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Abstract. Relaxin (RLX), an ovarian polypeptide hormone that is particularly associated 
with gestation in viviparous species, has recently been shown to decrease blood 
pressure in virgin spontaneously hypertensive rats (SHR) upon chronic infusion. In this 
investigation, vascular reactivity to angiotensin II, arginine-vasopressin, and norepi- 
nephrine was studied in the perfused mesenteric artery and isolated portal vein of 
control and RLX-treated virgin spontaneously hypertensive rats. The latter received an 
intravenous infusion of 75 ng/hr purified rat RLX for 2 days, whereas the controls were 
given an equal infusion of saline. All of the animals were then killed and their tissues 
processed for in vitro study. In the perfused mesenteric artery, the concentration- 
response curves for arginine-vasopressin and norepinephrine were shifted to the right 
by a factor of about 2 (P c 0.05 and P c 0.005, respectively) after RLX treatment. In the 
isolated portal vein, the response to angiotensin II was not affected; the effect of 
norepinephrine was slightly displaced to the right (increase in ECSo) and the maximum 
response remained unchanged. These results demonstrate that RLX treatment for 42 hr 
blunted the vascular response to vasoconstrictor agents in the mesenteric vasculature 
and are consistent with similar observations reported previously in the same tissue of 
20-day-old pregnant rats. It is concluded that RLX may be involved in the blunted 
response to vasoconstrictor agents during gestation in the rat. [P.S.E.B.M. 1989, voi 1901 

regnancy in humans and rats is generally accom- 
panied by a decrease in blood pressure (1,  2). P Although the timing of this reduction is different 

in humans and rats, it is generally assumed that the 
hypotensive effect of pregnancy is the consequence of 
lowered vascuiar responsiveness to pressor agents (3- 
5) .  Recently, we described a chronic vasodepressor 
action of relaxin (RLX) (2), an ovarian polypeptide 
hormone, which is present in large amounts in the rat 
during the second half of pregnancy (6). In fact, this 
decrease in blood pressure in humans ( 1 )  and rats (2) 
corresponds to the levels of RLX in plasma (6, 7). In 
non-pregnant spontaneously hypertensive rats (SHR), 
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systolic blood pressure is markedly diminished 24 hr 
after the beginning of intravenous chronic infusion of 
purified rat RLX (2). 

To investigate the possible involvement of RLX in 
the regulation of blood pressure during gestation in the 
rat, we undertook experiments to determine if the 
hormone can decrease the responsiveness to vasocon- 
strictor agents in a similar way as does the eve of 
parturition in SHR (4, 8). We measured the effects of 
angiotensin I1 (AII), [ 8-arginine]vasopressin (AVP), and 
norepinephrine (NE) in two isolated vascular organs, 
the perfused mesenteric artery and isolated portal vein 
of RLX-treated SHR and their saline-infused counter- 
parts. Recent results from this laboratory (8) have dem- 
onstrated that the reactivity of these tissues to vasocon- 
strictors is decreased at the end of gestation in the rat. 
Our present data indicate that RLX could be involved 
in these blunted responses to pressor agents noted dur- 
ing gestation in this species. 

Materials and Methods 
Female SHR ( 1 3- 14 weeks old) were obtained from 

Taconic Farms (Germantown, NY) .  A previously de- 
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scribed method was used to measure blood pressure in 
these conscious animals (4). In brief, the left carotid 
artery and jugular vein were cannulated, under light 
ether anesthesia, with PE-50 and PE-20 polyethylene 
tubing, respectively (Clay-Adams). The catheters were 
passed under the skm, brought out at the scruff of the 
neck, and secured with silk threads. The carotid catheter 
was connected via a Gould-Statham pressure trans- 
ducer (P23ID) to a Grass polygraph #7. After surgery, 
the rats were allowed to recover from the anesthesia 
(approximately 30 min) in metal-wire cages, where they 
stayed for the rest of the experiment and were main- 
tained on a regular rat diet with water ad libitum. 
Purified rat RLX (75 ng/hr), diluted in saline, was 
infused (50 pl/hr) with a compact infusion pump 
(model 975; Harvard) via the jugular vein catheter, 
while control SHR received only a saline infusion. The 
experiments were performed after 42 hr of infusion. At 
this point, the rats were decapitated, and their mesen- 
teric vascular bed and portal vein were processed for in 
vitro study. 

