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Papaverine, one of the benzylisoquinoline de-
rivatives of opium, has found its primary useful-
ness as a relaxer of the smooth muscle of blood
vessels (1). Numerous reports are to be found
in the literature as to its effectiveness in the treat-
ment of occlusive and spastic conditions of the
pulmonary (2), coronary (3) and peripheral
arteries (4-6). In recent years, Russek and
Zohman have reported clinical studies in which
they felt papaverine had been demonstrated to be
an effective therapeutic agent in the treatment
of vasospastic conditions involving the cerebral
vessels (7). Experimental demonstration of the
effect of papaverine hydrochloride on the cere-
bral vessels has been limited to a report by
Shenkin of the effect of 0.06 gm. of the drug intra-
venously in four patients judged to have de-
creased cerebral circulation (8). He noted no
significant change in cerebral circulatory func-
tions other than a reduction of mean arterial blood
pressure and cerebral vascular resistance. The
purpose of this paper is to report our findings on
the effects of intravenous papaverine on cerebral
blood flow and metabolism in 18 subjects, as
measured by the nitrous oxide technique (9).

METHOD

Eighteen hospital patients were chosen, the two largest
component groups being patients with acute and chronic
liver disease (seven), and normal middle-aged and el-
derly people (five). There was no purpose in this selec-
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tion of patients except that the cerebral metabolism of
these groups was. under study for other purposes. The
remainder of the subjects (six) were chosen at ran-
dom. All patients were males and ranged in age from
25 to 79 years. A control cerebral blood flow was per-
formed using the modification of the original nitrous
oxide technique previously described (10), in which con-
tinuous simultaneous samples of blood are drawn from
the internal jugular bulb and femoral artery over the ten-
minute period of nitrous oxide inhalation to measure mean
arterio-venous nitrous oxide difference. The papaverine
was administered intravenously in doses of 0.2 gm. in
200 cc. normal saline over a period of about 15 to 20
minutes. The second blood flow measurement was be-
gun approximately five to eight minutes after the intra-
venous solution had been started. Arterial pressure meas-
urements were made by the auscultatory method every
two minutes throughout the procedures, with the arm
held at heart level. Mean pressures were calculated from
the formula MP = Diastolic pressure + 14 pulse pressure.
These readings were checked on several patients by di-
rect pressure readings on a U tube mercury manometer.
In all instances calculated and direct pressures agreed
closely. Blood samples for oxygen determinations were
drawn before and after each blood flow measurement,
and the average was used as the final arterial-cerebral ve-
nous oxygen difference. The oxygen measurements were
done by the spectrophotometric method of Hickam and
Frayser (11). Cerebral oxygen consumption and cere-
bral vascular resistance were calculated in the usual man-
ner. Cerebral venous oxygen tension was not measured
directly, but was computed from cerebral venous oxygen
content by means of an oxygen dissociation curve drawn
for pH 74. :

RESULTS

The data obtained from these studies are pre-
sented in Table I. As may be seen, there was a
statistically significant increase in cerebral blood
flow (CBF) from a mean of 56.6 to 63.9 ml./100
gm. brain/min. (p = 0.013), an increase of 13%.
This was associated with a statistically significant
decrease in cerebral vascular resistance (CVR),
from a mean of 1.67 to 1.40 mm. Hg/ml. blood/
100 gm. brain/min. (p= < .01). The mean
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arterial-cerebral venous oxygen difference de-
creased from 6.64 to 5.86 vol.% (p= < .01),
commensurate with the increase in CBF, so that
cerebral oxygen consumption showed no signifi-
cant change. Mean arterial pressure fell from
98 to 85 mm. Hg, a statistically significant de-
crease. Mean cerebral venous oxygen tension
increased slightly but significantly (p < 0.01),
from 30.5 to 32.1. As can be seen from Figure
1, cerebral blood flow actually decreased slightly
in five of the 18 subjects. The reasons for this
cannot be stated with surety, but it seems likely
that it was due to experimental error in the pro-
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cedure, perhaps in the analysis of the blood sam-
ples for nitrous oxide, because in four of these
five patients, the arterial-cerebral venous oxygen
difference decreased, and in the fifth it was un-
changed. Since the determination of the arterio-
venous oxygen difference is subject to less error
than measurement of the cerebral blood flow, it
is probable that the blood flow determinations
were inaccurate. In only one of these five (R. W,
Table I) was the difference between the control
and papaverine determination outside experi-
mental error. The subjects in whom this phe-
nomenon occurred had no physiological similarity

