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It is well known that if veratxine [14], serum [15], 
or other substances are injected into the circulation, 
complex reflex reactions arise, in the form of hypoten- 
sion, bradyeardia, and changes in the rate and depth of 
respiration. It has been shown that these reactions are 
the result of afferent impulses from various vascular re- 
ceptor zones: the coronary vessels [16, 17, 18, 24], the 
carotid sinus zone [21], and, especially, the pulmonary 
vessels, The last of these has been demonstrated by an 
original method involving the injection of stimulating 
substances (veratrine, aconitine, nicotine, and ammo- 
nium chloride) into a lobe of the lung that has been iso- 
lated from the circulation [5], and of veratridine, by 
catheterization of the right side of the heart or the pul- 
monary artery [13]. 

The latent period for reflexes originating in the 
receptors of the pulmonary vessels is 3-4 seconds, when 
the stimulating substance is injected into the right 
atrium [19]. The reflex reactions that appear after8-10 
seconds or more can be attributed to the influence of 
the chemical substances on the receptors of the coron- 
ary vessels, as well as their direct effect on the central 
nervous system [23]. 

Since afferent impulses from the receptors of the 
pulmonary vessels reach the brain stem only by way of 
fibers in the vagus nerve, the central components of 
these reflexes have synapses in the more caudal portion 
of the medulla. It is known from the work of V. V. 
Zaknsov [6, 7, 8] that reflexes having synapses at this 
level in the central nervous system - e.g., the respira- 
tory reflexes - are characterized by their stability to 
general anesthetics. This is in agreement with the fact 
that physiological investigations of reflexes from the 
lungs have usually been carried out on animals under 
general anesthesia. At the same time, individual gen- 
eral anesthetics show marked differences in their effects 
on different portions of the reticular formation of the 
brain stem [3, 4]. There is no doubt that depression of 
the functions of various brain stem structures by general 

anesthetics, analgesics, and neuroplegics can affect the 
character of reflexes from the pulmonary vessels. 

The paucity of investigations in this area and the 
practical interest in the depression of reflexes from the 
lungs led us to study the effects of urethan, pentobarbital, 
hexobarbital, morphine, promedol, and chlorpromazine 
on the eompIex reflex reactions arising in response to 
injection of the stimulating agent into the vessels of 
the pulmonary circulation. 

I n j e c t i o n  of  S t i m u l a t i n g  S u b s t a n c e s  i n t o  
a P u l m o n a r y  L o b e  I s o l a t e d  f r o m  t h e  C i r c -  

u l a t i o n  

Experiments were carried out by the method de- 
veloped in the Institute of Pharmacology and Chemo- 
therapy, USSR Academy of Medical Sciences, on cat~ 
anesthetized with urethan (1.a mg/kg intraperitoneally). 
In this series of experiments we studied the effect of 
morphine and promedol on the hypotemion and brady- 
cardia originating reflexly from the receptors of the 
pulmonary vessels. Each experiment was performed on 
two cats, one of which served as donor, supplying blood 
to a lobe of the other cat's right lung, which was isolated 
from the rest of its circulation. In the second cat, fem- 
oral artery blood pressure and pulse were recorded on 
a kymograph drum by means of a mercury manometer. 
The donor underwent bilateral vagotomy for the preven- 
tion of reflex cardiovascular reactions on the donor side. 
Pollowing data from special studies in this area [20], 
bovine serum stored for 8-10 weeks was used as a stim- 
ulating agent, and when 3-4 ml of this was injected 
into the artery of the isolated pulmonary lobe,typical 
reflex reactions resulted. Artificial respiration was 
used for both cats. Because of the desensitization of 
vascular receptors to serum [18], as well as to other 
substances [5], morphine and promedol were injected 
into the femoral vein in doses of 1 mg/kg ten minutes 
before serum was injected into the isolated lobe. 
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blypotension and bradycardia were observed both 
after promedol and after morphine. In three experi- 
ments analgesics were injected during the period be- 
tween thefirst and second serum injections. In this 
group of experiments morphine failed to reduce the 
hypotensive reaction, and the bradycardia was even 
more pronounced (Fig. 1). The change in the magni- 
tude of reflex reactions under the influence of prome- 
dol was difficult to evaluate, since the observed dim- 
inution might result from desensitization of the recep- 
tors to the stimulus. 

Thus, from these experiments we could conclude 
that both morphine and promedol are ineffective in 
preventing these reflex cardiovascular reactions from 
the receptors in the pulmonary vessels. The change in 
the magnitude of these reflex reactions under the influ- 
ence of analgesics was investigated in the next series of 
experiments. 