Perfusion of the rat mesenteric vessels was per- 
formed as described previously (8-10). In brief, the 
superior mesenteric artery was quickly cannulated with 
a PE-90 polyethylene catheter via an incision in the 
abdominal aorta; the vascular bed was dissected at the 
intestinal border and mounted in an organ bath main- 
tained at 37°C. The mesenteric bed was then perfused, 
by means of a peristaltic pump (Minipulse 11; Gilson), 
with Krebs solution at a constant flow rate of 2.0 ml/ 
min. The perfusion pressure was monitored with a 
pressure transducer (P23ID; Gould-Statham) and re- 
corded on a Grass polygraph #7. AVP and NE were 
given as infusions via a sidearm of the perfusate inflow. 
The solution was preheated to 37°C and bubbled with 
a mixture of 95% 0 2 : 5 %  COz. 

Basal perfusion pressure, between 10 and 15 mm 
Hg at the beginning of the experiment, remained stable 
throughout and was not different between the control 
and experimental groups. The mesenteric bed was per- 
fused for 45 min before being challenged with a stand- 
ard dose of 100 ng of AVP (as a 0. I-ml bolus injection) 
to measure the reactivity of the preparation. The con- 
centration-response curves for AVP and NE were then 
obtained by consecutive additions of alternating and 
increasing concentrations of the drugs, with sufficient 
time between each concentration to allow full recovery 
from the previous response. Each concentration of AVP 
and NE was infused until the response achieved a stable 
plateau. 

The isolated portal vein was processed according 
to the procedure of Couture et al. (1 l), with some 
modifications (8). A polyethylene catheter (PE-90; 
Clay-Adams) was introduced at the junction of the 
splenic and mesenteric veins and pushed into the portal 
vein, which was then dissected out of the animal along 
with the catheter. The tissue was placed in oxygenated 

Krebs at room temperature and cleaned from fat and 
surrounding connective tissues. The vein, cut longitu- 
dinally to obtain a strip 1.5-cm long, was suspended in 
a glass-jacketed tissue bath by means of silk threads (6- 
0 size; Ethicon, Sommerville, NJ) between a hook at 
the bottom of the bath and an isometric force trans- 
ducer (model 1030; Trammed) connected to a Grass 
polygraph #7. The tissue was stretched to a passive 
tension of 0.3 g, which resulted in the maximum active 
force for the portal vein of both SHR and WKY as 
reported (8, 12). Tissues were allowed to equilibrate for 
45 min while frequently changing the Krebs solution 
bathing the preparation. Concentration-response curves 
for A11 and NE were measured by adding alternatively 
increasing concentrations of both agents. The tissue was 
washed frequently before the addition of the next ago- 
nist concentration to allow full recovery of the prepa- 
ration and to avoid tachyphylaxis. 

The Krebs solution used in these experiments con- 
tained (in mmol/liter): NaC1, 118; MgS04, 1.18; 
KH2P04, 1.18; NaHCOI, 25; CaC12, 2.5; KCI, 4.7; and 
dextrose, 5.5. The pH was between 7.42 and 7.45 at 
37°C; the solution was aerated with a gas mixture of 

Each experimental concentration-response curve 
was fitted by computer-assisted nonlinear regression 
analysis, using the ALLFIT program ( 13) to determine 
the concentration producing 50% of the maximal re- 
sponse (EGO) and maximum asymptote of the re- 
sponse. The statistical data were evaluated by Student’s 
t test for unpaired samples. Since is logarithmically 
distributed, each experimental value was converted to 
the negative logarithm (pD,) and means f SE were 
calculated to perform statistical analysis. The changes 
in mean blood pressure (Fig. 1) were compared by 
Student’s t test for paired samples. 

