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1 The influence of protein-calorie malnutrition (PCM) on the pharmacokinetics, transplacental
passage and tissue localization of dexamethasone was determined in Sprague-Dawley rats.

2 PCM increased the plasma half-life and volume of distribution of dexamethasone in pregnant but
not in nonpregnant rats.

3 Ratios of foetal to maternal serum dexamethasone concentrations were 0.2-0.4 at different dose
levels (0.8-20 umol kg 1), time intervals (0.25-12h) and gestational ages (day 14-21).

4 PCM increased the foetal serum and tissue concentrations of dexamethasone but exerted no
significant effect on its binding to maternal and foetal serum proteins or on its metabolism by the
placenta.

5 It is suggested that significantly lower foetal than maternal serum levels of dexamethasone are
due to efficient elimination of this agent by the foeto-placental unit and an impairment of this
mechanism may account for the observed increase in dexamethasone levels in the foetuses of PCM

rats.

Introduction

Glucocorticoids are an important group of drugs with
therapeutic indications ranging from minor skin dis-
eases to life-threatening situations. The likelihood of
ingestion of these agents by pregnant women includ-
ing those suffering from protein-calorie malnutrition
(PCM) is quite high. Glucocorticoids are teratogenic
agents (Fraser et al., 1954) and even a single dose can
adversely affect foetal and subsequent development
(Avery, 1975). These effects of glucocorticoids will
be influenced by the magnitude of their transplacen-
tal passage and localization in foetal tissues. Because
PCM was found to alter the placental transfer of the
nonsteroidal anti-inflammatory agent salicylate
(Varma & Yue, 1983), we determined any influence
of this condition on the transplacental passage and
pharmacokinetics of dexamethasone in rats as the
experimental model. It was found that PCM in-
creased the foetal serum and tissue concentrations of
maternally ingested dexamethasone.

Methods
Animals, diet and general procedures

Virgin Sprague-Dawley female rats weighing be-
tween 200-225g (10-11 weeks old) were housed
with males during the night and the following morn-
ing was designated as day zero of pregnancy for
animals with evidence of sperm in the vaginal wash-
ings. In addition a number of nonpregnant rats of
similar body weight and age were also used. Animals
had free access to tap water and a 21% (control) or a
5% (PCM) protein diet (Mulay etal., 1982; Varma &
Yue, 1983). The composition of the control 21%
protein diet was as follows (gkg~!): vitamin-free
casein 231, sucrose 519, corn starch 150, corn oil 50,
mineral mixture (Williams-Briggs) 40 and vitamin
mixture (Teklad) 10. The 5% protein diet contained
55 gkg ™! vitamin-free casein and 695 g kg~! sucrose;
all other constituents were identical to those in the
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control diet. Both diets were isocaloric in composi-
tion and were purchased from Teklad Test Diets,
Madison, Wisconsin, U.S.A. Animals fed the 5%
protein diet were treated as suffering from protein-
calorie malnutrition (PCM).

Intravenous injections and collections of blood and
tissue samples were all done under ether anaesthesia.
Pharmacokinetic studies were done on day 20 of
gestation or equivalent periods of the two dietary
regimens in the case of nonpregnant rats. Transpla-
cental passage of dexamethasone was determined at
days 14-21 of gestation. For the pharmacokinetic
studies, blood (0.1-0.2 ml) was collected from the
tail artery. In studies on the transplacental passage of
dexamethasone, a single maternal blood sample was
collected by cardiac puncture; foetuses were re-
moved by caesarian section, amniotic fluid was
drained and carefully wiped off the bodies of the
foetuses and blood was collected following decapita-
tion. Placental metabolism of dexamethasone was
studied with fresh tissues; in other cases tissues were
stored at — 20°C until analysed.

Dexamethasone pharmacokinetics

Dexamethasone phosphate (4 umolkg=!) was in-
jected into the tail vein and blood samples were
collected at 1, 3, 6, 9, 12 and 24 h. Plasma half-life
(112), apparent volume of distribution (V,4) and plas-
ma clearance (Cl,) were determined by nonlinear
least square regression analysis of the serum dex-
amethasone concentration data according to a one-
compartment open model (Varma & Mulay, 1980).
Serum dexamethasone levels at 24 h were too low
and not included in the analysis of pharmacokinetic
parameters.

Transplacental passage of dexamethasone as a func-
tion of time, dose and gestational age

In order to determine the time-course of maternal-
foetal distribution of dexamethasone, 4 umolkg™!
dexamethasone was injected (i.v.) on day 20 of gesta-
tion and maternal blood and liver, foetal blood, livers
and lungs, placentas as well as amniotic fluid were
collected at 0.25, 1, 3, 6, 9, 12 or 24h. In other
experiments, 0.8, 4 or 20 umol kg ~! dexamethasone
was injected (i.v.) on day 20 of gestation and mater-
nal and foetal blood as well as amniotic fluid samples
were collected at 3h. Also, the distribution of dex-
amethasone 3 h following its intravenous injection
(4 pmol kg~!) was determined on day 14, 17, 19, 20
and 21 of gestation.

