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Effects of insulin and hydrocortisone on lung tissue phosphatidyl choline
and disaturated phosphatidyl choline in fetal rabbits in vivo
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Summary. To determine the effects of insulin and hydrocorti-
sone on lung tissue surfactant, the fetuses of New Zealand
White rabbits were injected with insulin, saline (0.154 mol/I),
insulin + hydrocortisone, insulin+saline or saline+ hydro-
cortisone, or were sham-operated on day 27 of gestation.
Twenty-four hours later (on day 28 of gestation) delivery was
accomplished by Caesarian hysterectomy. The lung tissues
were analysed for phosphatidyl choline and disaturated phos-
phatidyl choline. Both were higher in fetuses injected with in-
sulin than in sham-operated control animals. The phosphati-

dyl choline and disaturated phosphatidyl choline were also
higher in the fetuses injected with insulin+ hydrocortisone
than in fetuses injected with insulin or hydrocortisone alone.
These results suggest that insulin increases the phosphatidyl
choline and disaturated phosphatidyl choline content in lung
tissue in fetal rabbits in vivo, and that in the presence of hy-
drocortisone, insulin appears to have an additive effect.
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Hyaline membrane disease (HMD) in pre-term infants
is primarily due to inadequate surfactant, mainly phos-

phatidyl choline [1, 2]. As well as being large for gesta- -

tional age, infants of diabetic women have multiple
problems at birth. The increased incidence of HMD
compared with that in infants of similar gestational age
born to normal women is a major concern because of its
life-threatening nature [3-5]. The fetus of a poorly con-
trolled diabetic woman has hyperglycaemia causing
hyperinsulinaemia in utero [6, 7). It is less certain that
hyperadrenocorticism exists in these infants [8-10].
Although the underlying pathophysiology is unclear,
hyperinsulinaemia has been implicated as a major fac-
tor in delayed lung maturation.

Animals with chemically-induced diabetes have
been used to study the pathophysiology of the hyaline
membrane disease in these infants. The effects of corti-
sol on fetal lung cellular growth and surfactant maturity
are well established, in both animals and human infants
[11-13]. Smith et al.in a lung tissue-culture study [14],
showed that insulin alone has a positive effect on cho-
line incorporation into lecithin. However, when the
lung tissue was incubated with cortisol, all concentra-
tions of insulin were significantly associated with re-
duced lecithin synthesis. Gewolb et al. showed that pul-
monary glycogen degradation is delayed in fetuses of
rats with streptozotocin-induced diabetes, and delay in
lung maturation may be related to decreased activity of

glycogenolytic enzyme phosphorylase A, resulting in
decreased availability of glucose for surfactant synthe-
sis [15]. In rabbits with alloxan-induced diabetes, fetal
hyperglycaemia is seen, whereas fetal hyperinsulinae-
mia is absent [16]. Also, in rats with streptozotocin-in-
duced diabetes the fetal pancreatic islet cells are not hy-
perplastic or hypertrophied, as they are in the fetus of a
diabetic woman [17, 18]. To our knowledge, the status of
adrenocorticosteroid in these animals is unknown.

This study was designed to evaluate the combined
effects of insulin and hydrocortisone on lung-tissue
phosphatidyl choline and disaturated phosphatidyl
choline synthesis in rabbits in vivo, in the absence of
changes in the metabolic status of the doe or fetuses.

Materials and methods

Animals

New Zealand White rabbit does (age at breeding 6 months or above
and weight between 3 and 4 kg) were bred, the time of mating being
known to within 8 h. The day of mating was considered as day zero of
gestation. On day 27 of gestation, pregnancy was confirmed by palpa-
tion after intravenous administration of ketamine (5-10mg/kg) to
achieve relaxation.

Group 1: Fetuses in the right uterine horn received a mixture of regu-
lar and protamine zinc insulins (0.5 units each) + 1 mg hydrocortisone
(total volume 0.2 mi) and fetuses in left uterine horn were injected
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Table 1. Fetal weights and serum glucose, cortisol and insulin levels
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Group  Injection Fetal weight Serum glucose Serum cortisol Serum insulin
() (mmol/1) (nmol/1) (mU/1)
1 Insulin+ 247+21 424+0.42 83.1+18.2 65.6+15.5
hydrocortisone @) @) @] 6)
Insulin + saline 258+1.8 437+0.20 309+ 2.7 73.0+£10.5
) M Y ()
2 Insulin + 20.5+£28 5.03+0.31 49.7+ 9.8 167.7+£59.22
hydrocortisone ) Q) )} ©)
Saline + 28.5+3.2 4.84+0.29 381+ 6.6 313+ 39
hydrocortisone 9) ) )] )
3 Saline alone 27.6+£2.2 5.50+£0.46 425+171 383+ 34
©) (©) ®) ®)
Sham-operated 29.2+55 4.394-0.80 364+ 6.2 53.5+13.5
(©) ©) ©) ®)
4 Insulin alone 28.2+£0.8 5.56+£0.80 7124 9.9b 700+ 4.9°
™ M @) ™M
Sham-operated 28.5+1.4 6.00+0.80 306+ 3.0 303+ 1.8
@ 9 ™) !