Relaxin used in the present studies was purified in 
our laboratory from pregnant ( 19-2 1 days) rat ovaries 
according to the method of Sherwood (14), modified 
by Walsh and Niall(l5). Potency was measured by our 
standard bioassay on potassium chloride precontracted 
uterine segments (2, 16). In this assay, purified rat 
relaxin is equipotent to purified porcine relaxin ob- 
tained from the NIH. Other agents used in these studies 
are arginine*-vasopressin (AVP) and aspartic’-isoleu- 
cine’-angiotensin I1 (AII) obtained from Peninsula (Bel- 
mont, CA) and L-arterenol hydrochloride (norepineph- 
rine, NE) obtained from Sigma (St. Louis, MO). 

95% 0215% CO2. 

Results 
The blood pressure response to chronic infusion of 

purified rat RLX is shown in Figure 1. Mean blood 
pressure, at the beginning of the experiment, was 146 
f 3 mm Hg in the RLX-treated group ( n  = 9) and 140 
f 5 mm Hg in saline-infused animals ( n  = 10). After 
starting the infusion of relaxin, mean blood pressure 
did not change significantly before 6 hr, but a decrease 
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of 19 mm Hg was recorded after 9 hr and this significant 
decrease persisted until 30 hr. In saline-infused SHR, 
blood pressure did not change significantly over the 
time of measurements, except a short lasting increase 
of 9 mm Hg at 6 hr. Changes in mean blood pressure 
are not reported after 30 hr of infusion because the 
catheter in the carotid artery of some animals was 
blocked and we could not obtain reliable measurements 
of blood pressure. In the remaining animals, the pres- 
sure continued to be decreased, in RLX-infused SHR 
( ~ 2 0  mm Hg) and stayed unchanged in saline-infused 
rats. Nevertheless, the infusion of RLX or saline was 
continued for up to 42 hr. 

At this time point, the rats were killed and their in 
vitro responses to the vasoconstrictor agents were meas- 
ured in the perfused mesenteric vascular bed and iso- 
lated portal vein. Figure 2 depicts these results in the 
mesenteric bed as the percentage of maximum re- 
sponse. In the RLX-treated group, the responses to 
both AVP and NE were shifted to higher concentrations 
of the vasoconstrictor agents. In the portal vein, the 
response to NE, but not to AII, was displaced to the 
right by RLX infusion (Fig. 3 ) .  This indicates lower 
sensitivity to AVP and NE in the mesenteric vasculature 
and to NE in the isolated portal vein in relaxin-treated 
animals by comparison to the saline-infused controls. 
Tables I and I1 also show the maximum response and 
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Figure 1. Change in mean arterial pressure after the infusion of saline 
(0) and relaxin (0) in virgin SHR. Abscissa: time of infusion in hours; 
ordinate: change in mean arterial pressure in mm Hg. *P < 0.05, **P 
< 0.025, "'P < 0.01 vs preinfusion period. 
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Figure 2. Concentration-response curves of AVP (0, 0) and NE 
(0, .) in the perfused mesenteric vascular bed of saline-infused 
(0, 0) and relaxin-infused (0, U) SHR. The curves are the best fit to 
the experimental points which are shown as mean + SE. Abscissa: 
molar concentration of agonist; ordinate: response in percentage of 
maximum response. 

sensitivity to the vasoconstrictors in the mesenteric 
vascular bed and portal vein, respectively. The maxi- 
mum responses to AVP and NE were not significantly 
changed in the mesenteric vasculature of RLX-infused 
rats but sensitivity to both vasoconstrictors was signifi- 
cantly decreased. No statistical differences were ob- 
served, however, in either the maximum response or 
sensitivity to A11 and NE in the isolated portal vein. 

