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I SUMMARY 

Samples of amniotic fluid and fetal tracheal fluid were obtained from 36 ovine 
'nancies which were studied either acutely or chronically during the last two-thirds of 
ation (65 to 149 days). The specific activity of phosphatidic acid phosphohydrolase 
Pase), disaturated lecithin (DSL), total phospholipids (TPL), and the LIS ratio were 
yed in the amniotic and tracheal fluids. There was a significant and progressive 
ease in the specific activity of PAPase in t rache3 fluid beg inn iqaher  110 days, 
easing from 66 t 7 nmoles phosphate released x mg protein x hour (Mean t S.E.M.) 
I days, to  107 * 6 a t  111 t o  120 days, and t o  277 t 70 a t  131 t o  144 days. The rise in 
'ase specific activity was followed by a parallel rise in the DSL fraction of the TPL 
.L/TPL ratio), increasing from a DSLITPL ratio of 0.06 t 0.01 in fetuses s 120 days, 
.29 t 0.06 a t  121 to 130 days, and to 0.50 t 0.18 a t  131 t 135 days. The PAPase 
ific activity and the LIS ratio in amniotic fluid did not change during pregnancy. 

I SPECULATION 

Neonatal respiratory distress syndrome is the result of inadequate production of 
nce active material by the fetal and neonatal lung. The enzyme PAPase occupies a 
ral role in the biosynthesis of the glycerophospholipids, and increases in the specific 
vity of PAPase in human amniotic fluid and in fetal rabbit lung tissue precede or are  
llel with the increase in the LIS ratio and pulmonary surfactant synthesis, 
ectively. We have shown that this sequence is also demonstrable in ovine fetal 
heal fluid, thus providing an animal preparation in which the formation and 
lation of surfactant biosynthesis during fetal lung maturation can be investigated 

INTRODUCTION 

I A deficiencv in the auantitv or com~osition of ~ulmonarv surfactant is believed . - 
the cause of neonatal respiratory distress syndrome (3). .4lihwgh the biosynthetic 

for the Droduction of the glycerophospholipids of surfactant have been Well 

rophospholipid biosynthesis (11,12,13,22). PAPase catalyzes the hydrolysis of 

rol (14). Thus PAPase mav be imwrtant in the biosvnthesis of ~hos~hatidvlcholine 
phosphitidylglycerol, the t h o  glyc?erophospholipids which accouni fo; near6 90% of b hospholipids of lunu surfactant. Moreover, these two glycerophospholipids are the ) active 0-f the surface-active components of surfactant. 

Inasmuch as  the pregnant ewe and her fetus can provide a chronically 
umented animal model for the investigation of fetal and reproductive physiology and 

is a paucity of information on the relationship between the specific activity of 
ase and the rate of release of glycerophospholipids into ovine fetal tracheal fluid and 
otic fluid, the present studies were conducted. The purposes of the present 
.tigation were I) to  develop a chronically instrumented fetal preparation for the t of ovine lung development during the last two-thirds of gestation, 2) to  evaluate 
muential chances in PAPase mecific activitv in ovine fetal tracheal fluid and in 

fluid, and 3) to  characteriie the relationship between PAPase specific activity 
he glycerophospholipid composition in wine fetal tracheal fluid and amniotic fluid. 

MATERIALS AND METHODS 

Thirty-ix pregnant ewes of mixed Western breed and accurate gestational ages, 
ing from 65 to 149 days (term 145 t o  150 days), were included in this study. Samples 
mniotic and tracheal fluids were obtained from 16 animals a t  the time of surgery 
or  sacrifice a t  the completion of a study. Twenty animals were studied a s  chronic 
p preparations for an average of 11 days, range 2 to 31 days. Samples of amniotic 

were obtained from this group of animals only a t  the time of surgery, whereas 
eal fluid was sampled serially until the termination of pregnancy either by the 

parturition or elective operative delivery. The animal preparation is 

Jical Procedures 

t towels. The heid of the fetus was located and the cricoid cartilage-ibentified and 
ght Into apposition with the uterine wall such that it was between the visible uterine I 
I vessels. With blunt and sharp dissection the uterine wall and fetal membranes were 
ed. A 13 to 14 ml sample of amniotic fluid was obtained a t  this time and placed on 
The fetal trachea was palpated and a 2 cm incision was made over and parallel with 