Values expressed as mean + SEM with number of does in parentheses. ? p<0.05; ® p<0.025; ¢ p< 0.0005: significant differences between the ani-

mals in each group

with the same mixture of insulin + saline (0.154 mol/1; total volume
0.2 ml) to serve as controls.

Group 2: Fetuses in the right uterine horn were injected with a mixture
of regular and protamine zinc insulins (0.5 units each)+ 1 mg hydro-
cortisone (total volume 0.2 ml) and fetuses in left uterine horn were in-
jected with saline (0.154 mol/1)+1 mg hydrocortisone (total volume
0.2 ml) to serve as controls.

Group 3: Fetuses in the the right uterine horn were injected with saline
(0.154 mol/1; total volume 0.1 ml) and the fetuses in left uterine horn
were considered as sham-operated controls.

Group 4: Fetuses in the right uterine horn were injected with a mixture
of regular and protamine zinc insulins (0.5 units each; total volume
0.1 ml) and the fetuses in left uterine horn were considered sham-op-
erated controls.

Experimental design

On day 27 of gestation, after confirmation of pregnancy, the uterus
was exteriorized through a midline incision under pentobarbital
anaesthesia (20 mg/kg). One fetus at a time was injected through the
uterine wall in the hind leg or rump. During injection each fetus was
stabilized against the uterine wall. Two to four fetuses on each side
were injected. The total number of fetuses varied from two to eight on
each side. When there were more than four fetuses in one uterine
horn, four fetuses were injected sequentially starting from the top of
the uterine horn and the remaining fetuses were not used in the exper-
iment. Following injection, the uterus was returned to the abdominal
cavity and the incision closed. Intravenous dextrose (5%) and saline
(77 mmol/1) were infused until the doe recovered from anaesthesia
(average recovery time 2 h). Other investigators have used similar in-
jection techniques to study the effects of insulin and cortisol [12, 19].

On day 28 of gestation (24 h after injection), the fetuses were deliv-
ered by Caesarian hysterectomy under pentobarbital anaesthesia
(25 mg/kg). The necks of the fetuses were tied at birth to prevent
breathing.

Fetal blood from two randomly-selected injected fetuses from
each side of uterus was collected by cardiac puncture and pooled for

determination of serum glucose, insulin and cortisol concentrations.
The lungs from the same two fetuses were removed and pooled for de-
termination of phosphatidyl choline (PC) and disaturated PC
(DSPC).

Laboratory methods

Serum glucose was determined by a glucose oxidase method using a
glucose analyser (Beckman, Brea, California, USA). Serum insulin
and cortisol were determined by radioimmunoassay, using Micro-
medic radioimmunoassay kits (Diagnostic Product Corporation, Los
Angeles, California, USA).

After slicing. and mixing, the lung tissue was divided into small
portions and weighed. Part was used for determination of PC, another
part for determination of DSPC, and the remainder was frozen and
stored.

After homogenization of the lung tissue, chloroform-methanol
and ether-hexane were used to extract phospholipids as described by
Russell et al. [20]. PC was isolated by thin layer chromatography,
using chloroform:methanol: glacial acetic acid:water (138:87:18:9
by volume) as a developing solvent [20]. The PC on thin layer chro-
matograph plates was identified by exposing the plate to iodine
vapour.

After extraction of phospholipid from the lung tissue by the same
method, DSPC was separated by the method of Mason et al, [21] in
which phospholipid extract was oxidized using osmium tetroxide and
passed through an activated aluminium oxide column (solvent 1:
chloroform:methanol 20:1 by volume; solvent 2:chloroform:
methanol: ammonium hydroxide 7mol/1 70:30:2 by volume). The
recovery of DSPC in our laboratory with this procedure is 85-90%.

Phosphorus content was determined by the method of Rosenthal
et al. [22].

Statistical analysis

All four groups were analysed separately. Statistical analysis compar-
ing fetal weights, serum glucose levels, serum insulin concentrations,
serum cortisol levels, lung-tissue PC and lung-tissue DSPC were car-
ried out using Student’s two-tailed paired t-test.
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Fig.1. A Lung tissue phosphatidyl choline and B lung tissue disat-
urated phosphatidyl choline (mean+ SEM). * p<0.05; ** p<0.01;
*** p<0.005 (Student’s two-tailed paired t-test). Group 1 (seven does)
0O =insulin + hydrocortisone, =insulin+saline; group2 (nine
does) [ =insulin+ hydrocortisone, B =saline + hydrocortisone;
group 3 (six does) B =saline alone, B =sham-operated; group4
(seven does) F =insulin alone, B =sham-operated

Results

Data from seven rabbit does in group 1, nine in group 2,
six in group 3 and seven in group 4 are available.

