
IN TRO DUC TION
Par enteral emul sions are used as a ve hi cle of many

drugs, es pe cially those, which are weakly solu ble in the
wa ter. Fat emul sions such as: In tralipid, Li po syn and Li -
po fundin have li po hy dro phylic char ac ter [2,9]. They
en able the trans port of the ac tive, poorly wa ter solu ble in -
gre di ents in the lipid phase. The com po si tions of emul sions 
have been de vel oped con tain ing sub stances such as: an es -
thet ics, tran quil iz ers, anti- inflammatory, anti can cer, li poso- 
lu ble vi ta mins and oth ers like: am pho tericin, ni tro glyc -
erin, phy sostig mine [1,5,6], and many lipo phylic ben zo dia-  
zepines such as: al pra zo lam, clo naze pam, di aze pam, lo -
raze pam, te traze pam [3,4,7,10].

The pos si bil ity of in tro ducing a drug into the cir cu la -
tory sys tem, pro tec tion of the ac tive sub stances from
deg ra da tion pro cesses and quick re lease into the blood –
these are the fac tors which en sure more bioa vail abil ity in
com pari son with the con ven tional wa ter forms. Fur ther -
more, a logi cal con se quence of in tro duc ing a drug to fat
emul sions is to en hance the com fort of pa tients by avoid -
ing the need to con nect the ad di tional veins lines, in crease
the ef fi cacy thanks to the pos si bil ity of main tain ing the
con stant thera peu tic con cen tra tion, in crease the safety of
treat ment and re duce its costs.

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
Emul sion prepa ra tion. Five emul sions (A, B, C, D, E)

with out the ad di tion of iso tonic agents, with dif fer ent de -
grees of com pac tion were pre pared (Tab. 1). Leci thin was
dis solved in 1% so lu tion of phe no bar bi tal in soy bean oil
and hu man al bu min was dis solved in the wa ter. Then, the
oil so lu tion was emul si fied with con tinu ous stir ring in the
wa ter so lu tion of hu man al bu min. The prepa ra tion was
ho moge nized for five min utes by ul tra sounds. Moreo ver,
four con cen trated iso tonic emul sions (Ka, Kb, Kc, Kd) with 
four dif fer ent iso tonic agents (glu cose, so dium chlo ride,
Ringer salt, glyc erin) were pre pared (Tab. 2). Leci thin
was dis solved in 1% oil so lu tion of phe no bar bi tal, al bu -
min and one of the iso tonic agent – in wa ter. The oil phase
was emul si fied with con tinu ous stir ring in wa ter phase.
The fi nal prepa ra tion was ho moge nized for five min utes
by ul tra sounds.
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AB STRACT
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
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Ta ble. 1. Com po si tion of the noni so ton ised emul sions A,B,C,D,E

Emulsion
Pheno-
barbital

(g)

Soybean 
oil
(g)

Lecithin
(g)

Human
albumin

(g)

Water
(g)

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

Ta ble 2. Com po si tion of the con cen trated emul sions Ka, Kb, Kc, Kd

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 phe no bar bi tal re lease. The re lease of phe -
no bar bi tal was ex am ined by di aly sis through the cel lu lose
semiper me able mem brane. The modi fied Franz dif fu sion
cell was used [8]. A por tion of 5 ml of each emul sion was
placed in the 5 glass tubes closed at the bot tom with the
mem brane. The tubes were placed in 100 ml of phos phate
buffer (pH=7.35) and in cu bated at 37°C. At speci fied time 
in ter vals, i.e. af ter 1, 2, 4, 6, 8 h, the 5 sam ples of each
emul sion were taken. In this way the dif fu sion of phe no -
bar bi tal from the buffer so lu tion R (con tain ing 5mg of
phe no bar bi tal in 5ml of so lu tion) to phos phate buffer was
ex am ined as well.

De ter mi na tion of phe no bar bi tal re leased. The ab sor -
bance at λ=240 nm and in the pres ence of phos phate
buffer (pH=7.35) was meas ured in spec tro pho tome ter
Spek tro mom 195 D. The con cen tra tion of phe no bar bi tal
in de ter mined sam ple was read from cali bra tion curve and 

the quan tity of re leased sub stance in 5 ml of emul sion was
cal cu lated.

RESULTS
The re sults of the phe no bar bi tal dif fu sion from buffer

so lu tion (R) and re lease of phe no bar bi tal from emul sions
with the dif fer ent amount of wa ter (A-E) are pre sented in
Ta ble 3.

