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Alterations in fetal and placental deoxyribonucleic acid 
synthesis rates after chronic fetal placental embolization 
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OBJECTIVE: Fetal growth and development are closely related to normal placental growth and function. 
We performed a study to determine the effect of a 10-day period of fetal hypoxemia induced by 
umbilical-placental hypoperfusion on tissue deoxyribonucleic acid synthesis rates in the 0.84 to 0.91 of 
gestation ovine fetus and placenta. 
STUDY DESIGN: Daily fetal placental embolization was performed in four chronically catheterized sheep 
fetuses until fetal arterial oxygen content decreased by -30% compared with preembolization values. 
Five control fetuses received vehicle only. On experimental day 10, the deoxyribonucleic acid synthesis 
rate was determined by injecting tritiated thymidine (1 mCi/kg) intravenously approximately 8 hours 
before the end of the study. 
RESULTS: Fetal arterial oxygen decreased from 3.2 - 0.1 (SEM) mmol/L preembolization to 2.2 -+ 0.2 
mmol/L on day 10 (p < 0.001) and remained unchanged in controls. On day 10 deoxyribonucleic acid 
synthesis rates were significantly reduced in embolized fetuses compared with controls, by 38% in 
cotyledons (83.0 -+ 15.1 vs t33.7 + 9.9 disintegrations/min/~g deoxyribonucleic acid, p < 0.05), 28% in 
the left ventricular wall (36.8 - 3.7 vs 51.0 -+ 4.7 disintegrations/min/#g deoxyribonucleic acid, p < 0.05), 
and 45% in the quadriceps muscle (15.4 _+ 4.0 vs 28.1 _+ 3.0 disintegrations/min/l~g deoxyribonucleic 
acid, p < 0.05). Tritiated thymidine autoradiography demonstrated that cotyledonary deoxyribonucleic 
acid synthesis occurred exclusively in the fetal trophoblasts cells. 
CONCLUSION: We concluded that a reduction in cotyledonary, quadriceps muscle, and left ventricular 
myocardium deoxyribonucleic acid synthesis rates are the earliest adaptive mechanisms of fetal growth 
associated with development of umbilical-placental insufficiency. We speculate that alteration in the 
myocardial deoxyribonucleic acid synthesis rate could be a major contributing factor in the deterioration 
of fetal myocardial function associated with increased placental vascular resistance. (AM J OBSTET GYNECOL 
1995;172:1451-8.) 
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Fetal growth and development  are closely related to 
normal  placental growth and function. It has been shown 
that fetal placental  embolization by latex microspheres is 
associated with progressive fetal hypoxemia and changes 
in umbilical artery Doppler  flow velocity waveforms sug- 
gestive of  an increase in placental vascular resistance 
similar to that observed in pregnancies complicated with 
intrauterine growth retardat ion (IUGR). 1.2 It is not clear 
yet how and to what extent  fetal and placental  growth 
would be altered during the development  of umbilical- 
placental  hypoperfusion.l '  3 Changes in cellular growth 
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can be assessed in vivo by measuring tritiated thymidine 
incorporat ion into deoxyribonucleic acid (DNA), which 
allows measurement  of the DNA synthesis rate in tis- 
sues.4, 5 To improve our unders tanding of the growth and 
development  of the fetal-placental unit during the early 
stage of placental  insufficiency, we performed a study to 
determine the effect of chronic fetal placental emboliza- 
tion on tissue DNA synthesis rates in the late-gestation 
ovine fetus and placenta. 