Discussion 

The end of gestation in the rat is generally accom- 
panied by a decrease in blood pressure (2), a decline in 
sensitivity to vasoconstrictor agents, both in vivo (4) 
and in vitro (8), and an increased plasma level of 
immunoreactive RLX (6). The present study was un- 
dertaken to try to link these observations in unmated 
female SHR by infusing purified rat RLX over a period 
of 42 hr and by measuring blood pressure and the 
vascular response to vasoconstrictor agents in vitro. The 
results obtained confirm our previous report (2) that 
RLX infusion (75 ng/hr) produces a substantial de- 
crease in the blood pressure of unmated female SHR. 
Furthermore, this infusion of the peptide hormone in 
unmated female rats elicited a drop in the vascular 
response to AVP and NE in the mesenteric vasculature, 
but not to A11 and NE in the portal vein. These results 
indicate that RLX may be one of the pregnancy influ- 
ences responsible for the decrease in blood pressure and 
in the vascular sensitivity of the blood vessels to vaso- 
constrictor agents at the end of gestation in the rat. 

RLX is a peptide hormone from the corpus luteum 
of pregnancy, and the amount of this hormone present 
in the blood is proportional to the number of concep- 
tuses and consequently of corpora lutea ( 17, 18). It has 
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Table 1. Maximum Effect and EC5,, of AVP and NE in the Perfused Mesenteric Artery of Control and Relaxin- 
Treated SHR 

Maximum 
N" effect 

(mm Hg) 

P b b  
(EGO in M )  

Vasopressin 

, Control 8 207 f 26 
NS" 

R LX-infused 10 223 f 17 

Norepinephrine 

Control 7 167 f 21 
NS 

R LX-infused 10 205 f 13 

8.40 f 0.1 1 
(3.97 x 10-9) 

P < 0.05 
8.1 2 f 0.09 
(7.68 x lo-') 

5.98 f 0.1 1 
(1.04 x 1 0-6) 

5.70 f 0.07 
(2.05 X 

P < 0.05 

a Number of perfusion experiments. 
Mean C SE of -log ECsa of individually fitted curves. 
NS, not significant. 

Table II. Maximum Effect and EC5,, of All and NE in the Isolated Portal Vein of Control and Relaxin-Treated SHR 
~ 

Maximum effect p b b  
(9) (EGO in M )  

8.20 f 0.04 

NS" NS 
8.19 f 0.06 

N" 

Angiotensin II 

Control 8 0.52 f 0.09 (6.3 x 10-9) 

R LX-infused 9 0.43 f 0.06 (6.5 x 10-9) 

Control 8 0.56 f 0.09 (3.6 x 10-7) 

R LX-infused 9 0.51 f 0.08 14.9 x 10-7) 

Norepinephrine 
6.45 f 0.09 

NS NS 
6.31 f 0.09 

a Number of vessels tested. 
Mean * SE of -log EC,, of individually fitted curves. 
NS, not significant. 

been shown recently that, in pregnant spontaneously 
hypertensive rats, the magnitude of hemodynamic 
changes, including the decrease in blood pressure, was 
proportional to the number of fetuses ( 19). In this latter 
study, the number of fetuses was adjusted by surgery 
on Day 8 of gestation. This procedure was shown ( 1  8) 
to decrease proportionally the activity of the corpora 
lutea, including the ovarian and plasma contents of 
relaxin. 

Using the same dosage of purified rat RLX as in 
the present study, we observed a similar drop in blood 
pressure in our previous investigation 24 hr after start- 
ing the RLX infusion (with osmotic minipumps) (2). It 
was also noted that this blood pressure decreasing effect 
of rat RLX lasted for at least 4 more days. This study 
also duplicates the results of a previous experiment in 
our laboratory (8) in which we measured, at 20-2 1 days 

of pregnancy in SHR, the vascular response to vasocon- 
strictors in the same tissues as reported here. Indeed, in 
comparing both sets of results, it can be observed that 
they are nearly identical. In both the perfused mesen- 
teric artery and portal vein, the maximum response to 
the vasoconstrictors was not affected by gestation (8) or 
by RLX treatment (this study). In the mesenteric vas- 
cular bed, sensitivity to AVP (measured as increases in 
EGO) was decreased by a factor of 1.6 (P < 0.05) in 
pregnant rats and 1.9 (P < 0.05) in RLX-treated rats. 
For NE, these reductions in sensitivity were respectively 
1.4 (P c 0.005) and 2.0 (P < 0.05). In the portal vein, 
the response to A11 was not significantly decreased in 
either situation ( 1.3 and 1.03, respectively), whereas for 
NE the decline in sensitivity was significant during 
pregnancy (1.4, P < 0.05) but not in RLX-infused rats 
( 1.4, nonsignificant). The similarity of the results pre- 
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Figure 3. Concentration-response curves of All (0,O) and NE (0, W) 
in the isolated portal vein of saline-infused (0, 0) or relaxin-infused 
(0, .) SHR. The curves are the best fit to the experimental points 
which are shown as mean k SE. Abscissa: molar concentration of 
agonist; ordinate: response in percentage of maximum response. 

