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The placental transfer of a single intravenous injection of Y-hexoprenaline was studied in eight 

pregnant New Zealand white rabbits. Maternal and fetal blood was sampled intermittently for 60 

minutes after the injection. An initial rapid decrease in the levels of “C-hexoprenaline in maternal 

blood was followed by a second slower phase, whereas fetal levels remained insignificant. The 

conclusion, therefore, is that the rapid improvement in fetal heart rate after the administration of a 

single maternal intravenous injection of hexoprenaline in the treatment of fetal distress is due to the 

action on the uterus and/or on maternal cardiovascular function, and not to direct stimulation of the 

fetus. (AM. J. OBSTET. GYNECOL. 142:313, 1982.) 

HEXOPRENALINE, a &sympathomimetic drug, was 

shown to have less effect on maternal cardiovascular 
function than either fenoterol, ritodrine, or salbuta- 
mol.‘, ’ Thus, it became the drug of choice for use in a 
variety of obstetric emergencies, including fetal distress 
in labor, in which its selective use as an intravenous 
bolus was shown to produce a rapid improvement in 
the fetal heart rate.3 Indirect evidence suggested that 

this effect was due to the tocolytic action of the drug on 
uterine activity, and that the improvement in the fetal 
heart rate was due to the reversal of the aggravating 

factors that were causing the fetal distress.3 However, it 
is also possible that the rapid improvement in the fetal 
heart rate was due to placental transfer of the drug, 
which acts directly on the fetal myocardium. 

To assess whether significant placental transfer oc- 
curs after an intravenous bolus injection, ‘X-hexo- 
prenaline was studied in the pregnant rabbit, which has 
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a hemochorial placenta, similar in type to the human 
placenta. 

Material and methods 

Experiments were conducted in eight pregnant New 
Zealand white rabbits (Rana Enterprises, Milan, Ten- 

nessee) at a gestational age of 27 or 28 days (term, 31 
days). Each doe was initially anesthetized by an in- 

tramuscular injection of ketamine (Bristol) and xyla- 
zine (Waver-Lockhart) in combination, at 35 and 5 
mgikg body weight, respectively. Additional half-doses 
were administered as needed. The neck and abdomen 
were shaved and a longitudinal incision was made in 
the neck under clean operating conditions. The exter- 
nal jugular vein and common carotid artery were 
catheterized with plastic tubing (Tygon: outer diame- 
ter, 0.054 inch: inner diameter, 0.034 inch). The 
catheters were each fitted with a 20 gauge Luer stub 
adapter and a three-way stopcock. The uterus was ex- 
posed via a midline abdominal incision, and the num- 

ber of fetuses was determined. During the experiment, 
the abdominal incision was kept closed to aid in main- 
taining the best physiologic conditions. 

Each doe was given ‘-‘C-cr-hexoprenaline sulfate 
(specific activity = 24 mCi/mmole, New England Nu- 
clear) as a bolus injection through the venous catheter. 
The dosage for each was calculated as 15 pglkg body 
weight. Heparinized saline solution was used to flush 
the catheter after the bolus. 
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Table I. Maternal and fetal levels of “C-hexoprenaline* 
-_- 

i21atemal letvl~ F&d leveL\ 
----- 

Surrkple tlrrkr *vo. of .vo. of 
(milk) aumpla dpwklrlml phmu t- SD (L,kk~Kk~~ dpwkhk~ piama f .sl) 

1 7 16,250 t 4.584 
3 6 11,097 i I.848 
5 5 9,077 k 1,411 i 40 I 84 

10 7 6,616 _t I.031 7 183 r t’fi6 
20 8 .?,I61 2 1.061 6 120 t 100 
30 8 4,171 2 1.035 n 163 It I.57 
4.5 7 3,416 z 1.015 ti 20-t i- “17 
60 6 3,030 f  Xl 1 -I "70 f_ Iti7 

*Specific activity = 24 mCi/mmole. 
SD = Standard deviation. 
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Fig. 1. Maternal (rt srandard error) and fetal levels of “‘c- 
hexoprenaline after administration as an intravenous injec- 
tion 

Samples of maternal blood were drawn through the 

arterial catheter on a schedule of 1, 3, 5, 10,20,30,45, 
and 60 minutes after injection of the bolus. Each sam- 
ple of blood (1.5 to 2.0 ml) was transferred to heparin- 
ized tubes that contained 10 ~1 of 0.4N sodium 
bisulfite, and was kept on ice. To maintain clear pas- 

sage, the catheters were flushed with heparinized saline 
solution before and after each sample was drawn. 

A fetus, along with amniotic sac and placenta, was 
removed through a small uterine incision at 5, 10, 20, 
30, 45, and 60 minutes after injection of the bolus of 

hexoprenaline. The viable fetuses were immediately 
decapitated and the blood from the trunk-was collected 
directly into the treated tubes. 

All samples of blood were centrifuged at 3,500 rpm 
for 3 minutes (Clay-Adams, Sero-fuge II). From each 
sample, 200 ~1 of serum was spotted in duplicate on 

Whatman Y-mm paper discs and air dried. I‘hc dry 
discs were then placed in plastic liquid scintillation 
counting vials with 10 ml of scintillation liquid (sylene. 
PCS, Amersham). Each sample \cas counted for 10 
minutes, and average counts per minute (cpm) were 
calculated, with the use of a Nuclear Chicago Mark II 

liquid scintillation counter. 