The re sults of re leas ing phe no bar bi tal from con cen -
trated emul sions with iso tonic agents (Ka-Kd) are pre sented 
in Ta ble 4.

The per cent age cor re la tion be tween the quan tity of re -
leased phe no bar bi tal and the time of di aly sis is showed on
Fig. 1, 2.

DISCUSSION
The data pre sented in Table 3 show that af ter 8 h, from

the noni so ton ised emul sions A, B, C, D, E the fol low ing
amounts of phe no bar bi tal are re leased: 66.2% (A), 42.0%
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Ta ble 3. Dif fu sion of phe no bar bi tal  from the buffer  so lu tion R  and emul sions A,B,C,D,E

Time
(h)

Amount of the released substance
Solution R A B C D E

Mt
%

SD
%

K
%h-0.5

Mt
%

SD
%

K
%h-0.5

Mt
%

SD
%

K
%h-0.5

Mt
%

SD
%

K
%h-0.5

Mt
%

SD
%

K
%h-0.5

Mt
%

SD
%

K
%h-0.5

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 30.2 35.6 7.1 15.1 25.0 9.2 10.2 21.4 5.4 10.2 15.2 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 24.8 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-0.5) 21.4 31.2 15.0 11.2 10.0 6.6

T lag – the re lease lag time; K – the re lease rate con stant; K* – the mean for five meas ure ments

Table 4. Dif fu sion of phe no bar bi tal  from the emul sions Ka, Kb, Kc, Kd

Time
(h)

Amount of the released substance 
Ka Kb Kc Kd

Mt
%

SD
%

K
% h-0.5

Mt
%

SD
%

K
%h-0.5

Mt
%

SD
%

K
%h-0.5

Mt
%

SD
%

K
%h-0.5

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 3.5 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-0.5) 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

Fig. 1. The releasing of phenobarbital from the buffer solution
and emulsions A,B,C,D,E



(B), 27.8% (C), 24.8% (D), 17.8% (E) and they were pro -
por tional to the amount of wa ter in the ex ter nal phase. The 
quan tity of re leased sub stance from emul sion A was
slightly higher than so lu tion R (58.7%).

Table 4 shows that the re lease of phe no bar bi tal from
con cen trated emul sions is as fol lows: 33.2% (Ka – glu -
cose), 47.1% (Kc – Ringer salt), 53.2% (Kd – glyc erin),
63.4% (Kb – so dium chlo ride).

Figure 1, 2 show, that the re leas ing can be based on
sim pli fied Higuchi’s equa tion:

Mt = KH · t1/2 

where:   Mt   – the amount of re leased sub stance af ter the time t, 
KH – the re lease rate con stant. 

The cor re la tion be tween re leased sub stance Mt (%) and 
the square root of re leas ing time √t , pre sented on Figure
1, 2 shows that the re lease is a dif fu sion which starts with
a lag time (Tlag) and at the be gin ning the rate re lease is
higher and then (af ter 2 h) it de creases.

The Tlag (h) val ues can be read from the in ter sec tion of
the line with the axis of √t, and the val ues of con stant K
can be cal cu lated: 

K Mt
t Tlag

h=
−

−(% ).0 5

where: Mt – per cent age amount of re leased sub stance af ter the
time t.

The re sults also show that the de crease of sub stance re -
lease is pro por tional to the de crease of the wa ter amount
in emul sions A-E.

The changes of re leas ing of phe no bar bi tal in the con -
cen trated emul sions de pend on the iso tonic agent. The
ad di tion of so dium chlo ride is the best.

We can con clude, com par ing the re lease from the con -
cen trate E (17.8% of wa ter) and from the con cen trated

emul sions Ka-Kd, that the pres ence of iso tonic agents in
the ex ter nal wa ter phase sig nifi cantly in creases the amount
of re leased sub stance ( about 2-3.5 times).

CONCLUSIONS
1. The re lease of phe no bar bi tal from all ex am ined emul -

sions is a dif fu sion based on sim pli fied Higuchi model.
2. The sub stance re leases with a lag time, at first the rate

re lease is higher and then (af ter 2 hours) the pro cess of
re leas ing de creases.

3. The re leas ing of the sub stance from noni so ton ised
emul sions de creases with the de crease of the wa ter
con tent in the ex ter nal phase.

4. The pres ence of iso tonic agents in con cen trated emul sions
in creases (2-3.5 times) the re leas ing of phe no bar bi tal.

5. The ad di tion of so dium chlo ride has the best in flu ence
on the pro cess of re leas ing.
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Fig. 2. The releasing of phenobarbital from the emulsions
Ka,Kb,Kc,Kd


