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ABSTRACT 

 
This work was undertaken to study the effects of progesterone on the coronary and 
femoral blood flow. In 18 prepubertal female dogs anesthetized with thiopental 
sodium, changes in the coronary and femoral flow caused by intravenous infusion of 
progesterone were assessed by collecting blood through Mrowtiz cannula form 
coronary sinus and femoral blood through a catheter inserted inside the femoral vein 
after ligation of the external iliac artery. In 6 dogs, infusion of 1 mg/kg of 
progesterone increased  the coronary and femoral blood flow. The vasodilator effects 
of the hormone were enhanced by graded increases in the dose between 1, 2 and 3 
mg/kg. The mechanisms of these responses were studied in the dogs by repeating the 
experiment after the arterial blood pressure and heart rate had returned to the 
control values before infusion. After administration of α blocker (phentolamine) or β 
blocker( propranolol), they did not affect the responses elicited by progesterone in the 
femoral blood flow. Also, injection α, β sympathetic blocker and  cholinergic blocker 
(atropine) did not abolish the effect of progesterone on the coronary flow. Injection of 
N-nitro-L-arginine methyl ester (L-NAM) alone or with progesterone into the 
coronary or the femoral artery caused prevention in the increase in the coronary and 
femoral flow. The present study showed that, intravenous infusion of progesterone 
dilated the coronary and the femoral arteries. The mechanism of this response did not 
involve stimulation of sympathetic or parasympathetic vasodilator receptors, but may 
be through  the local action. 
 

INTRODUCTION 
 

It is widely accepted that estrogen 
play a beneficial role in the coronary 
circulation and can modify the 
cardiovascular disease risk, but the 
role of progesterone has been less 
clear. For instance, it has been shown 
that, the acute administration of 
ethinyl oestradiol and 17β- oestradiol 
increased the coronary blood flow in 
women[1]  and in anaesthetized pigs[2].  
These results were consistent with 

reports involving that 17β- oestradiol 
relaxed isolated human coronary[3], 
pre-contracted pig coronary artery 
rings and strips with[4] and without 
functioning endothelium[5]. In 
contrast, there has been little 
information on the acute effect of 
progesterone on coronary blood flow. 
For instance, progesterone was found 
to induce coronary vasoconstriction in 
the isolated rabbit heart [6], but relax 
pre contracted rabbit  coronary artery 
preparation[7].  Progesterone has been 
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also found to relax pre-contracted pig 
coronary artery strip [8] and pig 
coronary smooth muscles [9].  Also 
progesterone was found to relax pre-
contracted coronary micro-vessels of 
dogs[10].     
There is little and conflicting 
information regarding the acute 
effects of progesterone  on coronary 
and peripheral blood flow and their 
mechanisms. For instance, the 
intravenous infusion of progesterone 
in anesthetized pigs caused coronary 
vasodilatation which involved the 
release of endothelial vascular 
factors[8] .  Others have shown that 
vaginal implants of progesterone in 
non-pregnant ovariectomized sheep 
increased nitric oxide synthase 
expression in the endothelium of the 
uterine artery but not in that of the 
omental, renal or mammary 
arteries[11], and that progesterone 
relaxes pre-contracted segments of 
small saphenous artery of the rat[12].  
Also, it has been reported in humans 
that acute intra-arterial progesterone 
did not significantly affect forearm 
blood flow, particularly that mediated 
by endothelial mechanisms[13,14], and 
that progesterone applied as a vaginal 
cream decreased forearm blood 
flow[15].   
The issue of whether or not the effect 
of progesterone on blood flow differs 
between vascular regions assumes a 
particular relevance. There are 
indications in humans to add 
progesterone to estrogen therapy, 
which does not appear to modify 
substantially the effects of estrogen 
alone[16,17]. It is unknown whether 
regional differences exist as regarding 
the effect of progesterone on blood 

flow, which might explain absence of 
additive effects. 
The present investigation was 
therefore designed to determine the 
effect of administration of 
progesterone on coronary and femoral 
blood flow in anesthetized female 
dogs and to determine the 
mechanisms involved. For this 
purpose, experiments were performed 
during constant heart rate and arterial 
blood pressure to avoid interference 
by hemodynamic and reflex effects. 
 