Placental metabolism of dexamethasone

Placentae were removed on day 20 of gestation and
immediately minced into a small pieces. Approxi-

mately 1g tissue was incubated with 5 ml of Krebs
buffer (pH7.4) containing 1, 2 or 4uM’ dex-
amethasone at 37°C for 3 h under a stream of 95% O,
and 5% CO; (Blanford & Murphy, 1977). At the end
of the incubation, samples were extracted with
methylene chloride and assayed for dexamethasone
and metabolite(s) by h.p.l.c. (Kream et al., 1983).

Serum protein-dexamethasone binding

The binding of dexamethasone to maternal and foet-
al serum proteins was determined by equilibrium
dialysis at 37°C for 48h (Westphal, 1969). Serum
samples were diluted with 0.05 M phosphate buffer
(pH7.4) in a ratio of 1 to 10; 2ml of the diluted
serum was placed inside a cellulose dialysis bag (1 cm
long, 12,000 molecular weight cut-off), which was
then placed in 10 ml of the phosphate buffer contain-
ing [*H]-dexamethasone (0.62, 10.8 or 102.5nM)
and antibiotics (streptomycin 0.05mgml~! and
penicillin 50uml~!). In preliminary experiments it
was found that the binding of dexamethasone to
serum proteins did not change with increases in the
concentration of the steroid up to 2.5 nmol ml~! sug-
gesting that the binding was not saturable; in this
sense, the binding data might represent partitioning
of the steroid between the protein and nonprotein
constituent of the serum. The binding to undiluted
serum was calculated on the basis of its protein
concentration.

Assay of dexamethasone and metabolites

With the exception of studies on placental metabol-
ism, dexamethasone concentrations were deter-
mined by radioimmunoassay (Varma & Mulay,
1980). Dexamethasone and 11-dehydro-
dexamethasone in placental minces were measured
by h.p.l.c. (Kream et al., 1983) by means of a
uBondapak C,g reverse-phase column (Waters) and
a mobile phase of acetonitrile : methanol : water
(25:25:50) at a flow rate of 1 ml min~! delivered by
an Altex pump (Varma & Yue, 1983). Prednisolone
was used as the internal standard and the absorbance
was measured at 254 nm. [*H]-dexamethasone was
quantitated by scintillation spectrometry (Intertech-
nique).

Other determinations and statistics

Proteins were measured according to Lowry et al.
(1951) with bovine serum albumin as the standard.
Group means were compared by one-way analysis of
variance followed by comparisons of each two means
(Bonferroni). Differences between two means were
tested by Student’s ¢ test for unpaired data. A proba-
bility of less than 0.05 was assumed to denote a
significant difference. Throughout this paper
means * s.e. are presented.
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Table 1 Influence of protein-calorie malnutrition (PCM) on the pharmacokinetics of dexamethasone
(4 umol kg1, i.v.) in nonpregnant and pregnant (day 20 of gestation) rats

Animals n ti2
(h)

Nonpregnant
Control 7 2.7+0.3
PCM 6 33104
Pregnant
Control 6 3.1x03
PCM 5 4.5+0.5*

Vi C
(mlkg™") (mlkg™'h™h)
604+55 170+28
605+ 50 137+19
72669 161+18

1150+ 60** 182+18

V4= apparent volume of distribution, Cl, = plasma clearance.
* Different (P <<0.01) from control nonpregnant #,,; ** different (P <0.001) from Vj for all other groups; values

are means ts.e.

Drugs and chemicals

The following agents were purchased: dex-
amethasone, prednisolone and bovine serum albu-
min (Sigma Chemical Co., St. Louis, Missouri,
U.S.A)); [6,7-H]-dexamethasone (50 Cimmol~!,
New England Nuclear, Boston, Massachusetts,
U.S.A.). Dexamethasone phosphate was a gift from
Merck Frosst Laboratories, Dorval, Quebec, Cana-
da. Antisera against dexamethasone - 3 - carbox-
ymethyloxime - bovine serum albumin conjugate was
kindly provided by Dr S. Solomon, Endocrine
Laboratory, Royal Victoria Hospital, McGill Uni-
versity, Montreal, Canada. 11-Dehydrodexa-
methasone was a gift from Dr T.L. Popper, Scher-
ing Corporation, Bloomfield, New Jersey, U.S.A.