I n j e c t i o n  of  S t i m u l a t i n g  S u b s t a n c e s  i n t o  
t he  R i g h t  A t r i u m  

Investigations were carried out on cats anesthetized 
with urethan injected intraperitoneally and supplemem- 
ally by vein, and also on rabbits without anesthesia. 
Stimulating substances were injected into the right 
atrium by a catheter; in experiments on eats the sub- 
stance used was serum, and in experiments on rabbits 
it was veratrine hydrochloride (15-20 g g in 0.005 % 
solution), since serum evoked a barely perceptible 
reaction in rabbits. Respiration was recorded, and 
blood pressure and pulse were recorded from the corn- 

mon carotid artery. In estimating the magnitude of the 
hypotensive reaction in these experiments, we consi- 
dered only the "primary" hypotension determined 5-6 
seconds after injection of the stimulating substance into 
the right atrium and reflecting reflexes exclnsively 
from the pulmonary vessels [19]. In view of the fact 
that a number of authors [5, 18, etc.], have reported 
desensitization of receptors of the pulmonary vessels 
upon frequent injection of stimulating substances, these 
substances were injected at intervals of 20-25 minutes. 
Under these conditions the reflex reactions retained 
their intensity through 4-5 repeated injections of serum 
into cats and veratrine into rabbits, in control experi- 
ments. All the pharmacological substances were injec- 
ted intzavenously by the drop method. 

In this series of experiments morphine and promed- 
ol in doses of 1 mg/kg showed an inconstant effect on 
the cardiovascular component of the reflex reaction in 
cats. Thus, out of eight experiments with promedol, 
hypotemion and bradycardia increased (by 10-20.%) in 
three (Fig. 2a), were briefly diminished (by not more 
than 30%~ in four, and remained unchanged in one, Of 
five experiments with morphine, an increase (20%) in 
the hypotension and bradycardia was noted in three 
experiments, and no change was observed in two. 

In the experiments on rabbits, injection of promed- 
ol in a dose of I mg/kg generally caused an initial re- 
duction (40-50%) in cardiovascular reactions, with sub- 
sequent elevation to the original level, Morphine (in 
a dose of 1 mg/kg) had essentially no effect on the 
hypotension and bradycardia, or slightly enhanced them�9 
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Fig. t. Reflex reactions upon injection of serum 
(4 ml) into lobe of right lung isolated from circula- 
tion, before (a) and 13 minutes after (b) injection 
of morphine (1 mg/kg). Cat weighing 3.2 kg;anes- 
thesia-urethan, 1.3 mg/kg intraperitoneally. Figures 
are heart rate calculated as beats per minute. Inter- 
pretation of curves (top to bottom): blood pressure, 
marker indicating serum injection, time marker (1 
second). 
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As regards the respiratory component of this reaction- 
under the influence of analgesics, especially promedol, 
the appearance of an expiratory respiratory pause or the 
lengthening of this pause was observed. This pause 
was more pronounced in cats, particularly in those ex- 
periments where intensification of bradycardia was ob- 
served (see Fig. 2a). In rabbits this effect was observed 
later than in cats, and also coincided with the moment 
of intensification of bradycardia. 

In the experiments on eats urethan in a dose of 
1-1.25 mg/kg had no noticeable effect on the cardio- 
vascular reactions. The character of the respiratory 
reflex was determined from the depth of anesthesia: in 
incomplete anesthesia an increase in the amplitude of 

respiration was observed, and when anesthesia was 
deepened by injection of urethan into the vein, a respira- 
tory pause appeared in the expiratory phase (Fig. 2b). 
In rabbits hexobarbital in a dose of 85 mg/kg (2/8 of 
the anesthetic dose) compietely reversed the bradycard- 
ia and reduced hypotension (by 40-50%). Pentobarbital 
in doses of 5 mg/kg in rabbits (1/5 of the anesthetic 
dose) and 10-15 mg/kg in cats (1/3-1/2 of the anesthe- 
tic dose) greatly weakened the whole reflex complex: 
the hypotension was depressed by 70-80%, andthebrady- 
cardia completely, the respiratory reaction also being 
reduced (Fig, S). 

In experiments on cats, chlorpromazine in a dose 
of 1-2 mg/kg reduced all three components of the re- 
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Fig. 2. I. Reflex reactions to injection of serum (0.8 ml) into 
the right atrium, before (a), ten minutes after (b), and 30 min- 
utes after (c), injection of promedol (1 mg/kg).Cat(weight 4.8 kg)~ 
incomplete anesthesia - 1 mg/kg intraperitoneally. II. Reflex 
reactions to injection of serum (0.8 ml) into the right atrium in 
incomplete urethan anesthesia (d) and after anesthesia was 
deepened to become complete (e), Cat (weight 3.3 kg); anesthesia - 
urethan, 1 mg/kg intraperitoneally plus 0.S mg/kg intravenously. 
Figures are heart rate calculated as beats per minute. Interpretation 
of curves (top to bottom)~ respiration (inspiration is downward), blood 
pressure, marker indicating stimulus injection into the right atrium, 
time marker (1 second). Designations as in Fig. 1. 
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flex reaction by roughly 50%. In this case bradycardia 
returned to its initial level after 1-1{ hours, whereas 
the hypotensive reaction remained at the reduced level. 
In experiments on rabbits, chlorpromazine in a dose of 
1-1.6 mg/kg completely suppressed the whole reflex 
complex, and restoration of these reactions began two 
hours after it was injected. Since chlorpromazine 
lowered blood pressure by 40-50%, we carried out con- 
trol experiments on cats and rabbits, in which the blood 
pressure was lowered to the same extent by hemorrhage 
(20-25 ml of blood). The intensity of the hypotension 
was maintained to the same extent, or was reduced by 
not more than 10%, and the bradycardia was actually 
intensified. 