MATERIALS & METHODS 

 
The experiments were carried out 

in 18 pre-pubertal female dogs in 
order to exclude the effect of 
endogenous progesterone on their 
blood flow, weighing 10-15kg,. The 
experiments were begun after at least 
30 min of steady state conditions with 
respect to measured hemodynamic 
variables (heart rate and arterial blood 
pressure). The dogs were divided into 
three groups. 
Group (1): Consisted of 6 dogs which 
were administrated by 1 mg/kg of 
progesterone (Sigma) dissolved in 
saline. The experiment was repeated 
by progesterone injection at increased 
doses of 2mg/kg and3mg/kg[18,19].  
Group (2): Consisted of 6 dogs which 
were injected by atropine(Sigma) in a 
dose of(0.5 mg/kg), propranolol 
(Sigma) in a dose of (0.5 mg/kgm 
body weight) and phentolamine (Ciba 
Geigy) in a dose of (1 mg/kg) in the 
coronary artery followed by 
progesterone infusion in a dose of 
1mg/kg. After the resting heart rate 
and arterial blood pressure were 
established, the dogs were injected by 
L-NAM (N-nitro-L-arginine methyl 
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ester (Sigma) in a dose of 10 mg/kg [2], 
which was performed by using a 
catheter connected to a butterfly 
needle inserted into the arteries.  
Group (3): Consisted of 6 dogs which 
were administrated by propranolol in 
a dose of (0.5 mg/kg body weight) 
followed by progesterone injection in 
the femoral artery in a dose of 
1mg/kg. After the resting heart rate 
and arterial blood pressure were 
established, phentolamine in a dose of 
(1 mg/kg) followed by progesterone 
injection in a dose of 1mg/kg. After 
established resting conditions, dogs 
which were injected by L-NAM ( N-
nitro-L-arginine methyl ester in a dose 
of 2mg for 1m / min[2], which was 
performed by using a catheter  inside 
the femoral artery.  
Experimental Protocol: 

The animals, which were fasted 
overnight, were anesthetized by 
intravenous thiopental sodium 15 
mg/kg,(Biochemie  GmbH, Vienna-
Austria), and artificially ventilated 
with oxygen-enriched air using a 
respiratory pump (Harvard Apparatus, 
USA). Anesthesia was maintained 
throughout the experiments by 
continuous i.v. infusion of thiopental 
sodium (7 mg/kg/h) [17].  

The chest was opened at the left 
forth intercostals space, the 
pericardium was cut and direct 
coronary blood flow was measured by 
means of Morawitz cannula.The 
abdomen was opened with a mid-line 
incision, the  femoral blood flow of 
the dog  was obtained from the lower 
limb  by legation of the iliac vessels, 
and the blood flow ml/ minute  
through the hind limb was measured 
by collecting the blood passing out 
from  the femoral vein[9]. The blood 

flow was measured by a catheter that 
was drain into calibrated vessel in 
vitro at the end of each experiment the 
blood was returned back through the 
maintained infusion. Coagulation of 
the blood was avoided by the 
intravenous injection of heparin 
(Parke-Davis; initial doses of 500 
IU/kg, and subsequent doses of 50 
IU/kg every 30 min[8]). At the end of 
the experiment, each animal was 
killed by an intravenous injection of 
90 mg/kg sodium pentobarbitone.  

Recordings taken for 10 min 
during the steady state before infusion 
of progesterone were used as control, 
then the blood was returned back to 
the dog. The effects of graded 
administration of the hormone were 
examined by infusing 1, 2 and 3 
mg/kg of progesterone . Subsequent 
infusions were carried out at least 20 
min after blood flows had returned to 
the control levels observed before 
starting the previous one. Each 
infusion was completed in 1 hour and 
changes in measured blood flows 
caused by each dose of progesterone 
were compared with control values 
obtained before starting the infusion. 
Statistical analysis 

Data from the present work were 
expressed as means ± SD. The results 
were analyzed using ANOVA and 
post analysis tests were carried out 
using t-test  which used to examine 
changes in measured hemodynamic 
variables caused by infusion of 
progesterone, P < 0.05 was considered 
statistically significant , also 
correlation between different doses of 
progesterone were studied.  
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RESULTS 
 
The results of the present work 
showed the following effects: 
1. The effects of graded doses of 

progesterone on coronary and 
femoral blood flow of premature 
female dogs showed a significant 
increase of both coronary and 
femoral blood flow ml/min after 
injection of 1mg of progesterone in 
relation to the resting coronary and 
femoral blood flow ml/min 
(P<0.05). The injection of 2mg and 
3mg of progesterone after resting 
conditions were established showed 
also significant increase in the 
coronary and femoral blood flow 
ml/min (P<0.05) Table (1) and Fig. 
(1&2). Also there was a positive 
correlation between the injected 
doses of 1,2and 3mg progesterone 
The results showed no significant 
changes of arterial blood pressure 
mmHg and heart rate/min at resting 
conditions or at different doses of 
progesterone (p<0.05). 