Material and methods 

Surgical procedures. Nine singleton fetal lambs of 
mixed breed (n = 4 in the embolized group, n = 5 in 
the control group) were p repared  surgically between 
118 and 121 days of gestation (term 147 days). After 
induction of  anesthesia with 600 mg of intravenous 
thiopenthal  sodium (Abbott Laboratories, Montreal, 
Canada) ewes were intubated and maintained on a 
closed-circuit anesthesia system with 0.5% to 1.5% hal- 
othane (Halocarbone Laboratories, North August, S.C.) 
and a 50:50 (vol/vol) mixture of oxygen and nitrous 
oxide, with a flow rate between 2 and 3 L/rain. The 
uterus was exposed and a hind limb was exteriorized. 
Polyvinyl catheters (V4, Bolab, Lake Havasu City, Ariz.) 
were inserted through the fetal femoral artery into the 
descending abdominal  aorta, with the catheter tip ap- 
proximately 2 cm below the renal  arteries and 1 to 2 cm 
above the common umbilical artery, and into the infe- 
rior vena cava through the femoral vein. The  correct 
posit ion of  the fetal catheters was confirmed at the 
pos tmor tem examination. A polyvinyl catheter  (V11, 
Bolab) was sutured to the exterior of the fetal hind limb 
to record amniotic pressure. Teflon-coated stainless 
steel wire electrodes (Cooner, Chatsworth, Calif.) were 
sewn into the myometr ium for continuous recording of 
uterine electromyographic activity, as previously de- 
scribed. 6 All catheters were exteriorized through the 
flank of the ewe, and the abdomen was closed in layers. 
Polyvinyl catheters (Vl l ,  Bolab) were placed into the 
femoral artery and vein of the ewe. At surgery and for 
3 days thereafter the ewes received intramuscular injec- 
tions of 4 ml of 200,000 IU of sodium penicillin G and 
250 mg of  dihydrostreptomycin/ml (Pen-di-Strep, Ro- 
gar, London, Canada). In addit ion 1 ml of 1,000,000 IU 
of penicillin G (Crystapen, Ayerst, Montreal) was in- 
jected daily for 3 days into the fetal femoral vein and 
into the amniotic sac. 

After surgery the ewes were housed in individual 
metabolic cages, with hay and water available ad libi- 
tnm. They were maintained on a 19-hour l ight-dark 
cycle and were allowed at least 4 days to recover from 
surgery before the experiments  began. The study was 
approved by the Animal Care Committees of St. 
Joseph's  Health Centre and the University of Western 
Ontario in accordance with the guidelines of the Cana- 
dian Council on Animal Care. 

Exper imenta l  protocol .  On the fourth day after re- 
covery (range 122 to 125 days) animals were assigned 
randomly to either an embolized (n = 4) or a control 
group (n = 5). The  chronic fetal placental embolization 
was performed according to the protocol we recently 
described. ~ Briefly, nonradiolabeled carbonized latex 15 
~m microspheres suspended in dextran and diluted with 
sterile saline solution (0.1 ml ofmicrospheres  in 0.9 ml of 
saline so lu t ion- -  1.83 × 106 microspheres/mL) were 
sonicated and injected through the descending aorta 
into the experimental  fetuses every 15 minutes in boluses 
over a 2-hour per iod (10 AM t o  12 noon). Microspheres 
were injected daily for 10 days, and the number  of micro- 
spheres injected was adjusted to decrease the fetal arte- 
rial oxygen content (Cao2, in millimoles per  liter) by 30% 
to 35% of  the preemholization value. Control fetuses 
were injected over the same per iod with the vehicle di- 
luted in sterile saline solution. Paired maternal  (3.0 ml) 
and fetal (3.0 ml) femoral arterial blood samples were 
taken daily at 9 AM for measurement  of glucose, lactate, 
oxygen content, Po 2, Pco2, pH, and hematocrit.  During 
the 2-hour daily embolization per iod 0.5 mL of fetal 
arterial blood was taken every 15 minutes between suc- 
cessive embolizations to measure arterial gases and oxy- 
gen content until fetal Cao 2 was 30% to 35% below con- 
trol values. The animals were then allowed to recover 
until the next day. A fetal arterial blood sample was taken 
at 4 PM each day to evaluate recovery. 

On day 10, tritiated thymidine (New England 
Nuclear, Dupont, Mississauga, Ontario) was injected 
into the fetal femoral vein at a dose of 1 mCi/kg of 
estimated fetal weight, as previously described. 4 Eight 
hours later the ewe was killed, and the uterus and its 
contents were removed, dissected, weighed to the near- 
est 0.001 gm with an electronic weight scale (model 
PC440, Mettlar, Zurich, Switzerland), and calculated in 
grams per  ki logram of body weight. The following fetal 
tissues were analyzed: brain (frontal cortex), adrenals 
(whole gland), kidneys (upper halt), right and left ven- 
tricles (lower half of each ventricular wall), small intes- 
tine (jejunum), lungs (right middle lobe), quadriceps 
muscle (middle portion), r ight (beside the base of the 
gall bladder)  and left (middle portion) lobes of the liver, 
thymus (whole gland), and cotyledons (six large cotyle- 
dons centrally located near the main branch of the 
umbilical cord). Tissues were immediately flash-frozen 
in liquid nitrogen and stored at - 70 ° C for biochemical 
analysis. For histologic studies and trit iated thymidine 
autoradiography selected tissues were fixed by immer- 
sion in a fixative (4% paraformaldehyde and 0.2% 
glutaraldehyde in 70 mmol/L phosphate  buffer, pH 
7.0), processed, and embedded  in paraffin by standard 
techniques. 