sented in both studies suggests a common mechanism 
of this decrease of responsiveness to vasoconstrictor 
agents. 

The possible vascular actions of RLX are an issue 
which has been re-surfacing in the last few years. The 
first evidence of vasodilation of vessels by RLX was 
reported by Casten et al. (20, 21), whose work was 
derived from the observation that Raynaud’s phenom- 
enon completely disappears during early pregnancy. 
They suggested, after several clinical studies in both 
men and women, that an ovarian hormone RLX may 
have beneficial effects in healing Raynaud’s lesions via 
its actions on the capillary system. Later, Hisaw et al. 
(22) provided evidence that RLX is the hormone re- 
sponsible for endothelial cytomorphosis during preg- 
nancy in the monkey, a phenomenon characterized by 
the proliferation of endothelial cells in blood vessels of 
the uterine myometrium below the implantation site. 
More recently, Bigazzi et al. ( 2 3 )  extended their first 
observation (24) that RLX when applied topically to 
the microcirculation of the mesocecum of the rat dilates 
the venules and antagonizes the contractile effects of 
norepinephrine and promethazine in this circulatory 
bed. 

These findings, along with the present data on the 
decrease in blood pressure by rat RLX (2), represent a 
series of circumstantial evidence suggestive of a role for 
RLX in circulatory regulation during pregnancy. 
Whether or not RLX affects total peripheral resistance 
remains to be clarified since the site and type of action 
of RLX in the blood vessels do not appear evident at 
this point in time and will therefore be the objective of 
future studies. 

This study was supported in part by the Medical Research 
Council of Canada (Grant MA-9302) and the Quebec Heart Foun- 
dation. J. S. L. is a Research Scholar of the Fonds de la Recherche 

en Santi du Qukbec and A. P. and G. M. hold studentships from the 
Fonds pour la Formation de Chercheurs et 1’Aide i la Recherche and 
the Canadian Heart Foundation, respectively. We are grateful to Ms. 
Francine De Coste for her secretarial work, Mr. Andre Turgeon for 
his technical assistance, and Mr. Ovid DaSilva for editing this man- 
uscript. 

I .  

2. 

3. 

4. 

5.  

