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ABSTRACT 

The cardiovascular effects and blood levels of intravenous nitroglycerin in mother and foetus 
were studied in normotensive and hypertensive ewes. Although nitroglycerin produced a 
reduction in uterine blood flow following a decrease in blood pressure, there was little if any 
incidence of adverse effects in the foetus. Nitroglycerin was detected in all but two samples of 
foetal arterial blood but the foetal/maternal artery ratio was only 0.04. Nitroglycerin merits 
further evaluation for the treatment of acute hypertensive episodes in the preeclamptic 
patient. 

THE MANAGEMENT of the moderate to severe 
preeclamptic patient aims at preventing convul- 
sions and controlling hypertension, the only 
definitive therapy being delivery of the baby. 
Convulsions can usually be prevented by mag- 
nesium sulphate or by heavy sedation with 
chloromethiazole or diazepam. The methods of 
controlling hypertension remain controversial, 
even though the main cause of maternal mortality 
in these patients is cerebral haemorrhage. Severe 
hypertension is also associated with left ven- 
tricular failure, renal impairment, and dissemi- 
nated intravascular coagulation. 

Hypertensive patients have been shown to 
exhibit marked cardiovascular reflexes in re- 
sponse to laryngoscopy and intubation, resulting 
in acute hypertensive crises.~ Preeclamptic pa- 
tients undergoing general anaesthesia may be 
even more at risk during this period due to the 
light level of anaesthesia usually employed before 
delivery of the baby. The ideal antihypertensive 
agent to prevent this response would act rapidly 
and predictably, have a short duration, and be of 
low toxicity to both mother and baby. The drugs 
most commonly used in this situation are hyd- 
ralazine and diazoxide. Intravenous hydralazine 
has an onset of action of up to 20 minutes, and its 
duration of action varies from two to three hours. 
Toxic effects are common and may mimic the 
symptoms Of impending eclampsia (headaches, 
tremors, nausea and vomiting). Diazoxide has a 
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more rapid onset but has a long duration ranging 
from four to twelve hours. Placental transfer of 
diazoxide has been reported in sheep 2 and its side 
effects include hyperglycaemia, decreased uric 
acid excretion, neutropaenia, and thrombocyto- 
paenia. 3 

Recently, intravenous nitroglycerin has been 
used successfully to control hypertension during 
coronary artery surgery 4 and to induce hypoten- 
sion for neurosurgery, s It may, therefore, be a 
useful agent in the management of the pre- 
eclamptic patient prior to and during general 
anaesthesia. Accordingly, we investigated the 
ability of nitroglycerin to cross the placenta as 
well as its cardiovascular effects in both nor- 
motensive and hypertensive pregnant ewes. 

METHODS AND MATERIALS 

Six pregnant ewes at 120-130 days gestation 
(term = 150 days) underwent induction of 
anaesthesia with methoxyflurane in oxygen. 
Following tracheal intubation, a paralyzing dose 
of pancuronium was used and anaesthesia was 
maintained with intravenous ketamine given in 
25 mg increments. Ventilation was controlled 
using a Harvard animal pump to maintain Paco,~ 
near normal. Pao2 was maintained around 
13.3 kPa by the addition of oxygen to the inspired 
air. The following vessels were cannulated: ma- 
ternal femoral artery and vein, maternal jugular 
vein and foetal femoral artery. An electro- 
magnetic flow probe (Carolina Medical Elec- 
tronics) was placed around a main branch of the 
uterine artery. Maternal and foetal arterial blood 
pressures, maternal electrocardiogram, heart 
rate and uterine blood flow were recorded con- 
tinuously on a Gould 2600 Recorder (Gould In- 
struments). 
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TABLE I 

MATERNAL PARAMETERS FOLLOWING NITROGLYCERIN INFUSION IN NORMOTENSIVE EWES (MEANS + SEM) 

Control After nitroglycerin 

Systolic blood pressure - kPa (mm Hg) 
Diastolic blood pressure - kPa (ram Hg) 
Mean blood pressure - kPa (mm Hg) 
Heart rate (beats/min) 
Uterine blood flow (ml/min) 
cH + nmol/1 (pH) 
Paco 2 - kPa (ram Hg) 
Pa% - kPa (ram Hg) 
Base excess (mmol/l) 