Analytic measurements. Maternal and fetal arterial 
blood samples were drawn into heparinized syringes 
and placed on ice. Fetal arterial Po 2, Pco 2, and pH were 
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measured in a blood gas analyzer (ABL3, Radiometer, 
Copenhagen) with measurements corrected to a mater- 
nal and fetal temperature of 39 ° C and 39.5 ° C, respec- 
tively. Arterial oxygen saturation and hemoglobin were 
measured in duplicate with an OSM 2 hemoximeter 
device (Radiometer). Oxygen content was calculated 
with a capacity of 1.34 ml of oxygen per gram of 
hemoglobin. Whole blood glucose and lactate measure- 
ments were made in triplicate with membrane-bound 
glucose oxidase and D-lactate dehydrogenase, respec- 
tively (model 23A, Yellow Springs Instrument, Yellow 
Springs, Ohio). 

Determination of fetal tissue DNA and protein 
concentration. Tissues (0.5 gm) were homogenized in 
phosphate buffer (2 mol/L sodium chloride, 50 mmol/L 
ethylenediaminetetraacetic acid, pH  7.4), centrifuged at 
2500 revolutions/rain for 5 minutes, and supernatant 
was assayed for protein and DNA. The protein concen- 
tration was assayed with the BioRad method and ex- 
pressed as milligrams of protein per gram of tissue wet 
weight. The concentration of DNA was assayed with the 
fluorometric method 7 and expressed as milligrams of  
DNA per gram of tissue wet weight. 

Tritiated thymidine incorporation. Tissue DNA syn- 
thesis rates were estimated by a previously described 
method2 Briefly, fetal tissue samples were homogenized 
in 5% trichloroacetic acid and then an aliquot of  each 
homogenate was centrifuged at 2500 revolutions/rain 
for 5 minutes. The pellet was washed by fresh 5% 
trichloroacetic acid, and after centrifugation the pellet 
was dissolved in perchloric acid (0.5 mol/L) at 90 ° C for 
15 minutes. The supernatant was added to 5 ml of 
liquid scintillation fluid (American Chemical Society) to 
determine the amount of radioactivity (disintegrations 
per minute per milliliter of  supernatant). The concen- 
tration of DNA was measured by the fluorometric tech- 
nique. 7 The mass of DNA per gram of tissue was 
calculated according to the dilution of each sample 
aliquot and to the mass of tissue originally homog- 
enized. The relative incorporation of the tritiated thy- 
midine into DNA was determined from the concentra- 
tion of  radioactivity (disintegrations per milliliter) and 
from the concentration of  DNA (micrograms per milli- 
liter) in each sample aliquot (disintegrations per micro- 
gram of DNA). 

Cotyledonary tissue histologic studies, immunohis- 
tochemistry, and tritiated thymidine autoradiogra-, 
phy. Tissue sections (0.5 ~zm) of  cotyledons were 
stained with hematoxylin and eosin and visualized un- 
der bright field microscopy to localize microspheres 
and assess tissue damage. Tissue sections were stained 
with an antiserum against cytokeratin (panqctokeratin, 
DAKO, Glostrup; 1:2500), specific to trophoblast cells, 
by use of the avidin-biotin-peroxidase method befor 
coating with photoemulsion, s Tritiated thymidine auto- 
radiography was determined with cotyledonary tissue 

.-.. 3.5 

.--I 

3.0 

E ~ 2 . 5  

r~  2 . 0  

1.5 

25 

"1" 
E 
E 20 

0 

15 

s4 s k 

v}'v} 

0 1 2 3 4 5 6 7 8 9 10 

E x p e r i m e n t a l  Day  

Fig. l. Fetal femoral Cao2, Po2, and pH (mean _+ SEM) be- 
fore and during daily fetal placental embolization (closed circles, 
n = 4) or controls (open circles, n = 5). For each experimental 
day first symbol indicates preembolization value ( -  9 AM), second 
symbol end-of-embolization value (12 noon), and third symbol 
recovery ( -  4 PM). Asterisk, Control values significantly greater 
than in embolized group (p < 0.05). 

sections (0.5 txm) coated with photoemulsion (NTB-3 
nuclear track emulsion) and exposed for 4 weeks at 
4 ° C, developed with D-19, fixed, stained with hema- 
toxylin and eosin, and mounted with Permount. Tissues 
were visualized under both bright and dark field mi- 
croscopy. 

