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Abstract: Norepinephrine and epinephrine were infused into fetal sheep for 24 h to compare the effects 
on fetal heart rate, blood pressure, breathing movements, and tissue growth with those of prolonged 
reductions in uterine blood flow. Norepinephrine concentrations increased ( p  < 0.81) from 871 f '71 
to 6831 f 1090 pg/mL (2 h) with norepinephrine infusion, and epinephrine concentrations increased 
from 3 10 + 95 to 1424 f 288 pg/mL (2 h) with epinephrine infusion. Fetal pH decreased ( p  < 0.01) 
from 7.37 + 0.01 to '7.29 f 0.02 at 0.5 h of the norepinephrine infusion and returned to control values 
by 2 h, whereas fetal lactate concentrations increased ( p  < 0.05) from 1.6 f 0.2 to 4.6 f 1.0 mmol/L 
at 2 h and remained elevated for 12 h. Lactate concentrations also increased with epinephrine infusion. 
Fetal heart rate increased ( p  < 8.05) from 876 f 5 to 246 f 6 and 220 f 6 beatshin in the 1st h of 
norepinephrine and epinephrine infusions, respectively, with a subsequent decline. Fetal blood pressure 
increased ( p  < 0.015) from 43 f 3 and 40 f 2 to 54 f 3 and 47 f 2 m H g  (1 mmHg = 133.3 Pa) 
during the 1st h of norepinephrine and epinephrine infusions, respectively, remaining elevated for 24 h. 
Fetal body weights were not different between the groups s f  animals, although liverlbdy weight ratio 
was less ( p  < 0.85) in epinephrine-infused fetuses (0.030 f 0.001) compared with vehicle-infused 
animals (0.036 f 0.002). There was no change in DNA synthesis rate in any of the fetal organs, 
despite changes in organ-specific DNA and protein content. Our results indicate that the changes in fetal 
cardiovascular and behavioural function, as weU as tissue growth, that occur with prolonged reductions 
in uterine blood flow are not mediated solely by elevated circulating catecholamine csnceMrations. 
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RCsumC : On a perfud dm brebis foetales avec de la norCpin6phrine et de %'6pinCphrine pendant 24 h 
pour comparer leurs effets sur la fr6quence ~ rd i aque ,  la pressisn sanguine, les mouvements 
respiratoires et la eroissance tissulaire avec les effets de dductions prolongks du debit sanguin utCrin. 
Les concentrations de norCpin6phrine ont augment6 de 871 f 71 h 6831 f 1098 pg/mL (2 h) suite B %a 
perfusion de nor6pin$hrine, et %es concentrations d96pin6phrine ont augment6 de 310 f 95 2 1424 f 
288 pg/mL (2 h) suite i3 la perfusion d'einkphrine. Le pH foetal a diminuC ( p  < 0,01) de '737 f 
8,01 B 7,29 f 0,82, 0,5 h apr$s la perfusion de norCpinCphrine, et est retourn6 aux valeurs tCmoins 
pr&s Be 2 h plus tard, alors que %es concentrations de lactate foetal ont augment6 ( p  < 0,05) de 1,6 f 
0,2 h 4,6 f 1,0 moB/L, 2 h aprks la perfusion, et sont demeurCes tlevkes pendant 12 h. h s  
concentrations de lactate ont aaussi augment6 aprbs la perfusion d'Cpin6phrine. La frkquence cardiaque 
foetale a augment6 ( p  < 0,05) de 176 f 5 8 246 f 6 et 220 f 6 batteshin durant la premi&re heure 
de perfusion de nor6pinCphrine et d96pinCphrine, respectivement, et a dirninu6 par Ba suite. La pression 
sanguine foetale a augment6 (p < 0,05) de 43 f 4 et 440 f 2 h 53 f 3 et 47 f 2 mmHg 
(1 mmHg = 133,3 Pa) durant la premi&re heure de perhsion de norCpin6phrine et d'Cpin6phine, 
respectivement, et est demeurke 6lev6e pendant 24 h. Les poids corporels foehux des deux groupes 
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s c k i n g et as. 1 7 5 1

d9anirnaux n90mt pas diffCrC, bien que le rapport p i d s Mpatiqudpoids coporel ait 696 plus faible (p <
0,051 chez les foetus perfuses avec de 1'CpinCphrine (0,030 f 0,BBbaI) comparativement B ceux perhsCs
avec un vChicule (0,036 f 8,W2), Ee taux de synhbse de 19ADN n'a variC dam aucun organe foetal,
mialgrC des variations de la teneur en protCines et en ADN sp6cifiques 2 chaque esrgane. Nos rCsultats
indiquent que, dams le foetus, les variations des rCponses cornpearternentales et cardis-vasculaires, ainsi
que les variations de cresissamce tissulaire provoqu6es par des rCductions proIomgt5es dn &bit samguin
utdrin, we sont pas vChiculCes uniquernemt par des concentrations Clevkes de eatCcholarnines circuliantes.