17.24 4- 0.45 (130 _+ 3.4) 
11.31 + 0.43 ( 85 4- 3.2) 
13.57 - 0 . 2 7  (102 + 2.0) 

136 _+ 19 
370 _+ 62 

51.29 4- 4.73 (7.29 + 0.02) 
4.8 4- 0.4(36.1 ___ 3.0) 

14.4 _+ 1.06(108.3 + 7.9) 
- 7 . 6  4- 1.9 

12.37 4- 0.92* (93 _+ 6.9*) 
7.58 _+ 0.52*(57 4- 3.9*) 

9.31 _+ 0.4* (70 + 3*) 
159 4- 16 
215 + 62* 

53.70 + 5.94(7.27 4- 0.02) 
4.8 +_ 0.4(36.1 4- 3.0) 

11.6 4- 0.8* (87.2 + 6.0*) 
- 9 . 4  4- 1.7 

*p < 0.05 compared to control. 

TABLE II 

FOETAL PARAMETERS FOLLOWING NITROGLYCERIN INFUSION IN NORMOTENSIVE EWES (MEANS 4- SEM) 

Control After nitroglycerin 

Systolic blood pressure - kPa (mm Hg) 
Diastolic blood pressure - kPa (mm Hg) 
Mean blood pressure - kPa (ram Hg) 
Hear t  rate (beats/min) 
ci-I § nmol/l (pH) 
Paco 2 - kPa (ram Hg) 
Paoz - kFa (mm Hg) 
Base excess (retool/l) 

8.65 4- 0.28 (65 + 2.1) 
5.72 4- 0.45 (43 + 3.4) 
6.92 +__ 0.40 (52 +__ 3.0) 

164 + 7 
54.95 4- 2.53 (7.26 4- 0.02) 

6.7 _____ 0.4 (50 4- 3) 
3.3 __+ 0.27(25 + 2) 

- 3 . 9  + 0.9 

8.25 + 0.78 (62 + 5.9) 
5.72 + 0.41 (43 + 3.1) 
6.78 +_ 0.53 (51 +_ 4) 

174 + 39 
54.95 __. 2.53 (7.26 _+ 0.02) 

6.7 + 0 . 3 ( 5 0 +  2) 
2.9 + 0.27 (22 4- 2) 

- -5.2 4- 1 

Two exper iments  were done on each sheep,  
the  order  being de te rmined  randomly  for each 
animal .  The first exper iment  cons is ted  of  a 30- 
minute  control  period followed by an infusion of  
nitroglycerin sufficient to lower maternal  mean  
arterial pressure  by 30 per cent  for 15 minutes .  
The  nitroglycerin solution was freshly prepared 
by dissolving 25 tablets of  0.4 mg in 100 ml of  0.9 
per  cent  saline to give a final concent ra t ion  of 
1 ~tg/ml. The  mean  dose  given was 113 lag. At the 
end of  both the control and exper imenta l  periods 
maternal  and foetal cardiovascular  parameters  
were noted and blood samples  were taken for 
m e a s u r e m e n t  of  maternal  and foetal blood gases  
and nitroglycerin levels. 

In the second  exper iment ,  similar measure-  
ments  were made following a 30-minute control 
period,  after an infusion of noradrenal ine 
sufficient to rise maternal  mean  arterial pressure  
by 25 per cent  for 15 minutes  and after an  infusion 
of  nitroglycerin sufficient to lower maternal  mean  
arterial pressure  to control levels for 15 minutes  
while maintaining the previously  establ ished 
cons tan t  infusion of  noradrenal ine.  Cardiovas-  
cular  parameters  were allowed to return to con- 
trol values at the terminat ion of  all exper imen t s  to 
ensu re  that the  preparat ion had not deteriorated.  

P lasma nitroglycerin levels were measured  
us ing  gas liquid ch roma tography  with e lectron 
capture  detect ion,  following ext rac t ion o f  blood 
samples  with n-pentane .  Blood gas  measure-  
ments  were corrected for t empera ture  and were 
done with an ABL-2  blood gas analyzer  
(Radiometer ,  Copenhagen) .  Statistical analysis  
was accompl i shed  us ing S tuden t ' s  t-test for 
paired data  and correlation analysis .  ~ 

RESULTS 

In normotens ive  animals ,  nitroglycerin low- 
ered maternal  mean  arterial pressure  by 31 per 
cent  wi thout  a significant change in heart  rate 
(Table I). There  was a concomi tan t  42 per cent  
depress ion  o f  uterine blood flow and a lowering of  
maternal  Pao2. In the foetus ,  there were no 
significant changes  in card iovascular  or  acid-base 
paramete rs  during the  infusion of  nitroglycerin 
(Table ID. 