Data analysis. Changes in fetal blood gases, glucose, 
and lactate were analyzed with a two-way correlation 
matrix analysis of variance with repeated measures 
(BMDP 2V, BMDP Statistical Software, Los Angeles) 
comparing the effect of time, group (embolized vs 
control), and interaction between group and time. If a 
significant effect of group or time was observed 
(p < 0.05), within-animal comparisons were conducted 
by multiple comparison Tukey's t test 9 and between- 
group comparisons with unpaired t tests with BMDP 
3D. Comparisons of body and tissue weights, tissue 
DNA contents, and relative tissue DNA synthesis rates 
between embolized and control fetuses were made with 
unpaired t tests. All results are presented as 
means +- SEM for the number of fetuses studied. 



1454 Gagnon et al. May 1995 
Am J Obstet Gynecol 

Table I. M a t e r n a l  a n d  fetal  a r te r ia l  gases, glucose, a n d  lacta te  c o n c e n t r a t i o n s  
I 

Day 1 (preembolization) [ Day 10 (postembolization) 

Embolized (n = 4) Control (n = 5) I Embolized (n = 4) Control (n = 5) 

Maternal 
Caoz (mmol/L) 6.23 -+ 0.47 5.95 4- 0.16 5.40 -+ 0.41 5.47 - 0.68 
Po 2 (ram Hg) 115.2 -+ 8.8 110.9 -+ 5.9 109.6 _+ 9.9 116.3 + 2.1 
Pco2 (mm Hg) 31.9 _+ 1.1 33.4 -+ 1.5 37.5 -+ 1.4 33.8 -+ 1.6 
pH 7.46 -+ 0.02 7.49 _+ 0.01 7.42 -+ 0.01 7.43 + 0.01 
Glucose (mmol/L) 2.63 4- 0.21 2.65 +- 0.13 2.57 -+ 0.08 2.57 -+ 0.15 
Lactate (mmol/L) 1.03 --+- 0.34 0.90 -+ 0.21 1.22 -+ 0.63 0.86 -+ 0.12 

Fetal 
Caoz (mmol/L) 3.23 + 0.15 3.35 -+ 0.18 2.18 + 0.19" 3.04 4- 0.19 
Po 2 (mm Hg) 24.2 -+ 1.0 23.4 + 1.1 18.0 + 1.0f 22.6 + 1.1 
P c o  2 (mm Hg) 47.0 _+ 2.1 50.6 --- 1.7 50.5 -+ 0.8 52.4 + 0.3 
pH 7.36 -+ 0.02 7.34 -+ 0.01 7.31 -+ 0.015 7.31 -+ 0.01 + 
Glucose (mmol/L) 1.04 _+ 0.18 1.10 -+ 0.12 0.93 -+ 0.07 1.04 - 0.21 
Lactate (mmol/L) 1.91 _+ 0.54 1.55 -+ 0.14 1.39 _+ 0.10 1.98 + 0.26 
Hemoglobin (gm/dl) 8.6 -+ 0.3 9.3 +- 0.5 9.3 + 0.9 10.6 -+ 1.0 

*p < 0.01, compared with control. 
tp  < 0.05, compared with control. 
Sp < 0.05, compared with day 1. 

Table I I .  Fetal  t issue weights  

Tissue weights (gm) Tissue weights (gm/kg body weight) 

(n = 4) Control (n = 5) Embolized (n = 4) [ Control (n = 5) Tissue Embolized 
I 

Brain 53.2 -+ 2.5 48.2 4- 3.6 11.5 -+ 0.7 11.6 + 1.3 
Heart 37.8 -+ 5.4 30.9 -+ 1.2 8.0 4- 0.7 7.4 -+ 0.5 
Thymus 4.6 -+ 0.3 5.3 -+ 0.9 3.0 -+ 0.4 4.3 + 0.2 
Lungs 121.1 _+ 2.5 130.2 -+ 16.6 26.2 - 1.7 30.2 -+ 1.9 
Thyroid gland 0.9 + 0.1 0.9 + 0.1 0.19 _+ 0.0 0.23 4- 0.03 
Liver 131.0 -+ 7.0 126.6 -+ 6.0 28.6 -+ 3.1 29.6 -+ 2.2 
Adrenals (combined) 0.60 + 0.01 0.42 -+ 0.08 0.14 -+ 0.01 0.10 + 0.02 
Kidneys (combined) 27.3 -+ 2.4 27.3 +- 1.6 5.0 -+ 0.3 6.7 4- 0.7 
Cotyledons 375.4 4- 24.1 373.0 -+ 9.8 84.0 _+ 2.0 89.8 - 6.9 

Results 

Fetal blood gases, glucose, and lactate. After  the  

onse t  o f  fetal  p l acen ta l  e m b o l i z a t i o n  the  m e a n  fetal  

Cao 2 d e c r e a s e d  f rom p r e e m b o l i z a t i o n  va lue  of  

3.23 -+ 0.15 m m o l / L  to 2.27 -+ 0.08 m m o l / L  at  the  e n d  

of  e m b o l i z a t i o n  p e r i o d  o n  day 1, wh ich  was lower t h a n  

the  3 .40 + 0.06 m m o l / L  in con t ro l s  (p < 0.001,  Fig. 