Mobs. ck% : physiologic foetale, catCcholamines, gestation.
[Traduit par la RCdaetiom]

Introduction
It is well established that acutely induced maternal hypox-
emia in sheep results in an increase in circulating concentra-
tions of catecholmines (Cohen et al. 1982; Jones and
Robinson 1975) within the fetus. The majo source of the ele-
vation in norepinephrine and epinephrine concentrations in
fetal sheep under these conditions is the adrenal medulla
(Cohen et dLB. 1984). Recently, we have investigated the
effects of a prolonged period (24 h) of hypoxemia, secondary
to the n of uterine blood flow (RUBF) in pregnant
sheep on fetal behaviour @locking et al. 1988a), cardio-
vascular responses @oeEng et d. l9886), endocrine ch
(Challis et al. 1989; Hooper et al. 1990), and tissue gr
(Hooper et al. 1991; McLellan et al. 1992). Briefly pro-

n RUBF leads to an initial bradycardia followed by
tachycardia and an initial inhibition of fetal breathing move-
ments (FBMs) followed by a return to normal incidence. The
major effect of RUBF on tissue growth in fetal sheep is a
reduction in DNA synthesis in the fetal lung, thymus gland,
and quadriceps muscl Prolonged F dso leads to a
significant increase in fetal norepinephrine concentrations,
which is sustained for 24 h, and an increase in epinephrine
concentrations, which return to near control values by 18 h
(Hooper et al. 1990).

In this study our aim was, therefore, to determine whether
the cardiovascular, beha~ioural~ and tissue growth changes
that cur in the hypoxemic s p fetus during prolonge
RUBF are mediated through the elevations in circulatin

lmine concentrations. To test this hypothesis, we
infused norepinephrine or epinephrine separately for 24 h
into fetal sheep at approximately 125 days of gestation (term,
147 days) in dosages sufficient to achi concentrations
observed with our previous studies of RUBF (norepine-
phrine, 4000-6000 pg/mL; epinephrine, 1000-1500pg/mL)
(Hooper et al. 1990) and examined the effect on fetal cardio-
vascular function, FBMs, and tissue growth.

Methods
Animal preparation
Surgery was performed using sterile techniques on 15 preg-
nant sheep between 112 and 120 days of gestation, with a
mean age of 114 f 1 (SEM) days. Anesthesia was induced
using intravenously administered thiopental sodium (Abbott
Laboratories, Montreal, Que.) and maintained with 1.0-1.5%
halothane (Halocarbon Laboratories, Hackensack, N.$.) in
oxygen at a flow rate of 5 —6 Llmin. A low midline abdomi-
nal incision was made and the uterus opened. Polyvinyl
catheters (V4, Bolab, Lake Havasu City, Ariz.) were placed

in the fetd carotid artery, jugular vein, and trachea. Cathe-
ters (VI1, d a b ) were dso placed in the amniotic cavity and
maternal femoral vein. All catheters were then exteriorized
through the Wank of the ewe and the uterine and abdominal
wall incisions repaired.

Sodium penicillin G ( 1 0 0 0 U) was infused into the
fetal jugular vein and amniotic cavity at the time of surgery
med ulla daily for the next 3 days. Sodium penicillin G
(800 000 U) and streptomycin (250 mg) were injected intra-

secondaryly into the ewe at the same time intervals. The
animals were then placed in individual cages wi free access
to food and water, and were allowed at least 5 days to
recover from surgery before experiments were conducted.
Al animds were treated in compliance with guidelines estab-
r i e f ly the anadian Council on Animal Care, and accord-
ing to s approved by the Animd Care Committees of
v e - search Institute and The University of Western
Ontario.

aerirmemtal pra~tscsl
ions,ions comeneed at 09:W for all experiments and were
administered through the fetal jugular vein using a Harvard
constant-infusion pump. In 6 animals, norepinephrine was
infused at a rate of 1.0 fig • kg"1 estimated fetal weight •
min - l . In 5 animals, epinephrine was infused at a rate of
0.2% pg • k g - ' estimated fetal weight . min s l . In 4 animds,
0.9% NaCl (vehicle) was administered at a rate of 8.5 m&/h.
Fetd weight was estimated on the basis of previous
determinations of fetal weights for pregnant sheep in our
laboratory (approximately 3 kg at 125 days of gestation).
Continuous recordings of fetal blood pressure (FBP), fetal
heart rate (FHW), tra pressure, and amniotic pressure
were performed throu the infusion eriod. Fetal arterial
blood samples (3.0 mL) were obtained in chilled syringes
before (0) and at 2, 12, and 24 h during infusions for
measurement of plasm catecholamine and whole-bl lactate
concentrations. Plasma levels of glucose, insulin, glucagon,
and insulin-like growth factor binding proteins (IGFBPs)
were determined from these samples and have been reported
elsewhere (Hooper et al. 1994). Blood used for measurement
of lactate concentr 0.3 mL) was rapidly frozen using
dry ice, stored at , and analyzed within 48 h. Blood
used for measur f catecholamines (1.0 mL) was
immediately centrifuged for 10 min at 25 rpm, and the
plasma was stored at -70°C for subsequent analysis. In
addition, fetal arterial blood samples (0.6 mL) were obtained
before and during (0.5, 1, 2, 4, 12, and 24 h) the infusions
for measurement of blood gases, pH, oxygen saturation
(%ao2), and hemoglobin (Hb).