Animals  made hyper tens ive  with noradren- 
aline exhibited a 24 per  cent  increase  in mean  
arterial p ressure  along with a 24 per cent  decrease  
in maternal  heart  rate (Table III). Uter ine blood 
flow was decreased by 43 per cent ,  but  maternal  
acid-base  va lues  were not  significantly altered. 



+~ 

Z 

z 
z 

o 

Z 

z 

< 

Z 

Z 

ua 

~- z 
Z 
e 

,.z 

r~ 

@ 
Z 

Z 

@ 

< 

Z 
ua 

+1 +1 +1 ~'.  
m ~ tl +l  +I 

m m ~  ~m~+l 

o c~ o o o~ ~"  �9 �9 

~ ~ +1 o~ +1 

_ _ 

+i +l +1 
~ ~ +I +I +I 

B ~ * ~  +l + l ~ ' t .  ~ +1 

- o o ~ - 4  + 
+I+I+I (N +l~l I 

+,~ +I +, +, +l 

~ +I ~o~ +I +I~ ~ 

2 +, - ~ ~ +' +, ? +I 
I 

g "g ~ 

0 , ~ 0 ~  ~ 

0 ~ I~'~+ 0 ~ 

m 

z 
Z 

z 

U 
Z 

< 
CI 
Z 

z 
Z 
@ 

z 

< 
z 

< 

v 

0 

+1 +1 -hi +1 +1 +1 ~ I 

u.~ ~1. r Q r .~. r 0 

~ ~ +l~ L +I 
+t +t +E L _~ +, ?, 

Q 

+1 +1 +1 +1 +E +1 m 

+1 -H +1 ~ ~ +1 +1 

4 

0 

~ t x l  

+I +I +I +I +I +I 

~ + I ~  +I 

+I+I+I'~ +I+I 

d ,6 

i 



ROSAYRO, el al.: NITROGLYCERIN IN PREGNANT SHEEP 

TABLE V 

NITROGLYCERIN LEVELS (MEANS 4- SEM) 

Sample site P!asma NG (ng/ml) 

Maternal vein 5.3 _+ 1.6 
Maternal artery 40.7 + 17.5 
Foetal artery 1.7 + 0.7 
Foetal/maternal artery 0.04 + 0.007 

Noradrenaline infusion had no effect on foetal 
cardiovascular parameters (Table IV). 

Treatment of the hypertension with nitro- 
glycerin returned maternal blood pressure and 
heart rate to control levels (Table III). However, 
there was a further reduction in uterine blood 
flow to approximately half that of control values. 
The only significant change in foetal homeostasis 
was a reduction in Paoz when compared to control 
values (Table IV). 

Nitroglycerin was readily detected in both 
maternal arterial and venous samples. It was also 
detected in all but two individual foetal samples. 
Nitroglycerin levels measured in samples from 
the same site did not differ significantly, regard- 
less of whether nitroglycerin was used alone or in 
the presence of noradrenaline. Therefore, the 
data from the two groups were pooled (Table V). 
An attempt was made to correlate the dose of 
nitroglycerin infused with the nitroglycerin 
levels measured at the three sample sites and with 
the foetal artery to maternal artery ratio. The 
only significant correlation was between nitro- 
glycerin dose and maternal venous levels (r = 
0.657, D < 0.005). 

DISCUSSION 

This study was designed to assess the car- 
diovascular effects of nitroglycerin and its effects 
on foetal well-being, its possible utilization in the 
treatment of gestational hypertension and its 
ability to cross the placental barrier. 