1, A). A l t h o u g h  e m b o l i z e d  fetuses  always b e c a m e  hyp-  

oxemic  wi th  ch r on i c  repe t i t ive  e m b o l i z a t i o n  (analysis o f  

var iance ,  g r o u p  effect p < 0.001,  t ime  effect p < 

0.001), t h e r e  was par t i a l  recovery in fetal  o x y g e n a t i o n  

the  fol lowing m o r n i n g .  C h a n g e s  in fetal  a r te r ia l  Po 2 

pa ra l l e l ed  c h a n g e s  obse rved  in Cao 2 (Fig. 1, t op  a n d  

middle) .  T h e r e  was a m o d e s t  b u t  s igni f icant  fall in fetal  

a r te r ia l  p H  over  t ime  in b o t h  con t ro l  a n d  e m b o l i z e d  

fetuses (analysis of  var iance,  t ime  effect p < 0.001,  

Fig. 1, b o t t o m )  f rom a m e a n  p H  of  7.36 - 0 .02 o n  day 

1 to 7.31 +- 0.01 o n  day 10, a n d  t h e r e  was n o  signifi- 

can t  d i f fe rence  be t w een  the  embo l i zed  a n d  con t ro l  

fetuses.  Feta l  a r te r ia l  Pco 2, m a t e r n a l  b l o o d  gases, a n d  

fetal  a n d  m a t e r n a l  g lucose  a n d  lac ta te  c o n c e n t r a t i o n s  

r e m a i n e d  u n c h a n g e d  t h r o u g h o u t  the  s tudy p e r i o d  

(Table  I). Feta l  lac ta te  levels were  var iab le  be tween  

animals ,  Over  the  10-day s tudy p e r i o d  in the  embo l i zed  

g r o u p  fetal  p l a s m a  lacate levels inc reased  in two fetuses  

a n d  d e c r e a s e d  in two. In  the  con t ro l  g r o u p  fetal  lac ta te  

levels i nc reased  in t h r e e  an ima l s  a n d  d e c r e a s e d  in the  

o t h e r  two animals .  

Fetal weight and tissue weights. T h e  m e a n  gesta-  

t iona l  age  of  fe tuses  s tud ied  o n  day 10 a f te r  the  onse t  

of  embo l i za t i on  was 134.4 _+ 0.5 days in  cont ro l s  a n d  

133.3 + 0.9 days in embo l i zed  an imal s  ( t e rm  147 days). 

T h e  m e a n  fetal  body  we igh t  was 4.3 -+ 0.3 kg  in con t ro l  

fetuses,  which  was no t  s ignif icantly d i f fe ren t  f rom 

4.7 -+ 0.3 kg  in embo l i zed  fetuses.  Fetal  o r g a n  weights  

a n d  o r g a n  weight / fe ta l  body  we igh t  ra t ios  (g rams  p e r  

k i log ram of  body  weight )  are  s u m m a r i z e d  in  T a b l e  

II. A l t h o u g h  a d r e n a l  g l and  weights  a n d  a d r e n a l  

g l and /body  we igh t  ra t ios  of  h y p o x e m i c  fetuses were  

40% g r e a t e r  t h a n  those  o f  cont ro l s  a n d  thymus  g l and /  

body  weigh t  ra t ios  were  30% smaller ,  t he  d i f fe rence  d id  

no t  r each  statistical s ignif icance because  of  the  small  

n u m b e r  of  an ima l s  s tudied.  

