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Summary

This study attempts to demonstrate that drug transfer from the maternal to the fetal side across the placenta can be controlled
by means of drug modifications. For this we encapsulated a teratogenic drug, chloramphenicol, in liposomes of dehydrated-rehy-
drated type and applied these to an i vitro dual perfusion system i which human placenta was perfused under controlled
conditions. Results were compared with those obtained in similar perfusions performed with a solution of free chloramphenicol
We observed a statistically significant decrease in the transfer from the maternal to the fetal side when the drug was applied in

liposomal form.

Introduction

Most of the widely used drugs are able to pass
across the placenta in vivo (Charles and Larsen,
1984; Sadler, 1990) and carry the risk of teratoge-
nesis, especially if taken during the trimester of
the pregnancy. The only way to exclude such a
possibility completely is to avoid taking drugs
during this period. However, this may place the
health of the mother at risk. The present study
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describes preliminary investigations aimed at de-
veloping an alternative route to administration of
drugs during pregnancy. We looked to see
whether presentation of the drug in a liposome-
encapsulated form would affect its transfer across
the human placenta in an in vitro system.
Liposomes have been widely used as drug de-
livery vehicles (Fendler and Romero, 1977; Gre-
goriadis, 1977; Szoka and Papahadjopoulos, 1981)
and can selectively target their contents to partic-
ular tissues. In the present study, however, the
aim was for the liposomes to prevent, or at least
decrease the transplacental transport of the drug
they carry. A teratogenic antibjotic, chloram-
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phenicol, was encapsulated in the liposomes and
the effect of this formulation on the transplacen-
tal transport of the drug was investigated in the
human placenta placed in a dual n vitro perfu-
sion system.

Materials and Methods

Preparation of liposomes

Liposomes containing chloramphenicol were
prepared by the dehydration-rehydration proce-
dure of Kirby and Gregoriadis (1984). For this,
625 mg of egg phosphatidylcholine (Lipid Prod-
ucts, S. Nutfield, Surrey, U.K.), 3125 mg of
cholesterol (Sigma Chemical Co., Poole, UXK.)
and 3.5 mg of a-tocopherol (Roche Products
Ltd), initially dissolved in chloroform : methanol
(2:1 v/v), were dried by rotary evaporation to
form a thin film round the inside of a 1 1 round-
bottomed flask. Solvent traces were removed by
drying for 30 min under a stream of nitrogen and
the lipid was dispersed by swirling with 50 ml of
distilled water, again in an atmosphere of nitro-
gen. The lipid suspension was then pumped
through a microfluidizer (Microfluidics Corp,
model 110T) at a working pressure of 12500
Ib/inch? to form small unilamellar vesicles
(SUVs). After mixing with 78 ml of chloram-
phenicol solution (2.5 mg/mli) the suspension was
divided equally between seven large (200 X 3.5
mm) glass tubes. The contents of each tube were
shell frozen by swirling in a bath of liquid nitro-
gen. The frozen mixtures were freeze-dried over-
night, in an Edwards EF6 Freeze Drier. at an
operating pressure of 0.08 Torr. Dehydration-re-
hydration vesicles (DRV) were formed by adding
0.6 ml distilled water to each tube, with the aid of
vortexing to give complete suspension of the ma-
terial. The liposomes were resuspended in Earl’s
solution to a volume of 10 ml and added to the
perfusion fluid.

Estimation of the level of drug encapsulated in the
liposomes

Before each placental perfusion, the liposomes
were separated from non-encapsulated chloram-
phenicol by diluting with phosphate-buffered
saline (PBS) (0.14 M NaCl, 3 mM KCl, 10 mM

sodium phosphate, pH 7.4) and washing twice
(12000 X g, 40 mun, Beckman J2-21). Samples
taken from each batch were assayed for their
chloramphenicol content by high-performance
liquid chromatography (HPLC) and the encapsu-
lation efficiency of the liposomes was expressed
as the percent of the initial amount added at the
beginning of the preparation procedure that be-
came encapsulated.

Perfusions

Each placenta, obtained at term immediately
after vaginal delivery, was transported to the lab-
oratory near the delivery room and washed gently
with physiological saline solution at room temper-
ature. A nontraumatized cotyledon was selected
and chorionic artery and vein were cannulated.
The fetal circulation was immediately begun at a
relatively slow flow rate of 3-5 ml/min. The
arterial inflow and venous outflow were checked
and their equivalence was accepted as a confir-
mation of the absence of a gross leak in the
cotyledon. The perfused cotyledon was then
trimmed away from the rest of the placenta and
placed in a perfusion chamber slightly modified
from that used by Schneider et al. (1972). Perfu-
sions were performed under the conditions de-
scribed by those authors. Maternal and fetal flow
rates were maintained between 10-15 and 6-12
ml/min, respectively. Pressures were 50-90 and
80-140 mmHg for the maternal and fetal circula-
tions, respectively. The perfusate consisted of
phosphate-buffered Earl’s solution (pH 7.4) con-
taining 4% dextran (Reomacrodex, Pharmacia,
Mol. Wt 40000) and 2500 U/ml heparin (Liqu-
mine, Hoffmann). After each perfusion the
cotyledon was removed and weighed.

Five perfusions were performed with lipo-
some-encapsulated and six with free chloram-
phenicol. All perfusions were of the open circuit
type 1n which perfusates were not recirculated.