2. The effects of cholinergic blocker 
(atropine), α ,β sympathetic 
blockers (phentolamie and 

propranolol) and L-NAM followed 
by progesterone on coronary blood 
flow ml/min of premature female 
dogs showed that the injection of 
atropine, α and β sympathetic 
blockers followed by progesterone 
increase the coronary blood flow 
ml/min significantly(P<0.05). The 
injection of L-NAM alone or 
followed by progesterone resulted 
in significant reduction of coronary 
blood flow ml/min (P<0.05), Table 
(2)and Fig(3). 

3. The effects of α, β sympathetic 
blockers (phentolamie and 
propranolol) and L-NAM followed 
by progesterone on femoral blood 
flow premature female dogs showed 
that the injection of phentolamine or 
propranolol followed by 
progesterone resulted in a 
significant increase of femoral 
blood flow ml/min(P<0.05). 
Moreover the injection of L-NAM 
alone or followed by followed by 
progesterone resulted in significant 
reduction of femoral blood flow 
ml/min(P<0.05), Table(3) and 
Fig(4).
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Table (1): Effects of graded doses of progesterone on coronary and femoral blood 
flow (ml/min) of premature female dogs: 
Parameter  Control 

BF 
Before 

Progesterone 
1mg  

Control 
BF 

Before  

Progesterone 
2mg 

Control 
BF 

Before 

Progesterone 
3mg 

Coronary 
BF ml/min 

(mean 
6+SD) 

 
42.6+1.65 

 
51.7+1.14* 

 
42.7+1.67 

 
52.4+1.15* 

 
42.9+1.50 

 
53.1+0.98* 

t  9*  9.7*  10* 
P  <0.05  <0.05  <0.05 

Femoral BF 
ml/min 
(mean 
6+SD) 

 
32.7+1.04 

 
42.5+1.63* 

 
32.8+1.08 

 
44.3+1.43* 

 
32.9+0.96 

 
45.2+1.24* 

t  9.9*  11.5*  12.3* 

P  <0.05  <0.05  <0.05 

ABP mmHg 
(mean 
6+SD) 

 
113.3+6.12 

 
113+6.6 

 
113.3+6.47 

 
113.8+6.49 

 
113.5+6.62 

 
113.5+6.12 

t  1  1.5  1 
P  >0.05  >0.05  >0.05 

Heart rate 
/min (mean 

6+SD) 

 
119.3+5.78 

 
121.1+5.98 

 
119.8+5.87 

 
121.6+5.46 

 
119.5+5.24 

 
119.6+4.67 

t  1.83  1.83  1.5 
P  >0.05  >0.05  >0.05 
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Fig. (1): Effects of graded doses of 1 mg, 2mg and 3 mg/kg progesterone on 

coronary blood flow ml/min of premature female dogs. 
N.B: BF after Blood flow after injection  of progesterone 
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Fig. (2): Effects of graded doses of progesterone on Femoral  blood flow ml/min of 

premature female dogs. 
 
 
 
 
 
Table (2): Effects of atropine, α, β blockers and L-NAM alone and followed by 
progesterone on coronary blood flow ml/min of premature female dogs: 
 

Parameter Control 
BF 

Before 

Atropine ,α, β blockers 
followed by 

progesterone 

Control BF 
Before 

L-NAM L-NAM 
followed by 

progesterone 

Coronary BF 
ml/min(mean 6+SD) 

43.2+1.08 49.3+1.6* 43.5+1.11 31.25+0.32* 31.5+1.13* 

t  6.1*  12.2* 11.9* 

P  <0.05  <0.05 <0.05 
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Fig. (3): Effects of atropine� α β � blockers and L-NAM followed by progesterone 

on coronary flood  flow ml/min of premature female dogs  
 
 
 
 
 
 
Table (3): Effects of α, β blocker and L-NAM alone and followed by progesterone on 
femoral blood flow ml/min of premature female dogs: 
 