Tissue DNA content and DNA synthesis rate. Tis- 
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Fig. 2. Tissue DNA synthesis rates collected from fetuses after either 10-day period of daily fetal 
placental embolization (closed bars) or 10-day control period (open bars). Asterisks, DNA synthesis rates 
in tissues from embolized fetuses that are significantly less than control (p < 0.05). 

sue DNA contents (milligrams of DNA per gram of tis- 

sue) were not significantly different in tissues from embo- 
lized fetuses compared with those from control fetuses 
(Table III). However, DNA synthesis rates were signifi- 

cantly reduced in embolized fetuses by 38% in cotyledons 
(83.0 -+ 15.1 vs 133.7 - 9.9 disintegrations/mitring 
DNA, p < 0.05), 28% in the left ventricular wall 

(36.8 + 3.7 vs 51.0 -+ 4.7 disintegrations/min/~zg DNA, 
p < 0.05), and 45% in the quadriceps muscle 
(15.4 + 4.0 vs 28.1 - 3.0 disintegrations/min/p~g DNA, 

p < 0.05) (Fig. 2). There was no significant effect of 
embolization on DNA synthesis rates in any of the other 

tissues studied (control values were as follows: 

37.0 + 4.3 disintegrations/min/~g DNA in adrenals, 
30.6 -+ 3.3 disintegrations/min/~g DNA in the cere- 
bral cortex, 72.1 -+ 13.5 disintegrations/min/~g DNA 
in the kidneys, 51.0 - 7.4 disintegrations/min/~g DNA 
in the right ventricular wall, 79.7 + 10.9 disintegra- 
tions/min/p,g DNA in the small intestine, 349.5 -+ 40.1 
disintegrations/min/~g DNA in the left lobe of the liver, 
435.6 -+ 61.0 disintegrations/min/~g DNA in the right 
lobe of the liver, 54.5 -+ 9.9 disintegrations/min/~g DNA 
in the lungs, and 152.6 + 24.9 disintegrations/min/~zg 
DNA in the thymus). 

Cotyledonary histologic studies and tritiated thy- 
midine autoradiography. Fig. 3 is a typical example of 
histologic changes at the syndesmochorial fetomaternal 
interface in sheep cotyledons of a control fetus (Fig. 
3, A) and embolized cotyledon (Fig. 3, C). In the 

Table III .  Fetal tissue DNA content 

(milligrams of DNA per gram of tissue) 

EmboIized I Control 
Tissue (n = 4) (n = 5) 

Adrenals (com- 5.71 + 0.57 4.79 __+_ 0.40 
bined) 

Cotyledons 4.13 _+ 0.24 4.19 + 0.18 
Cerebral cortex 1.14 + 0.03 1.11 -+ 0.02 
Kidneys (combined) 5.45 -+ 0.36 5.29 -+ 0.34 
Left ventricle 3.62 -+ 0.07 3.20 + 0.17 
Right ventricle 2.91 -+ 0.05 3.38 - 0.27 
Small intestine 5.87 + 0.29 6.05 + 0.34 
Liver, left lobe 5.09 -+ 0.69 5.24 -+ 0.50 
Liver, right lobe 5.03 + 0.81 4.95 + 0.29 
Lungs 5.62 + 0.67 5.40 - 0.61 
Quadriceps muscle 2.99 + 0.28 2.79 -+ 0.09 
Thymus 27.03 - 0.60 27.33 - 1.75 

four embolized animals studied all microspheres were 
lodged in the fetal side of the placental microcircula- 
tion, and there was no evidence of inflammatory reac- 
tion or infarcts induced by the microspheres (Fig. 3, C). 
There were no microspheres on the maternal side of 
the placenta. In addition, tritiated thymidine autoradi- 
ography of the same tissue sections (Fig. 3, B through 
D) demonstrated that tritiated thymidine incorporation 
occurred almost exclusively in the trophoblast cells, as 
indicated by positive immunoreactivity to cytokcrafin in 
both control and embolized fetuses. The apparent  re- 
duction in radiolabeled nuclei was distributed evenly 
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Fig. 3. Photomicrographs of syndesmochorial fetomaternal interface in sheep cotyledons of control 
fetus (A) and embolized cotyledon (C). Tritiated thymidine autoradiography (B, D) illustrates that 
radiolabeled nuclei are identified exclusively in trophoblast cells (small arrows). Tritiated thymidine 
incorporation appears to be reduced in cotyledon of embolized animal (D) compared with control (B). 
Identity of trophoblast cells was confirmed with cytokeratin immunoreactivity. F, Fetal compartment; 
M, maternal compartment; m, microspheres; t + arrows, trophoblast cells with tritiated thymidine 
incorporation; t + arrowhead, trophoblast cells without tritiated thymidine incorporation. 

throughout the cotyledon, and the same pattern was 
observed in the four embolized fetuses. These observa- 
tions suggested that the decrease in the cotyledonary 
DNA synthesis rate was most likely because of a reduc- 
tion in DNA synthesis in the trophoblasts, resulting 
from a decrease in umbilical-placental perfusion and 
oxygen delivery to the trophoblast cells. 