Results
General effects of protein-calorie malnutrition (PCM)

As found previously (Mulay et al., 1982; Varma &
Yue, 1983), PCM led to a decrease in body weight
gain by nonpregnant and pregnant rats as well as a
decrease in foetal body weights, and weights of ma-
ternal and foetal livers, foetal lungs and placentas.
The litter size was not affected by PCM.

Dexamethasone pharmacokinetics (Table 1)
PCM did not significantly alter the plasma half-life

(#12), apparent volume of distribution (V) and plas-
ma clearance (Cl;) of dexamethasone in nonpregnant

Table 2 Influence of protein-calorie malnutrition (PCM) on the distribution of dexamethasone in maternal and

foetal compartments as a function of time on day 20 of gestation in rats

Group Time
(h)

C 0.25
PCM 0.25
C 1
PCM 1
C 3
PCM 3
C 6
PCM 6
C 9
PCM 9
C 12
PCM 12

Means ts.e.; n=4-10.

Serum (M) Serum (F)
(pmolml~1)
4840+321 428+51
4070119 645+ 54*
4460£270 538+33
4042+571 768+ 64*
2996 +£298 466+71
2641+150 758+ 90*
785+74 229+10
1015+ 139 326+37*
438+31 135+30
828+ 115 263+31*
326+41 122+15
24462 144+ 14

Liver (M)

not done
not done
158431518
16223+3226
14991 + 849
163662751
5252 %540
6953+ 1569
not done
not done
1458 +274
1750+ 354

Liver (F)
(pmolg™!
not done
not done
2963 +207
2853+495
1606 + 140
2942 +584*
559+52
920+ 79*
not done
not done
20722
340+ 26*

Lung (F)

wet tissue)

not done
not done
1476 £367
1349+38
1109+101
1918 +202*
266+77
557+81*
not done
not done
144+ 14
185+ 57

Placenta

not done
not done
3794 + 587
3677+729
3649+ 497
4835+413
958 +245
1471+301
not done
not done
450187
310t 60

Dexamethasone levels in the maternal (M) and foetal (F) tissues of control (C) and PCM rats were determined at the
time indicated following an i.v. injection of 4 umol kg~ ! of the steroid.
* Different (P <0.05) from the corresponding control value at equivalent time period.
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Table 3 Influence of protein-calorie malnutrition (PCM) on the distribution of dexamethasone in maternal (MS)
and foetal (FS) serum 3 h following i.v. injections of the steroid at three different dose levels in rats on day 20 of
gestation

Animals Dose MS FS (FS/MS) x 100
(umol kg™1) (pmiol ml~ 1)
Control 0.8 505+53 98+23 1935
PCM 0.8 558148 237+51* 41+54*
Control 4.0 2996 +298 46771 27+2.0
PCM 4.0 26411150 758 +90* 33+0.9*
Control 20.0 22396 t1772 46231393 2120
PCM 20.0 18929+1130 6492 +522* 35+£3.2*

Meansts.e.; n=4-10.

* Different (P <<0.05) from the corresponding control value at equivalent dose level.

rats. However, the t;; of dexamethasone in pregnant
rats with PCM was greater than that in nonpregnant
controls and V4 was greater than in all other groups of
rats (control and PCM nonpregnant, control
pregnant).

Maternal-foetal distribution of dexamethasone as a
function of time (Table 2)

Significant amounts of dexamethasone reached the
foetus within 15 min after its administration into the
mother. In both groups of rats (control and PCM),
dexamethasone concentration in tissues was greater
than that in the serum. In general, dexamethasone
levels in various foetal tissues (serum, livers and
lungs) of PCM rats were higher than those in control
foetal tissues.

Table 4 Influence of protein-calorie malnutrition
(PCM) on the binding of [*H]-dexamethasone to
maternal and foetal serum proteins of rats on day
20 of gestation

Placental transfer of dexamethasone as a function of
dose (Table 3)

There was a dose-dependent increase in maternal
and foetal serum dexamethasone concentrations in
both control and PCM rats. However, the ratios of
foetal to maternal serum dexamethasone concentra-
tions did not appreciably change as the dose of the
steroid was increased. At all dose levels studied,
foetal serum dexamethasone concentrations as well
as the ratios of foetal to maternal serum concentra-
tions of dexamethasone were higher in PCM than in
control animals.

Placental transfer of dexamethasone as a function of
gestational age (Figure 1)

Gestational age exerted no significant effect on ma-
ternal serum dexamethasone levels in both groups of
rats. However, dexamethasone levels in the whole
foetus and the amniotic fluid were lower on day 14
than on days 17-21 of gestation in control as well as
PCM animals. In general, dexamethasone levels in
foetuses of PCM rats were higher than those in
control foetuses at various gestational ages.