C
an

. J
. P

hy
si

ol
. P

ha
rm

ac
ol

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
72

.1
41

.2
46

.2
47

 o
n 

06
/0

1/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



Can. J. Physiol. Pharrnacol. Vol. 73, 1995 

Tritiated thymidine at a dose of 1 mCi (1 Ci = 37 GBq) 
per kilogram estimated fetal weight (specific activity 20 Ci/ 
mmol; ICN Biomedicals Hnc., Hrvine, Calif.) was injected 
into 14 fetuses at 16 h of infusion time to determine the effect 
of elevated catecholamine concentrations on DNA synthesis 
rate over the last 8 h of infusion. One norepinephrine-inhsed 
fetus did not receive C3H]thymidine. The animals were 
killed at the end sf the 24-h infusion, using an intravenous 
injection of pentobarbital sodium and propylene glycol 
(Euthanyl, MTC Pharmaceuticds, Cambridge, Ont .) . The 
fetus was then removed and weighed, fetal organs were 
dissected, and wet weight was determined. Representative 
tissue samples were taken from the brain, right and left myo- 
cardial free wall, liver, lung, thymus, adrenal gland, kidney, 
and placental cotyledons and were rapidly frozen in liquid 
nitrogen and stored at - 70°C for subsequent analysis. 

Data analysis 
Fetal tracheal, arterial, and amniotic pressures were measured 
using Stathm pressure transducers (Gould, Cleveland, 
Ohio) md direct current pressure amplifiers (model 7P1F, 
Grass Instruments, Quincy , Mass.), then displayed continu- 
ously on a polygraph (Grass 7D). Mean fetd blood pressure 
was calculated as diastolic pressure + 0.4(systolic -diastolic 
pressure) after the subtraction of amniotic pressure. FHW 
was determined from the pulsatile blood pressure using a 
hchogsaph preamplifier (model 7PMB9 Grass) and dis- 
played continuously. FBMs were defined as repeated nega- 
tive deflections in tracheal pressure (corrected for amniotic 
pressure) of > 2 mmHg. An episode s f  FBM was considered 
to be present if negative deflections occurred continuously 
for 30 s (Backing and Harding 1986). 

Arterial Po2 (Pao2), Pco2 (Pat*), pH (pHa), and 
HC03- were measured using an ABL-3 blood gas analyzer 
(Radiometer, Copehagen) at 37°C and then corrected for a 
fetd temperature of 39.5 "c. Sao2 and g%b were measured in 
duplicate using an OSM2 Hemo~meter (Radiometer). Plasma 
catecholamine concentrations were determined using high- 
pressure liquid chromatography followed by electrochernicd 
detection (Allenmark et al. 1980). Whole-blood lactate con- 
centrations were measured using the lactate oxidase' method 
(model 23A, Yellow Springs Instruments, Yellow Springs, 
Ohio). 

Protein content was measured using the Bio-Rad Protein 
Assay Kit (Bis-Rad, Hercules, Calif.). DNA content was 
measured by fluorometric assay using calf thymus DNA 
standards with bis-benzimide (Hoechst 33258; Sigma 
Chemical Co., St. Louis, Mo .) as the fluorochrome. FBuoro- 
metric readings were performed at 356-nm (excitation) and 
480-nm (emission) wavelengths. DNA and protein content 
were then calculated in order to dlow for possible changes 
in tissue extracellular water and then presented as a propor- 
tion of fetal body weight to eliminate the variation due to 
differences in body size between animals. Results for the 
right and left ventricle of the heart, thymus gland, and 
quadriceps muscle are presented as a concentration (mglg 
tissue) because of the inherent difficulties in accurately mea- 
suring total weights for these organs, DNA synthesis rate 
was determined by calculating the amount of [%]thymidine 
incorporated into DNA and was expressed as disintegrations 

per minute per microgram of DNA as previously described 
(Hooper et d. 1991). 

All results are presented as mean values f SEM. Statisti- 
cal significance was determined using a two-way analysis of 
variance followed by t tests using the Bonferroni correction 
both within and between treatment groups. 

Results 

Fetd plasma catecholamine concentrations 
Fetal plasma catecholamine concentrations from these experi- 
ments have been reported elsewhere (Hooper et al. 1994). 
Briefly, fetal norepinephrine concentration was 87 1 f 
71 pg/mL before the infusion of norepinephrine and 
increased to 6831 f 1890 ( p  < 0.01), 8682 f 1122 ( p  < 
0.01), and 9882 f 1856 ( p  < 0.01) pg/m& at 2, 12, and 
24 h of norepinephrine infusion, respectively. There was no 
change in norepinephrine concentration with either vehicle 
or epinephrine infusion. Fetal epinephrine concentration was 
310 f 95 pg/mL before the inhsion of epinephrine and 
increased to 14% f 288, 1378 f 395, a d  1304 f 946 pg/mL 
at 2, 12, and 24 h of epinephrine infusion, respectively. 
There was no change in epinephrine concentration with 
either vehicle or norepinephrine infusion. 