Comment 

The current experimental model was designed to 
produce a decrease in fetal oxygenation by decreasing 
umbilical-placental perfusion. Clapp et al? ° embolized 
the uterine circulation in the pregnant ewe to induce 
IUGR. They observed a significant reduction in fetal 
growth only in the animals where a decrease in umbili- 
cal-placental blood flow occurred, suggesting that um- 
bilical-placental hypoperfusion is a prerequisite to a 

decrease in fetal growth. 1° Although it is not known 
what causes umbilical-placental hypoperfusion and 
IUGR, several studies on placental histologic character- 
istics have demonstrated that the only consistent find- 
ing in pregnancies complicated with IUGR and abnor- 
mal umbilical artery Doppler flow velocity waveforms is 
a decrease in the number and surface area of the small 
arterioles in the tertiary stem villi. TM 12 Large placental 
infarcts and extensive tissue damage occurred only in a 
small proportion of growth-retarded fetuses. 1~ 

In the current study placental histologic studies dem- 
onstrated that microspheres obliterated only the small 
arterioles of the fetal side of the syndesmochorial sheep 
placenta (Fig. 3) and did not produce placental infarcts, 
inflammatory reaction, or tissue damage, therefore cre- 
ating conditions analogous to the human placenta in 
the majority of pregnancies complicated with IUGR 
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and placental insufficiency. Whether recovery in fetal 
oxygenation after daily embolization was because of 
opening of placental blood vessels that are normally 
present but hemodynamically inactive or a remodelling 
of the placental microcirculation induced by the micro- 
spheres remain to be determined, because umbilical 
blood flow was not measured. The progressive fall in 
fetal Cao 2 and Po 2 with partial recovery until day 9 of 
embolization (Fig. 1) was similar to our previous study ~ 
and supports the concept of  a placental reserve that 
might play an important role to prevent deterioration 
of the fetal metabolic status in the early stage of  pla- 
cental insufficiency. 

Fetal organ weights, placental weight, placental/body 
weight ratio, or fetal organ/body weight ratios were not 
significantly altered after 10 days of embolization. Simi- 
lar observations have also been made by Trudinger et 
al. 2 In an experimental model in which fetoplacental 
hypoperfusion was created by a prolonged reduction in 
maternal uterine blood flow for 21 days Lang et al/3 
have also demonstrated that the reduction in fetal 
weight and fetal organ weights occur only if the restric- 
tion in uteroplacental blood flow is initiated at approxi- 
mately 115 days' gestation and not at 125 days' gesta- 
tion. It is therefore becoming evident that the process 
leading to placental insufficiency must develop over the 
course of several weeks and early during gestation, 
before changes in fetal weight and organ weights be- 
come detectable. Our data indicated that the degree of  
fetal hypoxemia was mild to moderate (Po s 4 to 6 mm 
Hg less than controls) and reached a steady state for 
approximately 48 hours before measurements of DNA 
synthesis rates, a duration probably too short to affect 
fetal weight or DNA content. 

By use of a more sensitive method to assess fetal 
growth, such as tritiated thymidine incorporation, we 
were able to demonstrate a reduction in DNA synthesis 
rates and therefore tissue growth predominantly in 
cotyledons (38% less), quadriceps muscle (45% less), 
and, to a lesser extent, in the left ventricular wall (28% 
less). A reduction in quadriceps muscle DNA synthesis 
rate has also been reported after 24 hours of restriction 
of uteroplacental blood flow in the pregnant ewe, 4 and 
a reduction in skeletal muscle DNA concentration has 
been described in human fetuses with IUGR. ~4 There- 
fore a reduction in the DNA synthesis rate in limb 
skeletal muscle appears to be one of the earliest fetal 
growth adaptive mechanisms associated with the devel- 
opment  of placental insufficiency and prolonged hyp- 
oxemia. 

Although in theory injection of  the microspheres into 
the descending aorta of  the fetus would have partially 
embolized the hind limb muscles, 2 we recently used 
radioactive microspheres to measure hind limb skeletal 
muscle and cotyledonary blood flows during acute em- 

bolization sufficient to reduce umbilical blood flow by 
50% (Gagnon, unpublished observations). Under these 
experimental conditions and in spite of a reduction in 
umbilical blood flow by 50%, hind limb skeletal muscle 
blood flow remained unchanged, indicating that this 
technique of embolization would significantly alter only 
umbilical blood flow. These recent observations suggest 
that the reduction in quadriceps DNA Synthesis rate is 
a response to chronic hypoxemia similar to that seen in 
the myocardium, also a skeletal muscle, rather than to 
changes in blood flow. 