Serum source Serum pniteins Dexamethasone bound
di~ Y% .
d™) (%) Placental metabolism of dexamethasone
Control mother 59+0.3 84+1.9 .
Control foetus 2.3+0.2* 83+1.0 In vitro metabolism of dexamethasone by placental
PCM mother 3.8+0.2** 82+1.7 tissue from control rats at 2 and 4 uM concentrations
PCM foetus 2.2+0.2* 76+2.1 was 49+1.8% and 7.8%*2%, respectively. 11-

Because the binding at all the 3 different concent-
rations of [>H}-dexamethasone (0.62, 10.8 and
102.5 nM) was identical, values for the same serum
sample were averaged to yield one mean. Data are
means ts.e. of 4 separate serum samples.
*Different (P<0.05) from maternal values;
** different (P <<0.05) from the control maternal
value.

Dehydrodexamethasone was the only metabolite
that could be detected by h.p.l.c. PCM exerted no
significant effect on the placental metabolism of dex-
amethasone.

Serum protein-dexamethasone binding (Table 4)

There was no significant difference in the binding of
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Figure 1 Influence of protein-calorie malnutrition (PCM) on the placental transfer of dexamethasone at different
gestational ages in rats. Animals were fed ad libitum a 21% (control, stippled columns) or a 5% (PCM, hatched
columns) protein diet. Dexamethasone (4 umolkg™!) was injected i.v. and animals killed 3h later. Columns
represent means and vertical lines s.e. of results from 4-10 animals. Asterisks denote difference (P <<0.05) from the
control values at the same gestational age. NA, samples not available; ND, sample not done.

dexamethasone to maternal and foetal serum pro-
teins from both groups of rats. PCM exerted no
significant effect on serum protein-dexamethasone
binding.

Discussion

The main objective of this study was to determine the
influence of PCM on the maternal-foetal exchange of
dexamethasone. The suitability of the protocol for
inducing PCM (Mulay et al., 1982; Varma & Yue,
1983) and of the techniques for the quantitation of
dexamethasone by radioimmunoassay (Varma &
Mulay, 1980) and by h.p.l.c. (Kream et al., 1983)
have been described previously. However, the trans-
placental passage of dexamethasone was not deter-
mined at steady-state conditions. Therefore, the pre-
sent data are more suited for a comparison of dex-
amethasone levels in foetal compartments of control
and PCM rats than for deriving transplacental kine-
tics.

PCM did not alter the pharmacokinetics of dex-
amethasone in nonpregnant rats (Table 1) as has
been found in male rats (Varma & Mulay, 1980) but

increased the plasma #;,; and volume of distribution
in pregnant animals. The mechanism of PCM-
induced changes in the pharmacokinetics of dex-
amethasone in pregnant rats was not investigated; it
would seem that the observed increase in ¢, is the
result of an increase in the volume of distribution of
dexamethasone, which in turn could be caused by an
accentuation of any of the pregnancy-associated fac-
tors that can alter drug distribution (Krauer et al.,
1980). However, a contributory role of PCM-
induced decrease in dexamethasone metabolism in
the prolongation of its plasma half-life cannot be
excluded.

The finding that dexamethasone level in the foetal
serum did not exceed 40% of that in the maternal
serum for long periods is in conformity with data on
the maternal-foetal exchange of this agent in rats
(Funkhouser etal., 1978), sheep (Bayard etal., 1972;
Anderson et al., 1979) and man (Kream et al., 1983)
as well as with data on the transplacental passage of
other synthetic glucocorticoids such as triamcinolone
acetonide (Slikker et al., 1982), betamethasone (Bal-
lard et al., 1975) and prednisolone (Beitins et al.,
1972). Because the binding of dexamethasone to
maternal and foetal serum proteins is not different as
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has also been reported by others (Funkhouser et al.,
1978) and its metabolism by the placenta is insignific-
ant, it seems improbable that significantly lower foet-
al than maternal serum dexamethasone concentra-
tions are maintained by these factors. Theoretically,
dexamethasone levels in the foetal serum should
equal or exceed those in the maternal serum with
time (Szeto, 1982). The fact that this is not so sug-
gests that some uncharacterized efficient mechanism
operates for the elimination of dexamethasone, and
possibly other xenobiotics, by the foeto-placental
unit.

As expected, the higher the dose of dex-
amethasone the higher was its concentration in both
the maternal and foetal serum (Table 3). However,
ratios of foetal to maternal serum dexamethasone
levels remained relatively constant at all dose levels.
It is tempting to suggest that if ratios of foetal to
maternal serum levels of a drug remain constant over
a wide dose range and time period in man, a know-
ledge of this ratio on the basis of a selected number of
studies could serve to approximate foetal serum
levels of the drug on the basis of easily measurable
maternal levels.

We previously showed that PCM increased the
placental transfer of salicylate (Varma & Yue, 1983).
The present data show that this is also true for
dexamethasone. The underlying mechanism for this
effect of PCM is not clear from these studies. It does
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