phase. The
quantity of released substance from emulsion A was
slightly higher than solution R (58.7%).

Table 4 shows that the release of phenobarbital from
concentrated emulsions is as follows: 33.2% (K, — glu-
cose), 47.1% (K. — Ringer salt), 53.2% (Kq — glycerin),
63.4% (K, — sodium chloride).

Figure 1, 2 show, that the releasing can be based on
simplified Higuchi’s equation:

M, = K, - {2
where: M, —the amount of released substance after the timet,
Ky — the release rate constant.

The correlation between released substance M; (%) and
the square root of releasing time 't , presented on Figure
1, 2 shows that the release is a diffusion which starts with
a lag time (Tiag) and at the beginning the rate release is
higher and then (after 2 h) it decreases.

The Ty (n) values can be read from the intersection of
the line with the axis of \t, and the values of constant K
can be calculated:

K= ML (gpn05)

Vt—+Tlag

where: M; — percentage amount of released substance after the
time t.

The results also show that the decrease of substance re-
lease is proportional to the decrease of the water amount
in emulsions A-E.

The changes of releasing of phenobarbital in the con-
centrated emulsions depend on the isotonic agent. The
addition of sodium chloride is the best.

We can conclude, comparing the release from the con-
centrate E (17.8% of water) and from the concentrated
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emulsions K,-Kg, that the presence of isotonic agents in
the external water phase significantly increases the amount
of released substance ( about 2-3.5 times).

CONCLUSIONS

1. The release of phenobarbital from all examined emul-
sions is a diffusion based on simplified Higuchi model.

2. The substance releases with a lag time, at first the rate
release is higher and then (after 2 hours) the process of
releasing decreases.

3. The releasing of the substance from nonisotonised
emulsions decreases with the decrease of the water
content in the external phase.

4. The presence of isotonic agents in concentrated emulsions
increases (2-3.5 times) the releasing of phenobarbital.

5. The addition of sodium chloride has the best influence
on the process of releasing.
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