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intact ones, but this difference virtually disappeared 
if the activity increase is assessed against the basal 
level. This reflects selective activation of NE release 
in response to the given stimulus by the sympathetic 
terminals, and not by the adrenal medullae. 
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The effect of the peptide FMRFa  on arterial pressure, heart rate, and respiratory rate is 
examined in anesthetized rats. It is demonstrated that the effect of FMRFa is similar to 
that of  epinephrine and is characterized by transient hypertension against the background 
of  bradycardia and decreased respiratory rate followed by hypotensive phase. Opiate 
antagonists and agonists do not modify the effect of  FMRFa. Pressor effect of  FMRFa is 
inhibited by Aminazine and is abolished by dihydroergotanline, while clopheline, reserpine, 
propranolol, Dimedrol, and adrenalectomy have no appreciable effect on it. It is suggested 
that the effects of  FMRFa  are realized via vascular adrenoreceptors. 
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The tetrapeptide Phe-Met-Arg-Phe-NH 2 (FMRFa) is 
a paraopioid [1] exhibiting pronounced therapeutic 
activity under conditions of  clinical death and hypo- 
baric hypoxia [2,7]. FMRFa  produces hypertensive 
effects in intact rats [4,9]. The physiological mech- 
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anisms of  these effects are obscure. In the present 
study we analyzed the possible mechanisms under- 
lying cardiohemodynamic effects of  FMRFa.  

MATERIALS AND METHODS 

Experiments were performed on 49 albino rats of  
both sexes (body weight 180-220 g) under  Nembutal 
anesthesia. Before experiment, tracheotomy was per- 
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formed and catheters were inserted into the common 
carotid artery for arterial pressure (AP) measure- 
ments and into the femoral vein for FMRFa infu- 
sions. To prevent blood coagulation the rats were in- 
jected with 500 U/kg heparin. The autonomic func- 
tions were assessed by measuring heart rate (HR), 
respiratory rate (RR) and mean AP, which were 
recorded by the standard methods throughout the 
entire experiment. FMRFa was infused intravenously 
in a dose of  0.1 mg/kg in 0.1 ml of normal saline. 

Pharmacological analysis was carried out after 
administration of  the peptide against the background 
of dihydroergotamine (1.0 mg/kg), Aminazine (25.0 
mg/kg), clopheline (0.5 mg/kg), propranolol (1.0 
mg/kg), atropine (5.0 mg/kg), Tremblex (0.1 rng/kg), 
Dimedrol (5.0 mg/kg), reserpine (5.0 mg/kg 24 h 
and 4 h before experiment), naloxone (5.0 mg/kg), 
fentanyl (0.005-0.01 mg/kg), and dalargin (0.25 mg/kg). 
All preparations were infused intravenously; clophe- 
line and reserpine were injected intraperitoneally. In 
a separate series o f  experiments, FMRFa was in- 
jected against the background of  adrenalectomy, 
vagotomy, and stabilized respiration. The cardio- 
hemodynamic effects of FMRFa were compared with 
those of  norepinephrine (0.1 rng/kg intravenously) and 
YGGFMRF-amide (0.1 mg/kg intravenously). Each 
rat received 1-3 infusions of  FMRFa at 15-30-min 
intervals. The significance of  differences was eva- 
luated by standard Fischer's and Student's tests. 

RESULTS 

In the control series (n=12), FMRFa induced two- 
phase changes in AP, HR, and RR (Fig. 1). High 
transient (3-3.5 rain) hypertension was observed im- 
mediately after infusion of  FMRFa. By the 30th sec 
after infusion, AP increased by 50 mm Hg and then 
(4th min) dropped 29.4 m m  Hg below the initial 
level. An increase in AP was accompanied by a 
decrease in HR (by 170 beats/min on average) and 
a decline in RR to apnea. Normalization of  HR and 
respiration were observed as AP decreased; moderate 
tachycardia and tachypnea occurred during the hypo- 
tensive phase of  FMRFa effects. All parameters re- 
ached the norm after 10-15 min. It was found that 
rats develop pulmonary edema within 1.5-2 h; some 
animals died 5-10 rain after administration of FMRFa. 
These animals were excluded from statistical analysis. 