Results and comment 

The results are summarized in Table I and Fig. 1. An 
initial rapid decrease in the levels of “C-hexoprenaline 

in maternal blood was followed bv a second slower 
phase. Fetal levels were insignifican;. Thus, it is highly 
unlikely that amelioration of an abnormal fetal heart 

rate pattern was due to direct stimulation of the fetal 
heart rate. 

Placental transfer is an important consideration in 
the assessment of possible short-tertn and long-te-rm 
fetal effects as a result of the maternal administration 
of &sympathomimetic drugs. Unfortunately, very few 

data which address this issue are available. Also, the 
various drugs will have to be individually studied since 
differences in their physical properties, e.g., fat solu- 
bility. protein binding, molecular weight, and pKa, may 
account for differences in placental transfer among 
them. Hexoprenaline has a mole weight of 518.59 and 
would be expected to cross the placenta. However, it 
has a high polarity (becoming a dissociated positiyel) 
charged salt at blood pH) and is vir-tually insoluble in 
organic solvents, which would account for our findings. 

Kleinhout and associates< infused 11.5 mg of. “H- 
ritodrine over a 20-minute period into three ewes and 
measured the concentrations of the labeled material in 
maternal and fetal blood. Fetal levels were less than 
20% of maternal levels. Gandar and associates.” using a 
radioimmunoassay technique to measure ritodrine, 
compared cord blood levels to maternai venous levels 
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at the time of delivery in nine women who had received 
ritodrine in various dosages and for various times prior 
to delivery. In all patients, the concentration of rito- 
drine in the cord serum was lower than, or equal to, 
that in the maternal serum. 

Meissner and Klostermann6 infused 3H-fenoterol 
into pregnant rabbits over a period of 4 hours. The 

transfer of radioactivity into the fetuses was minimal. 
The tritium concentrations found in the fetal organs 

was 5% to 10% of those in the equivalent maternal 
organs. The highest concentration of radioactivity in 
the fetus was found in the urine. However, the mea- 
surement of total radioactivity does not distinguish be- 
tween the active drug and inactive conjugates. Kords’ 
showed that fenoterol was rapidly metabolized during 
intravenous infusions to guinea pigs. The maximum 

radioactivity recovered as nonmetabolized fenoterol 
did not exceed 10% in the mother. The fetal plasma 
contained more conjugates than did the maternal 

plasma; only 2% to 6% of the measured activity could 
be demonstrated as nonmetabolized fenoterol in fetal 

plasma. Thus, it appeared that the fetuses were doubly 
protected from the active drug. First, placental transfer 

of the active substance was inhibited, and, second, the 
small amount that was transferred to the fetus was fur- 
ther inactivated by conjugation at the time of passage. 

These findings appear to explain the difference be- 
tween maternal and fetal cardiovascular reactions af- 
ter clinical administration of the &sympathomimetic 
drugs. Siimes and associates,* in sheep experiments, 
demonstrated that ritodrine which was infused directly 
into the fetus produced a marked increase in fetal 
heart rate, but when infused into the ewe, it caused no 
change in fetal heart rate, blood pressure, cardiac out- 
put, or umbilical blood flow. 

We wish to thank Byk-Gulden for the supply of 
drugs used in this study. 

1. 

2. 

3. 

4. 

5. 

REFERENCES 

Lipshitz, J., Baillie, P., and Davey, D. A.: A comparison of 
the uterine beta,adrenoreceptor selectivity of fenoterol, 
hexoprenaline, ritodrine and salbutamol, S. Afr. Med. J. 
50:1969, 1976. 
Lipshitz, J., and Baillie, P.: Uterine and cardiovascular ef- 
fects of beta,-selective sympathomimetic drugs adminis- 
tered as an intravenous infusion, S. Afr. Med. J. 50:1973, 
1976. 
Lipshitz, J.: Use of a &sympathomimetic drug as a tem- 
porizing measure in the treatment of acute fetal distress, 
AM. J. OBSTET. GYNECOL. 129:31, 1977. 
Kleinhout, J., Stoke, L. A. M., and Veth, A. F. L.: Passeert 
ritodrine de placenta? Med. T. Geneesk, 118:1248, 1974. 
Gandar R., de Zoeten, L. W., and van der &hoot, J. B.: 

6. 

7. 

8. 

Serum level of ritodrine in man, Eur. J, Clin. Pharmacol. 
17:117, 1980. 
Meissner, J., and Klostermann, H.: Distribution and dia- 
placental passage of infused 3H-fenoterol hydrobromide 
(Partusisten) in the gravid rabbit, Int. J. Clin. Pharmacol. 
13:27, 1976. 
Kords, H.: Pharmacology and pharmacokinetics of Par- 
tusisten (fenoterol), in Weiginger, H., editor: Labour In- 
hibition. Betamimetic Drugs in Obstetrics, New York, 
1977, Gustav Fischer Verlag, pp. 41-46. 
Siimes, A. S. I., Creasy, R. K., Heymann, M. A., et al.: 
Cardiac output and its distribution and organ blood flow in 
the fetal lamb during ritodrine administration, AM, J. 
OBSTET. GYNECOL. 132:42, 1978. 