In normotensive animals nitroglycerin pro- 
duced a fall in uterine blood flow but no adverse 
effects on the foetus were demonstrable. The tall 
in uterine blood flow following hypotension is 
consistent with the concept that, under resting 
conditions, the pregnant uterine vasculature is 
maximally dilated and thus responds to a fall in 
perfusion pressure by a reduction in blood flow. 7 

The acute hypertension produced by nor- 
adrenaline infusion is similar to the hypertension 
of preeclampsia only i n so far as the rise in blood 
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pressure is not a consequence of chronic vascular 
changes, as in essential hypertension. Nor- 
adrenaline infusion also results in diminished 
uterine perfusion, which is an outstanding feature 
of preeclampsia. This hypertensive sheep model 
does not, of course, have several of the other 
pathological features of preeclampsia such as 
placental infarction and renal changes, and hence 
all results must be interpreted with caution. The 
reduction of uterine blood flow in response to 
noradrenaline infusion is in line with previous 
studies which have shown that, with ct adrenergic 
vasopressors, the increase in perfusion pressure 
is more than offset by an increase in uterine vas- 
cular resistance.S,9 

Nitroglycerin produced rapid and effective 
treatment of the hypertension with no changes in 
acid-base status. II is somewhat surprising that a 
further fall in uterine blood flow occurred when 
the hypertension was corrected. 

In a recent study using the same model 
Wheeler, e t  al.  ~~ demonstrated a similar 42 per 
cent reduction in uterine blood flow when mean 
arterial pressure was increased by 22 per cent. 
Lowering of the blood pressure with nitro- 
glycerin, however, improved uterine blood flow 
to 25 per cent below control. The difference be- 
tween our findings is probably due to the fact that 
Wheeler, e t  al.  ~~ made their measurements in the 
awake unanaesthetized sheep whereas our study 
was in animals under light anaesthesia. 

There was little evidence of deterioration in 
foetal well-being in spite of a reduction of uterine 
blood flow of up to 50 per cent. This is a finding 
which has been reported by other workers using 
the same model. '1 Although the healthy sheep 
foetus can tolerate transient depression of uterine 
blood flow of a considerable magnitude, this may 
not be the case when one considers a foetus sub- 
jected to chronic uteroplacental insufficiency 
and, once again, any extrapolation to the human 
situation must be extremely cautious. 

The low levels of nitroglycerin detected in 
foetal arterial blood when compared to maternal 
levels may be due to poor placental transfer, to 
widespread binding at non-active receptor sites 
or to differences between maternal and foetal 
binding. Needleman, Lang and Johnson '2 have 
shown that there is rapid metabolism of nitro- 
glycerin in animal and human liver by reduced 
glutathione and this may account for the low arte- 
rial levels in the foetus. Comparison of umbilical 
arterial and venous blood levels will be required 
to elucidate this question. Nevertheless, the 
levels of nitroglycerin detected in foetal arterial 
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blood were not  associa ted  with hypotens ion  in 
the foetus,  or  with significant changes  in heart  
rate. 

The only other  agents  with rapid onset ,  short  
durat ion and ease  of titratability current ly  avail- 
able for t rea tment  of  preeclampsia  are sod ium 
nl t ropruss ide  and t r imetaphan.  Ni t ropruss ide  has  
the potential to produce cyanide toxicity ~3 and in 
pregnant  ewes  it has been shown to cross  the  
placenta  freely with lethal consequences  to one 
group of foe tuses .  14 Tr ime taphan  has  the  dis- 
advantages  o f  tachyphylaxis  and his tamine re- 
lease.  Its placental  t ransfer  and possible adverse  
effects  on the foetus have not been studied. 
Therefore ,  we feel that  nitroglycerin meri ts  
fur ther  evaluat ion for limited use  in the situa- 
tion where  maternal  well-being is ser iously 
threa tened.  
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RI~SUMI~ 

Les effets cardiovasculaires et le niveau sanguin maternel et foetal de la nitroglycrrine ont &6 
dtudids chez la brebis normotensive et hypertensive. Bien que la nitroglycrrine air causd une 
diminution du drbit sanguin utrrin h la suite de la baisse de la tension artrrielle, on n'a pu 
constater que peu ou pas d'effets nocifs sur le foetus. La nitroglycrrine a 616 drtectde dans 
tous les 6chantillons de sang artrriel foetal ~t l'exception de deux et le rapport entre le sang 
foetal et maternel n'a 6t6 que de 0.04. La nitroglycdrine mrrite une 6valuation plus approfon- 
die pour le traitement de la crise hypertensive de la parturiente prr-dclamptique. 