When FMRFa  was infused against the back- 
ground of  the opiate antagonist naloxone (n=7) and 
opiate agonists fentanyl (n=6) and dalargin (n=4), 
hemodynamic and respiratory parameters did not 
differ considerably from the control (Fig. 2), which 
argues against the antiopioid activity of  the peptide 
[6,11]. It should be noted that the endogenous opioid 
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Fig. 1. Effect of FMRFa on arterial pressure (a), heart rate (b), and 
respiratory rate (c) in rate. 

peptide YGGFMRFa,  a tentative FMRFa precursor, 
induced a transient (30-60 sec) hypotension accom- 
panied by moderate bradycardia (n=7); this effect 
was blocked by naloxone. 

Vagotomy (n=3) and administration of  atropine 
(n=6) abolished, while blockade of  central cholin- 
ergic structures by Tremblex (n=6) inhibited FMKFa- 
induced bradycardia, producing no statistically sig- 
nificant effects on AP and RR. After administration 
of  FMRFa to artificially ventilated rats (n=4), cardio- 
hemodynamic parameters did not differ significantly 
from the control, al though HR was significantly 
higher during the hypotensive phase. Dhnedrol (n=5) 
and propranolol (n=6) abolished this effect and po- 
tentiated subsequent tachycardia. 

Sympatheticoadrenal system is known to be in- 
volved in the realization of the effects of  FMRFa [4]. 
However, in our experiments the central adrenolytic 
clopheline (n=9) as well as adrenalectomy (n=3) and 
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Fig. 2. Pressor effect of FMRFa (1) against the background of fen- 
tanyl (2), dalargin (3), and naloxone (4). 
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Fig. 3. Effects of Aminazine (2) and dihydroegrotamine (3) on pres- 
ser effect of FMRFa (1). 

depletion of  endogenous catecholamine stores with 
reserpine (n=5) produced no appreciable effects on 
respiratory and hemodynamic effects of FMRFa.  

Against the background of  the central and peri- 
pheral adrenoblocker Aminazine (n=6) the peptide 
produced a weak pressor effect attended by pro- 
nounced tachycardia (Fig. 3): AP increased by 12.2 
mm Hg, HR increased by 59.4 beats/min, while RR 
remained unchanged. The peripheral adrenoblocker 
dihydroergotamine (n=6) abolished pressor effect of  
FMRFa,  which was accompanied by pronounced 
tachycardia (Fig. 3). Arterial pressure decreased by 
19.5 m m  Hg, while HR increased by 85 beats/rain. 
Respiratory rate did not  change. It should be noted 
that norepinephrine (n=4) modified AP, HR, and 
RR similarly to FMRFa, although without the hypo- 
tensive phase and with significantly greater tachy- 
cardia. 

Thus, we have shown that intravenous infusion 
of 0.1 mg/kg FMRFa  induces a two-phase AP re- 
sponse in intact rats. This response coincides with 
modulat ions of  respiratory and cardiac activities. 
Hypertensive activity of  the peptide does not depend 
on activation or blockade of  opiate receptors and is 
realized via adrenergic mechanisms. Presumably, the 
role o f  the central adrenergic mechanisms in the 
pressor effect of the peptide is minimal, and the 
effect is not associated with the release of endogenous 
catecholamines. Bearing in mind that epinephrine 

induces a two-phase hemodynamic response, which 
is similar to that observed in FMRFa-treated rats 
[3,5], and the fact that FMRFa inhibits anxiogenic 
effect of yohimbine and reduces insulin secretion by 
perfused pancreas [8,10], it can be suggested that 
cardiohemodynamic effects of systemically admini- 
stered FMRFa result from direct activation of peri- 
pheral adrenergic receptors, i.e., it acts as an endo- 
genous peptide ligand of  these receptors. 
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