Fetal blood gas tensions, pH, and O2 saturation 
Fetd pHa decreased significantly from 7.37 f 0.01 before 
to 7.29 f 0.02 at 0.5 h (p < (8.01) and 1 h ( p  < 0.01) of 
norepinephrime infusion but returned to control values by 2 h 
and remained unchanged for the remainder of the infusion 
(Fig. 1). Base excess decreased from 2.8 f 0.6 before to 
-3.5 f 0.5 mmol/L (p < 0.01) at 1 h of norepinephrine 
infusion and returned to control values by 4 h, with no fur- 
ther change (Fig. 1). A similar transient but less severe 
decrease in pH and base excess was seen with the infusion 
of epinephrine. Fetal Paco2 decreased from 51.0 + 1.3 
before to 47.7 f 2.0 mmHg ( p  < 0.05) at 1 h of norepine- 
phrine infusion 8nd remained significantly depressed for the 
duration of the infusion (Fig. 1). Similarly, fetd Pam2 
decreased from 46.2 f 1.7 before to 43 -5 f 1.5 mmHg 
(p < 0.001) at 2 h of epinephrine inhsion and remained 
lower throughout the infusion, although nst significantly. 

F e d  Paasp was 23.9 f 1.7, 21.9 f 1.2, and 25.8 f 
g before infusions of vehicle, norepinephrine, and 

epinephrine, respectively. Fetd Sas2 was 68.5 & 3.9, 
6 1.6 f 3 -4, and 67.3 f 3.3 % before infusions for vehicle-, 
norepinephrine-, and epinephrine-infused animals, respec- 
tively. There was no significant change in Pao2 or Sao2 with 
the infusion of norepinephrine, epinephrine, or vehicle. 

Fetal lactate and bfcmbonate concentrations 
Fetal whole-blood lactate concentration increased from 1 -6 + 
0.2 and 1.7 + 0.2 mmol/l to peak concentrations of 5.5 + 
1.6 and 4.4 f 0.4 m o l / l  at 12 h after commencing the 
infusion of norepinephrine and epinephrine, respectively 
(Fig. 2). Although lactate concentrations remained higher 
than preinfusion vdues at 24 h with the infusion of 
norepinephrine, this was not statistically significant. There 
was no change in fetal lactate concentration with the infusion 
of vehicle. Fetd arterial bicarbonate (HC03) concentration 
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Fig. 1. Fetal pH, base excess (BE), and Pco, before (time 0) 
and during the infusion of vehicle (n = 4), norepinephrine 
(n = B ) ,  and epinephrine (n = 5). Results are mean values 9 
SEM. *p < 6.05, **p < 0.81, ***p < 0.001, compared 
with time 0; t g  < 0.05, Ttpp < 0.01, t tTg  < 0.001, 
compared with vehicle treatment. 
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decreased from 27.7 f 0.6 to 2 1.7 f 0.4 mmol/L at 1 h of 
the norepinephrine infusion and from 26.4 f 0.7 to 23.3 f 
0.8 m o l / L  at 0.5 h of the epinephrine infusion, followed by 
a return to control values by 12 h. There was no change in 
fetal arterial HC03 with vehicle infusion alone (Fig. 2). 

Fetal heart rate sand blood pressure 
Mean FHW increased ( p  < 0.001) from 176 + 5 to 246 f 
6 beats6min during the 1st h of the norepinephrine infusion, 
with a maximum rise of 60% above control values at 30 min. 
Mean FHW then gradually fe11 to 194 f 8 beatsimin by 12 h 
of the norepinephrine infusion, remaining significantly higher 
than preinfusion values (Fig. 3). There was a trend for mean 
FHR to decrease initially from 174 f 4 to 167 f 13 beats/ 
min at 5 min of epinephrine infusion (data not shown), 
following which it increased ( p  < 0.0%) to a maximum of 
220 f 6 beatslmin during the 1st h. This was followed by 
a return to preinhsion values by 4 h (Fig. 3). There was no 
change in mean FHW with the infusion of vehicle alone. 