With blunt dissection the fetal trachea was isolated, incised and a 13 to 14 ml sample 
.acheel fluid obtained and placed on ice. A telfon catheter (1.2 mm i.d. by 2.2 mm 
was placed in the trachea to a point proximal to  the bifurcation and secured with 

ilical tape; this also ligated the trachea, isolating the pulmonary compartment. The 
heal catheter was attached to a soft plastic bag of 300 ml capacity that would 
~ d e  a reservoir for the collection of tracheal fluid. There was a second catheter 
ched to the bag that was exteriorized and used for sampling. The fetal skin was 
?d with 3-0 silk suture and the plastic bag placed in the amniotic sac. The uterine 
was closed with interlocking 3-0 silk suture. A second uterine incision was made in 

nanner reviously described (21) and siliconized polyvinyl catheters (0.77 mm i.d. by 
nm 0.d.P were placed in a fetal femoral artery and vein and a branch of the umbilical 
. A sufficient length of catheter was placed in the amniotic sac to allow free fetal 
crnent. Ampicillin, 250 mg, was injected into the amniotic cavity and the uterine 
was closed as  described above. The catheters were sutured t o  the uterine wall for 

An electromagnetic flow probe (26) was placed around the uterine artery on the 
side of the uterus containing the instrumented fetus (20). Fetal catheters and flow probe 
leads were broueht out of the ewe's abdomen throuch a sinele stab wound and were 
secured to the Fectus fascia with 1-0 silk suture. - The rcctus sheath was closed. 
Additional polyvinyl catheters were inserted into a maternal femoral artery and vein. 
All catheters and flow probe leads were carried to the flank through a subcutaneous 
tunnel and stored in an external canvas pouch which was attached to the skin with steel 
pins. The skin incisions were closed with Michel clips. The catheters were flushed daily 
with heparinized saline containing 250 unitslml for maternal catheters and 500 unitslml 
for fetal catheters. Penicillin (600,000 units) and streptomycin (0.5 gm) were given to 
the mother on the day of surgery and for the next two days. The fetus received 50 mg of 
Ampicillin intravenously every other day throughout each experiment. 

Experimental Protocol 

In the chronic preparations the condition of the fetus was evaluated by 
monitoring heart rate, hematomit, arterial blood gases and pH, and blood pressure within 
3 to  4 hours after surgery, the first day postoperative, and every other day thereafter. 
Maternal heart rate, systemic blood pressure and arterial blood gases and pH were 
monitored in a similar manner. Uterine blood flow was monitored daily for 15 minutes. 

The plastic tracheal fluid collection bag was emptied every 24 hours by gentle 
suction with a sterile 50 ml syringe. The sample was collected in ice and divided into 30 
ml aliquots that were centrifuged immediately a t  700 x for 5 minutes. The supernatant 
fractions were removed end frozen immediately a t  -18 C in 10 and 30 ml aliquots until 
the time of assay. All other samples of tracheal and amniotic fluid were processed in a 
similar manner. 

Assays 

The phospholipids were extracted from 5 ml aliquots of amniotic and tracheal 
fluids according t o  the procedure of Oluck, e t  al. (8). The acetone-precipitated fraction 
was dissolved in chloroform, applied to silica HR thin layer chromatyrams, and the 
ohomholioids seoarated em~lovine the solvent svstem chloroform:methanol:acetic e r  7 . . -  
acid:water (125:i5:20:10). Following chromatograph< the thin-layer plates were dried in 
air and the phowholipids were localized by exposure to iodine vapors. The phospholipid 
was quantified by thi method of Parker and Peterson (17) as modified by Jimenez, e t  al. 
(12). 

The specific activity of P A P a s ~ ~ w a s  determined in samgles of amniotic and 
tracheal fluid by assaying the release of P orthophosphate from P phosphatidic acid 
employing the procedure described by Spitzer and Johnston (24). This method has been 
shown to be reliable for the measurement of PAPase activity in human amniotic fluid and 
gastric aspirates (10). 

RESULTS 

The mean specific activity of PAPase a t  various stages of gestation in 58 
samples of fetal tracheal fluid and 55 samples of amniotic fluid are presented in Pigure 
1. The specific activity of PAPase in amniotic fluid did not change significantly 
t)mughout pyFancy ,  the mean value being 57.2 k6.10 (t S.E.M.) nmoles PO released.mg 
- protein.hr . On the other hand the specific activity of PAPase in fetal &acheaJ fluld 
began 17 rise after 111 days, increasing from a mean of 66 nmole PO released.mg pro- 
tein.hr between 101 to 110 days to 107 a t  111 to 120 days (p < 0.65), reaching a value 
of 277 a t  131 t o  140 days gestation (p < 0.001). In 34 instances paired and simultaneou9ly 
obtained samples of amniotic fluid end fetal tracheal fluid were available. Twenty nine 
of the paired samples (85%) were obtained after 111 days gestation. The values for 
PAPase specific activity obtained from these samples are presented in Pigure 2. There is 
a nearly 3-fold higher specific activity in tracheal fluid than in amniotic fluid, 169 t 24 
(Mean tS.E.M.1 and 63 t 8.2, respectively (p < 0.001, paired t test). 