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Moutquin JM, Rainville C. Giroux L, Raynauld P, Amyot G, 
Bilodeau R, Pelland N. A prospective study of blood pressure in 
pregnancy: prediction of pre-eclampsia. Am J Obstet Gynecol 
151:191-196, 1985. 
St-Louis J, Massicotte G. Chronic decrease of blood pressure by 
rat relaxin in spontaneously hypertensive rats. Life Sci 37: 135 1- 
1357, 1985. 
Abdul-Karim R, Assali NS. Pressor response to angiotensin in 
pregnant and non-pregnant women. Am J Obstet Gynecol 
82:246-25 I ,  I96 1. 
Massicotte G, St-Louis J, Schiffrin EL. Blood pressure effects of 
angiotensin 11 and vasopressin in conscious pregnant normoten- 
sive and spontaneously hypertensive rats. Clin Exp Hypertension 
- Hypertension in Pregnancy B5: 135- 158, 1986. 
Teeuw AH, De Jong W. Time course of decrease in blood 
pressure and in blood pressure response to vasopressor agents 
during pregnancy in the rat. Pflugers Arch 341:197-208, 1973. 
Shenvood OD, Crnekovic VE, Gordon WL, Rutherford JE. 
Radioimmunoassay for relaxin throughout pregnancy and during 
parturition in the rat. Endocrinology 107:691-698, 1980. 
O’Byrne EM, Carriere BT, Sorensen L, Segaloff A, Schwabe C, 
Steinetz BG. Plasma immunoreactive relaxin levels in pregnant 
and non-pregnant women. J Clin Endocrinol Metab 47: 1 106- 
1 1  10, 1978. 
Massicotte G, St-Louis J, Parent A, Schiffrin EL. Decreased in 
vitro responses to vasoconstrictors during gestation in normoten- 
sive and spontaneously hypertensive rats. Can J Physiol Phar- 
rnacol65:2466-2471, 1987. 
St-Louis J ,  Schiffrin EL. Biological action and binding sites for 
vasopressin on the mesentenc artery from normal and sodium- 
depleted rats. Life Sci 35: 1487- 1495, 1984. 
St-Louis J, Parent A, Larivitre R, Schiffrin EL. Vasopressin 
responses and receptors in the mesenteric vasculature of estrogen- 
treated rats. Am J Physiol 251:H885-H889, 1986. 
Couture R, Rioux F, Regoli D. Vascular reactivity to angotensin 
and noradrenaline following nephrectomy in rats. Clin Exp Hy- 
pertens I:393-405. 1978. 
Mulvany MJ, Ljung B, Stoltze M, Kjellsledt A. Contractile and 
morphological properties of the portal vein in spontaneously 
hypertensive and Wistar-Kyoto rats. Blood Vessels 17:202-2 17, 
1980. 
De Lean A, Munson PJ, Rodbard D. Simultaneous analysis of 
families of sigmoidal curves: Application to bioassay, radioligand 
assay and physiological dose-response curves. Am J Physiol 
235:E97-E102, 1978. 
Shenvood OD. Purification and characterization of rat relaxin. 
Endocrinology 104:886-892, 1980. 
Walsh JR, Niall HD. Use of octadecylsilica purification method 
minimizes proteolysis during isolation ofporcine and rat relaxins. 
Endocrinology 107: 1258-1260, 1980. 
St-Louis J. Relaxin inhibition of KCI-induced uterine contrac- 
tions in vitro: An alternative bioassay. Can J Physiol Pharmacol 

Goldsmith LT, Grob HS, Scherer KJ, Surve A, Steinetz BJ, Weiss 
G. Placental control of ovarian immunoreactive relaxin secretion 
in the pregnant rat. Endocrinology 109:548-552, 1981. 
Golos TG, Shenvood OD. Control of corpus luteum function 
during the second half of pregnancy in the rat: A direct relation- 
ship between conceptus number and both serum and ovarian 
relaxin levels. Endocrinology 111:872-878, 1982. 

591507-5 12, I98 1. 

258 RELAXIN EFFECTS ON PRESSOR RESPONSES 



19. Ahokas RA, Cannon EB, Sibal BN, Anderson GD. The relation- 
ship between blood pressure and litter size in SHR. FASEB J 
2:A317, 1988. 

20. Casten GG, Boucek R. Use of relaxin in the treatment of scle- 
roderma. J Am Med Assoc 166:319-324, 1958. 

21. Casten GG, Gilmore MD, Houghton FE, Samuels SS. A new 
approach to the management of obliterative peripheral arterial 
disease. Angiology 11:404-414, 1960. 

22. Hisaw FL, Hisaw FJ Jr, Dawson AB. Effect of relaxin on the 
endothelium of endometrial blood vessels in monkeys. Endocri- 

nology 81:375-385, 1967. 
23. Bigazzi M, Del Mese A, Petrucci F, Casali R, Novelli GP. The 

local administration of relaxin induces changes in the microcir- 
culation of the rat mesocaecum. Acta Endocrinol 112:296-299, 
1986. 

24. Del Mese A, Casali R, Novelli GP. Relaxin induced dilatation of 
the venous wall and reduction of the venous blood flow. In: 
Bigazzi M, Greenwood FC, Gaspam F, Eds. Biology of Relaxin 
and Its Role in the Human. Amsterdam: Excerpta Medica, 
~ ~ 2 9 1 - 2 9 3 ,  1983. 

RELAXIN EFFECTS ON PRESSOR RESPONSES 259 