Mean FBP increased ( p  < 0.05) from 43 f 3 before to 
53 f 3 m m g  during the 1st h of norepinephrine infusion 
and remained significantly elevated ( p  < 0.01) for the dura- 

Fig. 2. Fetal whole-blood HCO, and lactate concentrations 
before (time 0) and during the infusion of vehicle (n = 4), 
norepinephrine (n = 6 ) ,  and epinephrine (n = 5).  Results 
are mean values f SEM* *p < 8.05, **p < 0.01, ***g < 
0.001, compared with time 0; Tp < 0.05, t t p  < 0.01, 
compared with vehicle treatment. 

b 

20.0 
o VEHICLE 
o NOREPINEPHRINE 

EPINEPHRINE 

Q 

T 

0.0 I ' /P 
0 1 2  4 12 24 

TlME (hours) 

Fig. 3. Mean hourly fetal heart rate (FHR) before (time 0) 
and during the infusion of vehicle (n = 4), norepinephrine 
(n = 61, and epinephrine (n = 5). *p  < 0.05, **p < 0.01, 
***p < 0.001, compard with time 0. Results are mean 
values f SEM. 

260 

o VEHICLE 
a NOREPINEPHRINE 
a EPINEPHRINE 

2 40 

TIME (hours) 

C
an

. J
. P

hy
si

ol
. P

ha
rm

ac
ol

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
72

.1
41

.2
46

.2
47

 o
n 

06
/0

1/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



Can. J. Physiol. Pharmacol. Vol. 73, 1995 

Fig. 4. Mean hourly f e d  blood pressure (FBP) before 
(time 84) and during the infusion s f  vehicle (n = 4), 
norepinephrine (n = 61, and epinephrine (n = 5). Results 
are mean values f $EM. *p < 0.05, **p < 0.01, ***p < 
0.801, compared with time 8; "fpp < 0.845, compared with 
vehicle treatment. 

70 r 

o VEHICLE t 
m NOREPINEPHRINE 
A EPINEPHRINE 

* 

5CIL ' 1 

0 4 8 12 16 2 0 24 

TIME (hours) 

tion of inhsion at 28 - 30% above control for the last 116 h 
(Fig. 4). The greatest increase in FBP was at 5 min of infu- 
sion, with peak values of 98% above preinksion FBP. FBP 
also increased from 48 f 2 to 47 f 2 mmHg during the 1 st h 
sf epinephrine infusion and remained at 5 - 10% above con- 
trol values for the duration of infusion, although this was not 
statisticaly significant (Fig. 4). There was no change in PBP 
with the inhsion of vehicle done. 

Fetd breathing movements 
FBMs occurred 55 f 4, 55 f 12, and 49 f 4 % of the time 
during the 2 h before the infusion of norepinephrine, epine- 
phrine, and vehicle, respectively. The mean amplitude of 
FBM was 3.2 f 0.2, 4.4 f 8.3, and 4.5 f 1.0 mmHg for 
the hour before the inhsion of vehicle, norepinephrine, and 
epinephrine, respectively. There was no significant change 
in the incidence or amplitude of FBM during the infusion of 
norepinephrine, epinephrine, or vehicle. 

Fetal body and organ weights 
Fetd body weights at the time of autopsy were not different 
between animals that received norepinephrine (2675 + 78 g), 
epinephrine (3000 f 108 g), s r  vehicle (308 1 f 436 g). 
Fetal liverlbody weight ratio was decreased ( p  < 0.85) in 
epinephrine-infused animds (0.030 f 0.08 1) compared with 
vehicle-infused animals (0.036 f 8.002) and was also 
decreased in norepinephrime-ifised mimds (0.032 f 8.00 I), 
although this was not statistically significant (Table 1). There 
was no significant change in the organlbody weight ratio for 
any of the other tissues studied (Table 1). 

Fetal protein and DNA content 

Liver 
Total protein content of the fetd liver was not significantly 
different between any of the infusion groups (Table 1). How- 

ever, here  was a significant decrease ( p  < 0.05) in the 
amount s f  DNA when corrected for fetd bddy weight in the 
livers of fetuses that received epinephrine compared with 
those that received vehicle. A decrease in fetal liver DNA 
content was also obsewed in animds that received norepine- 
phrine, although this was not statisticdally significant (Table 2). 
The ratio of DNA to protein in hepatic tissue was signifi- 
cantly decreased ( p  < 0.85) in norepinephrine-infused 
animds compared with vehicle-infused animds and was also 
decreased in fetuses that received epinephrine, although this 
was not statistically significant (Fig. 5). 

Heart 
Protein concentrat ion was significantly greater ( p  < 0.00 1) 
in the fetd right ventricle (13 1.26 f 3.08 mg/g tissue) com- 
pared with the left ventricle (72.41 _+ 1.66 mgig tissue) of 
vehicle-infused animds. Similar results were observed for 
fetuses infused with norepinephrine and epinephrine, and 
there was no effect of infiasions on protein concentration in 
either ventricle. DNA concentration was not significantly 
different between the right ventricle (3.23 f 8.29 mg/g tis- 
sue) and left ventricle (3 "9 1 f 0.16 mg/g tissue) of vehicle- 
infused animds and was unchanged with infusion of either 
norepinephrine or epinephrine. The ratio of tissue DNA to 
protein was significantly greater ( p  < 8.81) in the left ven- 
tricle compared with the right ventricle of vehicle-infused 
animds (Fig. 5). A similar difference in ventricular DNA1 
protein ratio was observed for both norepinephrine- and 
epinephrine-infused animals (Fig. 5). There was no effect of 
either catecholamine infusion on the DNAIprotein ratio com- 
pared with vehicle-infused animals for either the left or the 
right ventricle. 