In order to  describe the changes in the composition of the glycerophospholipids 
in ovine fetal tracheal fluid we measured the concentrations of disaturated lecithin (DS- 
L) and total phospholipid (TPL) in 55 samples. These dnta are presented in Figure 3 as 
the ratio of the concentrations of DSL and TPL and are plotted as a function of 
gestational age in days. There is a sharp rise in the DSLITPL ratio that occurs between 
121 and 130 days, increasing from a mean value of 0.07 a t  < 110 days to 0.29. By 131 to 
135 days the mean ratio is 0.50. We were able to  compare this to  the LIS ratio 
determined on 36 amniotic fluid samples obtained from 65 to 149 days of gestation. In 
contrast to  the rise in the DSLITPL ratio found in fetal tracheal fluid, there was no 
change in the amniotic fluid LIS ratio: the mean value (t S.E.M.) durinu preenancv was 

In Figure 4 the cumulative data for fetal tracheal PAPase specific activity and 
DSLITPL ratio are  presented to illustrate their relationship during normal ovine 
pregnancy. The rise in PAPase specific activity preceeds or is concomitant with a 
parallel rise in the DSLITPL ratio, the former rising after 111 days gestation and the 
latter after 120 days gestation. This relationship is illustrated further in a chronically 
instrumented fetus studied longitudinally from 119 t o  141 days gestation and is presented 
in the insert in Figure 4, each point representing the average value for a 5 day period. 
As observed in the cumulative data there are parallel increases in PAPase specific 
activity and the DSLITPL ratio in the fetal tracheal fluid, the rise in the former 
preceding that of the latter. 

DISCUSSION 

The chronically instrumented pregnant sheep employed in this investigation 
provide an excellent animal model for the study of reproductive physiology in a near 
physiologic s tate  (20,21). The lamb fetus can be instrumented and studied in a 
"nonstressedn state  (21). Such an animal model provides a means whereby one can sample 
various maternal or fetal compartments, e.g., blood, amniotic fluid, etc., for extended 
periods. It was the purpose of this investigation to develop a chronically instrumented 
fetal-maternal preparation using the pregnant sheep and to determine the u s e f u l n e ~  of 
this model in the study of lung maturation. The stability of this chronic preparation is 
illustrated bv the data Dresented in the insert in Pimre 4. In this study we were able to 
maintain th; lnstrumenied sheep preparation for 23 days, terminating the pregnancy by 
elective operative delivery of a live fetus. 

Previously we observed that the specific activity of PAPase in fetal rabbit lung 
tissue and in human amniotic fluid increased a t  or before the time of augmented 
surfactant synthesis (10,12,22). These findings were suggestive that the metabolism of 
phosphatidic acid occupies a central position in de nova pathways of phopholipid 
biosynthesis in Lung tissue as  well a s  other tissues T 2 5 ) 1  also was found that the 
specific activity of PAPase in the gastric aspirate or nasopharyngeal secretions of 
neonates a t  birth was greater than that in samples of arnniotic fluid obtained from the 
same infants, a finding that provided strong evidence that the fetal tracheal fluid, i.e. 
fetal lung, is the source of the PAPase activity found in human amniotic fluid (10,12). In 
the present study we found that the specific activity of PAPase in ovine fetal tracheal 
fluid increased dramatically af ter  110 days of gestation; that is, after the completion of 
80% of pregnancy. This time course is similar to that observed in human amniotic fluid, 
where PAPase specific activity rises a t  32 t o  34 weeks, also after the completion of 80% 
of pregnancy (lO,l2). In contrast to  the results of human studies, however, there was no 
significant alteration in the specific activity of PAPase in ovine arnniotic fluid over the 
course of pregnancy studied. None the less, the finding that the specific activity of 
PAPase in ovine tracheal fluid in late pregnancy was three times that of PAPase in 



amniotic fluid is similar to  the relationship found between the PAPase activity in 21. Rosenfeld, CR, Worley, RJ, Milewich, L, Gant, NP, Jr., and Parker, CR, 
nasopharyngeal fluid and amniotic fluid in the human (12). This provides further support Ovine fetal-placental sulfoconjugation and aromatization of dehydroepiandrmter 
for the view that the source of amniotic fluid PAPase activity in the human is the fetal Endocrinology. In Press. 1 
lung. 