Because hypobaric hypoxia for 3 weeks does not alter 
placental or cotyledonary weight significantly, 1~ as well 
as DNA content, the reduction in the DNA synthesis 
rate in cotyledons may therefore have been related to a 
reduction in cotyledonary blood flow. Tritiated thymi- 
dine autoradiographic studies combined with cytokera- 
tin immunocytochemistry demonstrated clearly that the 
tritiated thymidine incorporation occurred exclusively 
in the fetal trophoblasts of the cotyledons of the ovine 
pregnancy at this gestation. DNA synthesis in fetal 
trophoblasts reflects the repair, replacement, or regen- 
eration of  these cells undergoing natural or pro- 
grammed cell death. Because fetal trophoblasts were 
the cells identified to synthesize DNA almost exclu- 
sively, the reduction in the DNA synthesis rate observed 
in cotyledons occurred in these cell types. If  these 
experimental conditions were maintained for longer 
periods of  time, a decrease in placental weight may 
have occurred. 

The decrease in DNA synthesis rate observed after 10 
days of  embolization in the left ventricular wall may 
represent an adaptation to chronic repeated stress and 
hypoxernia. Block et al? with similar experimental 
conditions reported that myocardial blood flow was not 
different in sheep fetuses after 9 days of fetal placental 
embolization in spite of an approximate 35% decrease 
in arterial oxygen content, similar to the current study. 
Although they did not differentiate between the left and 
right ventricles, their data indicated that the average 
oxygen delivery to the myocardium was 1080 
Ixmol' min - I '  100 gm -~ in control fetuses and 756 
~mol.  min -~. 100 gm -~ in embolized fetuses, which 
was approximately 30% less than controls. Because 
there is a close coupling between myocardial blood flow 
and oxygen consumption and because myocyte prolif- 
eration in the left ventricular myocardium exceeds that 
of the right ventricle, ~ to maintain oxygen consump- 
tion by the developing myocardium in the presence of 
chronic hypoxemia induced by increasing umbilical- 
placental vascular resistance, metabolic requirements 
must decrease. Our data suggested that a decrease in 
the DNA synthesis rate (28% less), as observed in the 
left ventricular wall during placental insufficiency, may 
be an important adaptive mechanism to maintain myo- 
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cardial oxidative metabolism and function at the ex- 
pense of myocyte proliferation in the presence of 
chronic hypoxemia resulting from placental insuffi- 
ciency. However, eventually this adaptive mechanism 
may have deleterious effects. A decrease in the myocar- 
dial DNA synthesis rate could contribute significantly to 
the progressive deteriorat ion in myocardial  function 
repor ted  in the human fetus during the progression of 
placental  insufficiency, when there is redistribution of 
the fetal cardiac output  from a right ventricular pre- 
dominance to a left ventricular predominance.  17 In 
addition, recent  epidemiologic studies from Barker and 
Osmond ~s indicate an increased risk of  ischemic heart  
disease in adults who had a low birth weight, suggesting 
that a decreasing placental function could have conse- 
quences on myocardial  function and development  be- 
yond the fetal and neonatal  periods. 

In summary, after 10 days of fetal placental  embo- 
lization and progressive fetal hypoxemia,  DNA synthe- 
sis rates were markedly decreased in t rophoblast  cells of 
cotyledons, quadriceps muscle, and the left ventricular 
myocardium before any changes in tissue DNA content 
or weight were detectable. These were most likely adap-  
tive mechanisms to fetal hypoxia resulting from umbili- 
cal-placental hypoperfusion. The cellular mechanisms 
by which DNA synthesis is selectively reduced in fe ta l  
tissues during progressive placental  insufficiency re- 
main to be determined.  However, norepinephrine,  
which increased progressively during fetal placental 
embolization, l is known to increase insulin-like growth 
factor binding protein-1 messenger RNA levels in 
the liver of the late-gestation ovine fetus. '9 It is also 
established that insulin-like growth factor binding pro- 
rein-1 is an inhibitor of insulin-like growth factor bio- 
logic  action. 2° It is therefore possible that chronic el- 
evation of this catecholamine in the fetus, with the 
development  of placental  insufficiency, could be re- 
sponsible, at least in part,  through its action on insulin- 
like growth factor binding protein-1 gene expression, 
for the reduction in the DNA synthesis rate seen in the 
fetus and placenta. 

We thank Mr. Jacobus Homan for his excellent tech- 
nical assistance. 
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