Kidney 
Protein content of the kidney was significantly increased 
( p  < 0.05) in fetuses infused with epinephrine compared 
with those receivimg vehicle (Table 1). Protein content was 
also increased in those fetuses receiving norepinephrine, 
dthough this was not statistically significant. DNA content 
was, however, significantly greater ( p  < 0.05) in the kid- 
neys of fetuses infused with norepinephrine but not with 
epinephrine (Table 2). The ratis of DNA to protein was 
85.57 f 1.35 in the kidneys of fetuses receiving vehicle 
done and was significantly lower ( p  < 0.001) in those 
inhsed with epinephrine but not norepinephrine (Fig. 5). 

Lung, adrenal, and t ymus  glands 
Protein and DNA content of the lung and adrenal glands 
were unchanged with either infusion (Table 1). However, the 
ratio of tissue DNA to prot~in in the lungs of epinephrine- 
infused animals was significantly greater ( p  < 8.05) than 
that for the lungs of vehicle-infused fetuses (Fig. 5). The 
ratio of DNA to protein in the adrenal gland was also signifi- 
cantly greater ( p  < 0.05) in epinephsine-infused fetuses 
compared with those receiving vehicle alone (Fig. 5). 

Protein concentration of the thymus gland was 130.19 f 
1.21 mg/g tissue in vehicle-infused fetuses and was 
unchanged in those that received norepinephrine 4 1 19 -4'7 1 
5.66 mglg tissue) or epinephrine (138.67 f 7.51 mglg 
tissue). Thymus DNA concentration was 20.18 f 0.19 mglg 
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Table 1. Brganlbdy weight and total tissue protein contentlfetd body weight values for fetuses infused with vehicle (la = 4), 
norepinephrine (n = 51, and epinephrine (n = 5) at 120 days of gestation. 

Organlbdy weight Total protein/bdy weight (mglg) 

Vehicle Norepinephrine Epinephrine Vehicle Norepinephrine Epinephrine 

Brain 0.014 f 0.0432 0.014 f 0.001 0.012 f 0.001 0.525 9 0.883 0.592 f 0.045 0.506 f 0.035 
Placenta 0.131 f 0.012 0.112 f 0.009 0.120 f 0.017 11.66 f 1.38 11.72 f 1.39 11.$6 f 1.69 
Lung 0.027 & 0.6881 0.028 f 0.002 0.030f0.002 0.900fO.100 1.265k0.283 0.746fO.175 
Liver 0.036 f 0.002 0.032 f 0.001 0.030f0.001* 3.426f0.119 3.M7f0.191 3.529f0.147 
AdrenaBs 0 . W  12 f 0.00002 0.000 11 f 0.00001 0,000 12 f 0.00001 8.012 f 0.002 0.010 f 0.002 0.010 f 0.001 
Kidney 0.006 f 0.001 0.007 f 0.000 O.007f0.000 0.286f0.012 0.348f0.026 0.378f0.022* 
Heart 0.6887 f 0.MKl 0.008 9 0.000 0.008 f 0.000 - - - 

Note: Results are means f SEM. 
%I$ < 0.05. 

Table 2. Totid tissue DNA contentlfetd body weight and DNA synthesis rate for fetuses infused with vehicle (n = 41, norepinephrine (n = 5), 
and epinephrine (la = 5) at 120 days gestation. 

Totd DNAIbody weight (mglg) DNA synthesis rate ([aH]thymidine dprnlpg DNA) 

Vehicle Norepinephrine Epinephrine Vehicle Norepinephrine Epinephrine 

Brain 
Placenta 
Lung 
Liver 
Adrenals 
Kidney 
Heart 
Thymus 
Quadriceps 

Note: Results are means f SEM. 
*p < 0.05. 

tissue in vehicle-infused fetuses and was significantly less 
(' < 0-01) in those that received epinephrine (1  8.00 k 
0.38 mgig tissue). 

Cerebral cortex, quadriceps, and placenta 
There was no change in the protein or DNA content or 
DNAiprotein ratio in the cerebral cortex, qwdriceps muscle, 
or placental cotyledons with either inhsion (Tables 1 and 2). 

D M  synthesis rate 
There was no significant difference in the rate of DNA 
synthesis in any of the tissues examined between any of the 
infusion groups (Table 2). 

Discussion 

In this study, we have increased fetal plasma catecholamine 
concentrations to levels ha t  occur with prolonged WUBF 
(Hooper et al. 1990). Prolonged inhsion s f  either nsrepine- 
phrine s r  epinephrine did not affect fetal Pa02 or Sao2, 

Fig. 5. Tissue DNAIprotein ratio for selected organs in 
fetuses infused with vehicle (pa = 41, norepinephrine (n = 51, 
and epinephrine (la = 5). Results are mean values f SEM. 
*g < 0.05, ***p < 0.001, compared with vehicle; d.p < 
0.05, t fp  < 0.01, f-j-j-g < 0.001, cornpard with right 
ventricle. 