It follows from the data above that reflex reac- 
tions originating in the receptors of the pulmonary ves- 
sels, with afferent impulses proceeding along the vagi, 
are affected to different degrees by different anesthetics. 
Urethan, as general anesthesia deepens, "facilitates" 
expiration without having any material effect on the 
hypotension and bradycardia. The change in the 
character of the respiratory reflex indicates that under 
the influence of this anesthetic the expiratory "center" 
in the cranial portion of the dorsolateral formation of 
the medulla is liberated from inhibitory influences ex- 
erted by higher divisions of the central nervous system. 
Thus, the depressant effect of urethan in the brain stem 
is slight, and in the usual anesthetic doses it does not 
reach the caudal portion. Pentobarbital in doses of 
i / 5 - 1 / 2  the anesthetic dose markedly inhibits the 
whole reflex complex; this shows that pentobarbital 
simultaneously depresses different brain stem structures 
at the same time, including those that are located in 
the caudal portion of the brain stem. With hexobarbital 
this effect is weaker than with pentobarbital. The dim- 
inution of bradycardia under the influence of barbiturates 
is explained, in addition, by their ganglion-blocking 
action [11, 12]. 

Morphine and promedol also have different effects 
on reflexes from the receptors of the pulmonary vessels, 
a species difference being noted in the action of the 
latter: in rabbits promedol first inhibits the entire reflex 
complex to some extent, and then "facilitates" expira- 
tion and enhances bradycardia; in cats, on the other 
hand, the first phase of the action of promedol is almost 
absent. In both rabbits and cats morphine either has no 
noticeable effect or else enhances hypoteusion and 
bradycardia and "facilitates" expiration. A difference 
in the action of these two analgesics has also been ob- 
served in relation to other effects. For example, prom- 
edol is more active than morphine in depressing reflexes 
originating upon stimulation of the deep portions of the 
respiratory tract [9], and in depressing inhibition of the 
knee-jerk reflex elicited by electrical stimulation of 
the cerebellum [1]. Apparently the depressant effect of 
promedol in the central nervous system is less selective 
than is the case with morphine. 
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Chlorpromazine inhibits the whole reflex complex 
originating in the pulmonary vessels to a greater or 
lesser extent, depending on the species of the animal, 
which is in agreement with data on chlorpromazine 
suppression of most of the inhibitory and facilitatory 
structures in the brain stem [10]. 

The depressant action of chlorpromazine, prome- 
dol, and pentobarbital on reflexes from the pulmonary 
vessels is more constant and more marked in rabbits 
than in cats. This species difference probably is con- 
nected with the functional predominance of the descend- 
ing activating systems in eats as compared with these 
systems in rabbits. This may also explain certain pecu- 
liarities in the character of the reflexes. For example, 
in cats the amplitude of respiration increases as a con- 
sequence of the intensification of expiration, but in 
rabbits, inspiration is intensified; in cats, too, brady- 
cardia and hypotension are usually more pronounced. 
The same species peculiarities in these reflexes have 
also been observed following injection of serotonin into 
the circulation [22]. 

The "facilitation" of expiration and bradyeardia 
observed under the influence of urethan and analgesics 
should be regarded as the result of the removal by these 
substances of inhibitory influences from other portions 
of the central nervous system [2, 3, 4]. 

Of the analgesics, promedol exerts a diphasic effect 
on reflexes from the pulmonary vessels in the rabbits, 
first inhibiting ahem, and then enhancing bradycardia 
and nfacilitating" expiration. In cats the first phase in 
the action of promedol is slight and irregular. Morphine 
either has no effect on these reflexes or else enhances 
them. 

Chlorpromazine completel~ suppresses the entire 
reflex complex in rabbits, and in cats, it depresses the 
complex by not more than 50%. 

SUMMARY 

The results of the experiments described in this 
paper demonstrate that the reflex reactions to injection 
of a stimulating substance into the pulmonary circula- 
tion change differently under the influence of different 
anesthetics: Urethan nfacilitates" expiration without 
affecting the cardiovascular component; pentobarbital 
tends to depress the whole reflex complex to various de- 
grees; while hexobarbital primarily depresses the brady- 
cardia. The bradycardia may also be reduced on ac- 
count of the ganglionic blocking action of the barbitur ~ 
ates. Promedol, an analgesic, has a diphasic effect on 
the reflexes from the pulmonary vessels: It first de- 
creases them and then intensifies bradycardia and 
"facilitates" expiration. In cats the first phase of the 
promedol effect is slight and irregular. Chlorpromazine 
depresses the entire reflex complex completely in rab- 
bits, but by not more than 50% in cats. 
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Fig. 3. Reflex reactions upon injection of  veratrine hydrochloride (20 pg) 
into the right atrium, before (a), 5 minutes after (b), and 25 minutes af- 
ter(c), injection of nembutal (5 mg/kg) .  Rabbit (weight 2.6 kg); with- 
out anesthesia. Designations as in Fig. 2, I. 
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