22. Schultz, PM, Jimenez, JM, MacDonald, PC, and Johnston, JM: Fetal 1 
In human amniotic fluid (10,12) and fetal rabbit lung (24) the changes in the maturation. I. Phosphatidic acid phosphohydrolase in rabbit lung. Gynecol. Inv 

suecific activitv of PAPase are related in time to the synthesis of surface-active lecithin 5222 (1914). 
inasmuch as the rise in specific activity of PAPase enzyme precedes the lecithin surge or 
the rise in the LIS ratio. In the sheep the amniotic fluid L/S ratio, like the amniotic fluid 
PAPase activity, did not rise as pregnancy advanced, an abo made by 23. Smith, BT, Worthington, D, and Piercy, WN: The relationship of cortisol 

Rethmeier and wert (19). These findings, like thme of the amniotic fluid PAPase 
cortisone to saturated lecithin concentration in ovine amniotic fluid and fetal lung liq 

activity, are  supportive of the view that ovine amniotic fluid is not reflective of fetal 101:104 (1971)' 

tracheal secretions, in contrast to  the human, and, as noted by Adams, et  al. (2), is 
suggestive that in this particular species the majority of fetal tracheal fluid produced is 24. HL3 and Characterization Of phosphatid 
swnllowed. The f i n d i n .  in the ovine fetal tracheal nuid, however, are very similar to phosphohydrolase activity associated with isolated lamellar bodies. Biochim. Biop 

those noted in fetal rabbit lune and human amniotic fluid. After 120 days ~es ta t ion  there 531:275 (1978)' 

is a remarkable surge in the concentration of DS-L, expressed as  t h e  DSLITPL ratio, 
that followed closely and was parallel with the rise in PAPase activity (Figure 4). This 
surge in the DS-LITPL ratio in fetal tracheal fluid occurred at  the same time in 
pregnancy as the previously reported increases in surfactant activity in ovine fetal 
tracheal fluid and lung tissue homogenate when expressed as  either disaturated lecithin 
concentration (6,23), surfactant flux (16). or surface tension (1,14). The intimate 
relationship betwen PAPase and the DS-LITPL ratio in ovine fetal tracheal fluid is 
documented further by the results of the longitudinal study (insert Figure 4). As noted 
earlier regarding PAPase activity, the change in the DS-L/TPL ratio occurs after the 
completion of 80% of normal ovine pregnancy, the same time in human pregnancy when 
the amniotic fluid PAPase activity and LIS ratio Increase. Thus, the findings of this 
study are supportive of the conclusion that the PAPase activity in tracheal fluid is a 
reflection of the increase in phospholipid synthesis occurring in fetal lung tissue; that the 
developmental characteristics of ovine fetnl lung may be similar to those of the human; 
and finally, that the chronically instrumented animal model employed in these 
ex~eriments  mav be useful in further evaluation of factors influencine fetal lune 

25. Vaurecka, M, Mitchel, MP, and Hubscher, G: The effect of starvation on 
incorporation of palmitate into glycerides and phospholipids of rat liver homogena 
Biochem. J. 115:139 (1969). 
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Further studies now are necessary t o  evaluate the changes in the composition of 
surfactant that normally occur among the individual phospholipids in ovine fetal tracheal 
fluid, especially in view of recent observations that are supportive of an important role 
for phosphatidylglycerol in lung maturation (7,9). 
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GESTATIONAL AGE (DAYS) 

Figure 1. Changes in the specific activlty of PAPase in amniotic (0) and fc 
tracheal (0) fluids during ovine pregnancy. The mean t S.E.M. are presented. Anal- 
was by unpaired t-test. For tracheal fluid samples n=4 a t  91-100 days, n=5 a t  101- 
days, n=34 a t  111-120 days, n=9 a t  121-130 days. and n=6 a t  131-144 days. 

AMNIOTIC TRACHEAL 
FLUID FLUID 

Figure 2. The difference in the specific activity of PAPase in 34 paired sample! 
amniotic and fetal tracheal fluids (Meant S.E.M.). 

892 



'p<0.001 when compared 
to 111-120 days  

0- 
105-110 111-120 121.130 131-135 

GESTATIONAL AGE (DAYS) 

-e 3. Changes in the ratio of disaturated lecithin t o  total phospholipid (DS 
'L) In fetal tracheal fluid during ovine pregnancy (Mean i S.E.M.). Analysis was by 
ired t-test. At 105-110 days n.6, 111-120 dnys n=29, 121-130 days n.16, and 131-135 
n=4. 

~ y r i g h t  O 1980 Internat ional  Research Founda t ion ,  Inc 
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GESTATIONAL AGE (DAYS) 
Figure 4. Relationship between the changes in PAPase specific activity and the 
ratio of disaturated lecithin to total phospholipid (DS-LITPL) in fetal tracheal fluid 
during normal ovine pregnancy (Mean i S.E.M.). Longitudinal data obtained from a 
chronically instrumented fetus, 119 to 141 days, are  illustrated in the insert. 
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