T 

Adrenal Right Left Kidney Uwr Lung -us 
Gland Ventdcle, Ve~tricle 

although pHa a d  base excess decreased transiently, as a 
result of an increase in lactate concentration. Mean FHR was no change in the incidence or amplitude of FBMs. There 
increased markedly in the 1st h of both infusions and subse- was no change in the DNA synthesis rate over the Bast 8 h 
quently declined. In contrast, blood pressure remained con- in any s f  the fetal organs examined, despite organ-specific 
sistently elevated for the duration of both infusions and there changes in DNA and protein content. 
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Short-term administration of epinephrine and norepine- 
phrine to fetal sheep has been shown previously to increase 
circulating lactate concentrations, although the mechanism 
underlying this increase has not been investigated in the fetus 
(Jones and Ritchie 1978b). It is possible that it results from 
an increased conversion of glucose to lactate, as the asso- 
ciated fetal hyperglycemia (Hooper et al. 1994) would pro- 
mote increased placental uptake of glucose from the fetus 
(DiGiacomo and Hay 1989). Alternatively, it may result 
from m increase in anerobic metabolism in skeletal muscle 
due to peripheral vasoconstriction. Fetal arterial pH, how- 
ever, returned to control values by 11 h in epinephrine- and 
4 h in norepinephrine-infused fetuses and remained within 
the normal range for the duration of the infusion, despite the 
sustained elevation of lactate concentrations. A similar return 
to normal pH with elevated lactate concentrations has been 
reported with prolonged WUBF by ourselves (Backing et al. 
1992; Hooper et al. 1991) and others (Wilkening et d. 
1993). With RUBF, the increase in fetal blood lactate con- 
centrations likely results from increased lactate production 
secondary to increased anerobic metabolism (Boyle et id. 
199%). Whether the same changes in fetal pH and lactate con- 
centrations wodd occur with prolonged hypoxemia in the 
absence of elevated catecholamine concentrations is unknown. 
Further investigations are required into the mechanism 
whereby this acid -base adaptation of the fetus occurs, in the 
presence of devated lactate concentrations with both RUB%; 
and elevated catecholamine concentrations. 

Short-term infusions of norepinephrine have previously 
been reported to result in an initid bradycardia (Lorijn and 
h n g o  1980a, 1980b) followed by a tachycardia (Cheung 
and Brace 1987, 11988) or tachycardia alone (Jones and 
Witchie 1978a). In our study, the initial heart rate response 
to the infusion of norepinephrine was an increase, followed 
by a gradual decrease to 10 - 20 % above preinhsion values 
during the last I2 h of the infusion, similar to what occurs 
with prolonged RUBF. 

In contrast with norepinephrine, the initial heart rate 
response to the infusion of epinephrine was a decrease of 6% 
at 5 min (data not shown), which was followed by a tachy- 
cardia with a maximal increase in FHW of 40% at 15 min and 
subsequent return to preinhsion values at 4 h. A similar 
decrease in FBW followed by a tachycardia has been reported 
previously, with short-term infusions of epinephrine (Jones 
and Ritchie 1978a). It is possible that the initial decrease in 
FHW seen with the infusion of epinephrine was secondary to 
activation of baroreceptors, in association with the rapid rise 
in mean arterial pressure (Hanson 1988). It is s f  interest, 
however, that mean FHR did not decrease initially with the 
infusion of norepinephrine despite an even greater rise in 
arterial pressure. This could be explained by a greater 
inotropic effect of epinephrine on the cardiac @-receptor than 
would occur with norepinephrine, giving rise to an increase 
in stroke volume. In the norepinephrine-infused animals, it 
is possible that the chronotropic effect was sufficiently large 
to override any vagal stirnulatory effect of barsreceptor 
activation, with the net effect being an increase in mean 
FHR. Further experiments are required to investigate in 
more detail this possible differential effect of norepinephrine 
and epinephrine on fetd cardiac function. 

The return in FHR to near control values with sustained 

infusions of both norepinephrine and epinephrine is in 
keeping with either a decrease in number or sensitivity of 
P-receptors in the heart. A downreplation of @-receptors 
with prolonged infusions of @-agonists has been observed in 
the lung of fetal sheep (Warburton et all. 1988). In addition, 
the development of tachyphylaxis to prolonged inhsion in 
fetal Iambs of a P-agonist (Ritodrine) has also been previ- 
ously reported (Bassett et al. 1989, 1990). It is of interest that 
the increase in FBP was sustained with the infusion of 
norepinephrine in keeping with this being predominantly an 
a-adrenergic-mediated effect. In contrast with P-receptors 
there appears to be no effect of prolonged inhsion of either 
norepinephrine or epinephrine on a-receptor function. It is 
of interest that the sustained increase in FBP with prolonged 
catecholamine infusion is greater than that seen with pro- 
longed RUBF, suggesting that other adaptive mechanisms 
are present with prolonged hypoxemia. 