The fetal weights and serum glucose concentrations
were similar in all four groups (Table 1). The mean se-
rum insulin concentrations were similar in groups 1 and
3, but as expected were significantly higher in the fe-
tuses injected with insulin in groups2 and 4 (p<0.05
and <0.0005 respectively; Table1). As expected, in
group 1 the mean serum cortisol level was higher in fe-
tuses injected with insulin+hydrocortisone than in
those injected with insulin+saline (p<0.05; Table 1).
The serum cortisol concentration was also higher in the
insulin-injected than in the sham-operated fetuses (p<
0.025; Table 1).

The mean +SEM levels of the lung-tissue PC in all
four groups are shown in Figure1A. In group 1, the
mean fetal lung-tissue PC was higher after insulin + hy-
drocortisone than after insulin+saline injection
(26.1£2.2 versus 20.2+ 1.8 mg/g dry tissue; p<0.01).
Similarly, in group 2 the mean lung-tissue PC in fetuses
injected with insulin + hydrocortisone was higher than
in those injected with saline+ hydrocortisone (29.9 +
2.8 versus 247+23mg/g dry tissue; p<0.01). In
group 3, there was no difference in lung-tissue PC be-
tween saline-injected and sham-operated fetuses
(28.8 £ 3.3 versus 31.4 + 7.4 mg/g dry tissue). In group 4,
lung-tissue PC was higher in insulin-injected than in
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sham-operated fetuses (344+4.4 versus 30.0%+
3.2mg/g dry tissue; p<0.05).

The mean =+ SEM levels of the lung-tissue DSPC are
shown in Figure 1B. In group 1, DSPC was higher after
insulin + hydrocortisone than after insulin + saline-in-
jection (16.8+2.6 versus 12.8+2.6mg/g dry tissue;
p<0.0005). In group 2, it was higher in fetuses injected
with insulin+ hydrocortisone than in those injected
with saline +hydrocortisone (15.4+1.5 versus 13.6-
1.7mg/g dry tissue; p<0.05). In group 3, there was no
difference in lung-tissue DSPC between saline-injected
and sham-operated fetuses (18.0+3.3 versus 16.9+
1.4 mg/g dry tissue). In group 4, it was higher in insulin-
injected than in sham-operated offspring (16.8 +0.7 ver-
sus 12.5+0.7 mg/g dry tissue; p<0.01).

Discussion

These results indicate that in fetal rabbits, insulin by it-
self increases the PC and DSPC content of lung tissue
in vivo. These findings in part correlate with studies in
vitro reported by Smith et al. [14] and Gross et al. [23].
Warburton et al. showed that chronic hyperinsulinae-
mia reduce flux of surface active material in tracheal
fluid in lambs in vivo [24]. Rooney et al. showed that hy-
perinsulinaemia did not inhibit surfactant production in
the fetal primate in vivo, at least up to 148 days of gesta-
tion [25]. In both studies, the hyperinsulinaemic fetuses
had significantly lower serum glucose concentrations,
which itself may have influenced the pulmonary sur-
factant surge or production. The fact that serum glucose
concentrations were not different in our study may be
related to the shorter duration of hyperinsulinaemia al-
lowing fetuses to mobilize stored glycogen.

The combined effects of insulin and cortisol on
lung-tissue surfactant in vivo are unknown. In this study
the finding that PC and DSPC content was greater in
the fetuses injected with insulin +hydrocortisone than
in litter-matched fetuses injected with insulin alone
(group 1) or with hydrocortisone alone (group 2) indi-
cates an additive effect of the drug combination. This
additive effect contrasts with the in vitro study of Smith
et al. [14]. However, in monkey studies, Beck et al.
showed that glucocorticoids induced hyperinsulinae-
mia, which resulted in decreased surfactant synthesis,
but pulmonary compliance was unaffected [26]. The se-
rum cortisol levels in insulin-injected fetuses in group 4
were significantly higher, indicating that insulin may
play some role in altering cortisol, thus indirectly affect-
ing PC and DSPC in lung tissue. Since serum cortisol
concentrations were not different in group 3, the stress
effect of the procedure itself was not responsible. We
have not tested pulmonary compliance changes in this
study and are thus unable to comment on the functional
effect of insulin, whether given alone or combined with
hydrocortisone. Likewise, the effects on fetal rabbits of
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hyperinsulinaemia of longer duration, with or without
hydrocortisone, have yet to be tested.

Hyaline membrane disease in infants born to diabet-
ic women is a complex problem and may be multifacto-
rial. It may be that the increased incidence is related to a
lack of surfactant surge to the alveolar surface [24] rath-
er than deficiency in Type I1 alveolar cells. It has been
suggested that lack of surfactant components other than
PC and DSPC [27, 28], or alternatively factors other
than fetal hyperinsulinaemia and hypercortisolaemia,
may be responsible [16]. It is possible that abnormal car-
bohydrate metabolism plays a major role in delaying
pulmonary maturity, rather than there being a direct
hormonal effect on pulmonary surfactant [15}.

Effects in vivo of insulin alone or insulin +hydro-
cortisone on pulmonary compliance and on the produc-
tion of other surfactant components, such as phosphati-
dyl glycerol and phosphatidyl inositol, need to be
evaluated for a better understanding of this complex
problem.
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