Parameter 
Control 

BF 
Before 

α blocker 
Phentolamine 

Control 
BF 

Before 

β blockers 
propranolol 

Control 
BF 

Before 
L-NAM 

Control 
BF 

Before 

L-NAM 
followed by 

progesterone 
Femoral 
BF 
ml/min(me
an 6+SD) 

32.7+ 
0.97 

41.65+ 
1.06* 

32.8+ 
0.92 

42.2+ 
1.04* 

33.1+ 
1.03 

21.28+ 
0.49* 

33.1+ 
1.03 

21.3+ 
0.57* 

t  8.9*  9.4*  11.6*  11.6* 
P  <0.05  <0.05  <0.05  <0.05 

BF=Blood flow. 
*=denotes statistical significance. 
P<0.05 =denotes significant results. 
P>0.05= Denotes non significant results. 
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Fig. (4): Effects of α β lockers and L-NAM followed by progesterone on femoral 

blood flow ml/min of premature female dogs. 
 
 

 
DISCUSSION 

 
The present investigation was 

designed in pre-pubertal female dogs 
to examine the effects of progesterone 
which occurred within 1 hour and to 
quantifying regional vascular effects 
and to determine their mechanisms. 
The present results showed that 
intravenous infusion of progesterone 
resulted in an increase in coronary and 
femoral blood flow. These findings 
were obtained in the absence of 
significant changes in arterial blood 
pressure and heart rate, indicating that 
progesterone infusion resulted in a 
vasodilatation in these vascular beds. 
The mechanism of the effect of 
progesterone did not involve 
sympathetic effects. This work was 
designed to quantify the observed 

changes in blood flow which can be 
attributed primarily to progesterone.  

The present results showed 
significant increase in the coronary 
blood flow, it is possible to relate the 
observed changes to the intravenous 
infusion of progesterone mainly. Also 
the observed increase in coronary 
blood flow was obtained in the 
absence of confounding factors which 
can affect this flow, such as arterial 
blood pressure and heart rate[8] . The 
response to progesterone of an 
increase of the coronary blood flow 
was not altered following blocking of 
vagal and sympathetic nerves. Also 
the ability to augment the increase in 
the coronary blood flow by increase 
the dose of progesterone proved the 
direct relationship between the 
hormone and the coronary response. 
In addition, blocking of cholinergic 
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and sympathetic flow to the heart 
before progesterone injection did not 
affect the increase in the coronary  
blood flow. 

The observed changes in femoral 
blood flow may be due to arterial 
distension[12] or stimulation of arterial 
baroreceptors[20]can affect blood flow 
to the kidney and lower limbs through 
sympathetic mechanisms. Also, such 
effects were unlikely since the 
responses of increase in blood flow to 
progesterone were not altered 
following blockade of sympathetic 
effects. In addition, the magnitude of 
the response of increase of blood flow 
in these regions was augmented by 
increasing the dose of infused 
progesterone. Using such an 
experimental design, it was possible 
to attribute the regional vasodilatation 
solely to progesterone. This is 
important in quantifying 
progesterone-induced increase in 
blood flow and in examining the 
mechanisms involved. During the 
examination of the mechanisms 
responsible for the progesterone-
induced vasodilatation. Firstly, the 
infusion experiments before and 
following propranolol and 
phentolamine were performed in the 
absence of changes in arterial blood 
pressure and heart rate, thereby 
excluding the possibility of their 
direct or secondary reflex 
interference. Progesterone has been 
found to modulate arterial 
baroreceptor control of autonomic 
neural output[21,22].. Secondly, the dose 
of propranolol has been used in 
anesthetized pigs to block adrenergic 
receptors[2] and the dose of 
phentolamine has been shown to 
abolish the reflex coronary 

vasoconstriction caused by distension 
of the gallbladder[16]and has been 
previously used to block -adrenergic 
receptors[2].  Similar doses of the 
blocking agents have been used in 
anesthetized dogs to achieve 
autonomic blockade[23]. Similarly, the 
doses of local L-NAME were used to 
abolish regional vasodilatation 
induced by intravenous infusion of 
progesterone[18]. L-NAME was 
administered locally into the regional 
circulation proved  that progesterone-
induced vasodilatation was not caused 
by changes in sympathetic effects. 
Instead, this response was blocked by 
nitric oxide blocker, L-NAME. 
Although this technique does not 
determine the origin of nitric oxide,  
but it may be involved, since L-
NAME is known in general to inhibit 
the formation of nitric oxide[24].  Also, 
it was reported that chronic 
administration of progesterone to 
female pubertal pigs caused regional 
difference of blood flow [25]. 
However, the findings on the 
observed distribution of the acute 
vasodilator effect of estrogen and 
progesterone would cause a more 
widespread vasodilatation than each 
alone. This theory would at least 
explain the reported difficulty of 
showing any detrimental vascular 
effect when adding progesterone to 
estrogen in humans[18]. 
 