In this study, there was no significant effect of either 
norepinephrine or epinephrine infusion on either the inci- 
dence or the amplitude of FBMs. This is in contrast with 
previous studies in which short-term infusions of both epine- 
phrine and norepinephrine were reported to produce variable 
effects on FBMs (Sansen et al. 1986). Jones and Ritchie 
(1978~~) reported an increase in the incidence of FBMs with 
a 1-h inhsion of epinephrine and no change with norepine- 
phrine. Murata et al. (1981) reported a decrease in the inci- 
dence of FBMs in fetal rhesus monkeys with a 30-min 
infusion of norepinephrine and no change with epinephrine. 
Although peripheral infusions of a-antagonists have led to 
an increase in FBMs during both normoxia and hypoxia 
(Giussani et al. 1992), it is likely that central a-abenergic 
mechanisms are more important in regulating FBMs @amford 
et d. 1990), which would not be identified in our experi- 
ments. We can conclude from these studies, however, that 
the previously shown initid inhibition in FBMs with RUBF 
is not related to an increase in circulating catecholamine con- 
centrations. 

In contrast with our previous study of prolonged hypox- 
emia secondary to RUBF (Hooper et d. 1991), we found no 
change in the rate of DNA synthesis in any of the organs 
studied, suggesting that those changes were not a direct con- 
sequence of elevated circulating catecholamine concentra- 
tions. However, we did observe a decrease in the ratio of the 
liver to body weight of fetuses infused with epinephrine, 
which is likely due to a decrease in glycogen content result- 
ing from increased glycogenslysis (White et al. 1973). In 
addition, we found a decrease in hepatic DNA content with 
a decrease in the DNA/protein ratio. These findings suggest 
that epinephrine infusion decreases the number of cells in the 
fetal liver, although we cannot determine from these studies 
whether it is hepatocyte or hemopoietic cells, or both, which 
are primarily affected. Because of the short duration (24 h) 
of infusion, it is likely that the decrease in cell number is due 
to fewer hemopoietic cells. Since DNA synthesis rate was 
unchanged over the last 8 h of infusion, the decrease in DNA 
content must have occurred earlier in the infusion of epine- 
phrine md the explanation for this temporal effect remains 
unknown. It is possible that epinephrine infusion may stimu- 
late hernatopoietic cell migration away from the liver, com- 
plicating the interpretation of any effects of epinephrine on 
liver DNA content. 
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With the infusion of epinephrine, these was a decrease in 
the DNA concentration of the fetal thymus gland, but no 
change in protein concentration (data not shown), in keeping 
with a decrease in the number of cells. This is d s o  in contrast 
with what is observed with prolonged RUBF, when there is 
a decrease in DNA synthesis rate over the last 8 h with no 
change in thymus DNA concentration. It is possible that the 
elevation of plasma epinephrine concentrations leads to a 
release of thymocyks into the circulation, whereas prolonged 
RUBF alters DNA synthesis within thymocytes through a 
different mechanism such as changes in b l d  flow. 

Although neither norepinephrine nor epinephrine altered 
myocardial DNA or protein content, protein content was sig- 
nificantly greater in the right ventricle than the left in dl 
animals. This is consistent with previous detailed morpho- 
metric studies of the heart in fetal sheep, which showed that 
right ventricle myocytes are larger in cross section than left 
ventricle myocytes (Smdich et al. 1989). 

There was no change in DNA or protein content and DNA 
synthesis rate within the lung, placenta, or quadriceps muscle 
with infusion s f  either catecholmine. These findings indi- 
cate that the previously observed effect s f  prolonged RUBF 
s n  skeletal muscle growth is not mediated through the eleva- 
tion of circulating catecholamine concentrations done.  Other 
changes that occur concomitantly with RUBF, such as dis- 
tribution of blood flow and tissue oxygenation, must occur 
in order for these tissues to be affected. 

In summary, in these experiments we have shown that 
there are differential effects of prolonged infusion s f  epine- 
phrine and norepinephrine on a- and P-receptor-mediated 
cardiovascular function. Further studies on the effects of 
prolonged RUBF on fetal myocardial and vascular smooth 
muscle adrenergic-receptor numbers and function would be 
of interest. We observed no significant effect s f  either i n h -  
sion on FBMs and, therefore, suggest that the fetal behav- 
iourd changes that occur with prolonged RUBF are not as a 
consequence of elevated circulating catecholmine concen- 
trations. In addition, we have observed organ-specific changes 
in both DNA and protein content primarily with the inhsion 
s f  epinephrine. These changes are different from those seen 
with prolonged RUBF, in keeping with different mechanisms 
mediating the alterations in tissue growth seen under these 
two experimental conditions. 

This work was supported by a grant from the Medical Research 
Council of Canada. The authors thank Mrs. P. McCallum for 
technical assistance in the preparation of the manuscript. 
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