Analysis of chloramphenicol in the perfusates

At the fetal side, perfusates were collected in
separate tubes at 10 min intervals over a total
perfusion time of 60 min. Each sample was anal-
ysed for its chloramphenicol content by HPLC,
using a procedure adapted from that of Sample



et al. (1979). Thus 4 ml of chloroform :isopro-
panol (50:50, v:v) containing 7.5 mg sulphameth-
azine was added to 1 ml of the perfusate. After
vortexing for 30 s it was centrifuged at 3000 X g
for 10 min. The organic phase was collected and
the solvent was completely evaporated under a
stream of nitrogen. After addition of 500 ul of
methanol and filtering, a volume of 12 uxl was
injected into the HPLC column. The instrument
was Waters (Model ALC205) HPLC equipped
with a UV detector set at 278 nm. The uBonda-
pak C,4 column (8 mm i.d. X 10 cm, 10 um parti-
cle size) was eluted with acetonitrile : acetic
acid : water (19.5:10:79.5, by vol.) at 3 ml/min.

Determunation of transferred chloramphenicol

Chloramphenicol transfer from the maternal
to the fetal side was determined by using the
following equation:

[(CFV - CFA)/(CMA - CFA)] %
w

%T =

Or

X 100 (1)

315

where %T is the percent of the initial chloram-
phenicol present in the maternal pool at the
beginning of a time point that appeared in the
fetal side per g weight of the cotyledon, Cgy, Cgpa
and C,;, denote the concentration of chloram-
phenicol in fetal venous outflow, fetal arterial
inflow (zero in open circuit type perfusions) and
maternal arterial inflow, respectively, Qp ‘is the
fetal / maternal ratio of flow rates and W repre-
sents the weight of cotyledon in 9.

Results

Five open circuit type perfusions were per-
formed with liposome-encapsulated chloram-
phenicol. Prior to each perfusion, the encapsula-
tion efficiency (expressed as the fraction of total
drug that became entrapped) of the liposomes
was calculated. This gave a mean value of 25.4 +
3.2%. Throughout the 60 min perfusion period,
perfusates at the fetal side were collected at 10
min HPLC. Values for percent transfer of drug,
were calculated by substituting these concentra-
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Fig 1 Transfer of chloramphenicol from the maternal to the fetal side in five perfusions performed with liposome-encapsulated
(©) and six perfusions with free (O) drug. Solid lines are simple curve fits. Values at each time point are expressed as percent of
the 1n1tial amount added into the maternal pool that passed to the fetal side per g weight of each cotyledon
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tions into Eqn 1. In Fig. 1, the results of these
five perfusions are presented together with those
of six similar perfusions performed with free
(non-encapsulated) drug at an initial concentra-
tion of 100 pwg/ml. Fig. 1 shows that chloram-
phenicol transfer to the fetal side is higher when
it is given in free form than when liposome-en-
capsulated. It can also be seen in Fig. 1 that the
rate of transfer of free drug is maintained
throughout the first 50 min of perfusion, whereas
drug transfer decreased throughout this period,
when presented in an encapsulated form.

The mean total (%) transfer of chiorampheni-
col was defined as the proportion of the total
drug in the maternal circulation at zero time, that
subsequently appeared in the fetal circulation
after 60 min. When liposome-encapsulated drug
was used, this gave a value of 0.166 + 0.07%,
compared to 1.044 + 0.13% when drug was given
in a free form. This means that approx. 6-times
less drug was transferred to the fetal side when
presented in a microencapsulated form. Statisti-
cal analyses (¢-test) revealed that transfer of drug
presented in encapsulated form is significantly
lower than that of free drug (+=13.6 at p<
0.0001).

Discussion

The dual in vitro perfusion system was se-
lected as the most suitable method for this study,
since it is being used by several others and is
claimed as a system which eliminates the safety
and ethical considerations, while avoiding un-
wanted effects of maternal and fetal metabolism
(Schneider et al., 1972, 1981; Fortunato et al.,
1988). The perfusion time was limited to 60 min
because of the possibility of degeneration of pla-
cental tissue (Hearse, 1985; Kaufmann, 1985).

Chloramphenicol is an antibiotic which is
known to be capable of producing pronounced
teratogenic effects, especially on the fetal liver,
and can cause a condition known as the ‘gray
baby syndrome’ (Keller, 1984). Our results re-
vealed a statistically significant decrease in trans-
fer of chloramphenicol from the maternal to the
fetal side, when the drug was presented in a

liposome-encapsulated form, as compared to drug
in free form. This would be expected to translate
to a decreased toxicity of the drug to the fetus.

It should be borne 1in mind that chlorampheni-
col was studied here as a model drug, and any
benefit would be expected to apply also to other
drug systems. It will of course be necessary to
confirm that the encapsulated drug has the same
efficiency towards the mother, as the free drug
would have had. However, many studies have
.demonstrated improved therapeutic benefits of
drugs delivered in this way (Gregoriadis, 1984).

It is very likely that liposomes are acting here
as slow release depots, and so the amount of the
free (released) drug in a given period of time 1s
kept low. Therefore, the amount of the drug
crossing the placenta during the same period is
also low. These results suggest that presenting
the drug in a microencapsulated form can control
the amount crossing the placenta, and thus en-
able therapy of the mother during pregnancy,
with substantially reduced risk to the unborn
baby.
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