CONCLUSION 
 

The present investigation has 
shown that the acute administration of 
progesterone caused a vasodilatation 
in the coronary and femoral vascular 
beds by local  vascular mechanism.  
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دراسة عن تأثير هرمون البروجستيرون على الدورة الدموية في الشريان 
  والشريان الفخذي في إناث الكلاب غير البالغة التاجي

  
  روميساء على الشربينى -محمود عبد الحميد الغريب  

  جامعة طنطا، قسم الفسيولوجى  ـ   كلية الطب
 

رون علـى الـدورة الدمويـة فـى يهدف هذا البحث إلى دراسة تأثير حقـن هرمـون البروجسـتي
و قــد أجــرى هــذا البحــث علــى .كــل مــن الشــريان التــاجي والفخــذي فــي إنــاث الكــلاب الغيــر بالغــة

ثمانيــة عشــرة مــن إنــاث الكــلاب  قســمت الــى ثــلاث مجموعــات تشــتمل كــل مجموعــة علــى ســتة 
قـــن كـــلاب  وقـــد تـــم تخـــدير الكـــلاب  ببثيوبنتـــال   الصـــوديوم  ثـــم فـــنح الصـــدر والـــبطن وبعـــد ح

البروجســتيرون تــم تجميــع الــدم مــن الشــريان التــاجى عــن طريــق أنبوبــة مــورواتيز وفــى الشــريان 
الفخـذى بعـد ربــط الوريـد الحرقفـى ويــتم تجميـع الـدم مــن الوريـد الفخـذى بعــد حقـن البروجســتيرون 

كجــم لمــدة ســاعة  مــن العــودة الــى  حالــة مــا قبــل /مجــم٣مجــم، ٢،مجــم١تــدريجيا بجرعــة تســاوى 
اســة ميكانيكيــة عمــل هرمــون البروجســتيرون علــى الــدورة التاجيــة تــم حقــن الأتــروبين الحقــن ولدر 

والفنتــولامين والبروبرانولـــول فـــى نفــس الوقـــت وهـــى عبـــارة عــن مثبطـــات للجهـــاز الباراســـيمباثاوى 
قرة والســيمباثاوى ثــم حقــن البروجســتيرون وتــم تجميــع الــدم وقياســه وبعــد العــودة الــى الحالــة المســت

كمـا تـم .ثم حقن البروجستيرون ، ثم جمع الدم وقياس كميته) مثبط أكسيد النيتريك(حقن الإلنام 
مـــع البروجســـتيرون ثـــم البروبرانولـــول ) مثـــبط ألفـــا(قيـــاس التغيـــر النـــاتج  عـــن حقـــن الفنتـــوللامين 

كـل مـع البروجسـتيرون ثـم الإلنـام أيضـا مـع البروجسـتيرون وتـم قيـاس حجـم الـدم فـي )مثبط بيتا(
وقــد لــوحظ مــن نتــائج هــذا البحــث أن حقــن هرمــون البروجســتيرون يســبب زيــادة ذات دلالــة . مــرة

وأن ،إحصائية في الدورة الدمويـة التاجيـة وفـى الوريـد الفخـذى تـزداد بزيـادة جرعـة البروجسـتيرون
حوظـة هذه الزيادة لا تتأثر بمثبطات الجهازالسيمباثاوى أو الباراسيمباثاوى ولكنها تقـل بطريقـة مل

بعد حقـن الإلنـام ممـا يـدل علـى أن البروجسـتيرون يعمـل علـى زيـادة الـدورة الدمويـة فـى كـل مـن 
ويستخلص من هذا البحـث أن هرمـون البروجسـتيرون يعمـل مباشـرة . الشريان التاجى و الفخذى

 .على الأوعية الدموية