TABLE 1
Comparison of cerebral functions (controls and after i.v. papaverine)
Cerebral blood | Arterial-cerebral Cerebral O Mean Cerebral Cerebral
flow venous Oy consumption arterial vascular venous O
(ml./msn.[100 difference (ml. Os/msin./ pressure resistance tension
Pt. Age Diagnosis gm. brain) (vol. %) 100 gm. brain) (mm. Hg) (units) (mm. Hg)
Before After | Before . After | Before After | Before After | Before After | Before After
A.G. 34 Homologous 53 74 599 556 | 3.15 4.12 81 76 | 1.54 1.03 | 27 28
serum
jaundice
D.H. 42 Arthritis, 51 60 7713 7.03 | 3.93 4.21 85 84 | 1.67 140 | 26 29
infectious . :
M.R. 79 Normal old 40 53 932 7.27 ] 3.73 3.85 94 95 | 235 1.79 | 2§ 29
age
C.B. 40 Laennec's 63 71 580 473 | 365 3.36 | 101 85 | 1.60 120 | 3t 33
cirrhosis
H.M. 38 Laennec's 45 44 478 330 | 2.15 145 87- 80 | 193 182} 38 44
cirrhosis
P.M. 58 Laennec's 64 68 490 4.70 | 3.13 3.19 90 85 [ 141 1251 25 26
cirrhosis
C.B. 58 Normal 47 74 6.54 5.21 | 3.08 3.86 90 68 | 191 092 | 31 36
middle age
R.L. 33 Viral 55 59 776 6.96 | 4.27 4.11 93 80 | 1.69 129} 29 32
hepatitis
M.S. 50 Normal 66 79 6.66 566 | 440 447 | 97 91 | 147 115 ] 32 34
middle age
G.0. 56 Laennec'’s 55 54 512 4.13 | 2.81 2.23 81 72 | 147 133 | 34 38
cirrhosis
C.C. 53 Normal 59 67 713 6.54 | 421 4.37 79 78 | 1.34 116 | 30 32
middle age
R.E. 51 Cerebral vas- | 47 45 698 555 | 3.28 2.50 92 98 | 196 2.16 | 30 34
cular disease
J.R. 44 Normal 60 64 6.15 558 | 3.69 3.57 | 104 88 | 1.714 137 | 32 33
middle age
M.D. 31 Idioglathic 63 83 6.31 6.18 | 3.95. 5.13 | 102 97 | 1.62 1.17 | 33 33
epileps
R.G. 47 M:cltip e.y 59 54 764 7.16 | 4.50 3.85 85 79 | 144 146 | 30 30
. erosis
R.W. 34 Essential 65 46 746 730 | 485 3.36 | 145 132 | 2.23 2.87 | 32 33
hypertension
P.B. 25 iral 51 73 836 7.57 | 4.27 5.53 83 70 | 1.63 096 | 29 30
hepatitis
L.R. 53 Mild bronchial | 75 82 494 481 ] 370 394 79 78 | 1.05 095 | 36 35
asthma
Mean values 566 639 | 664 586 | 3.72 3.74 98 85 | 1.67 140 | 30.5 32.1
P values 0.013 <0.01 >0.5 <0.01 <0.01 <0.01

Mean difference

t= Std. error of mean difference *
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Fi1c. 1. INpIvIDUAL DETERMINATIONS oF CEREBRAL BLOOD FLOw, EXPRESSED AS PERCENTAGE
CHANGE FROM THE CONTROL VALUES RESULTING FROM THE ADMINISTRATION OF PAPAVERINE,
NicotINICc AcID AND PROCAINE BLOCK OF THE STELLATE GANGLION

to explain it. Figure 1 also compares the percent-
age change in cerebral blood flow due to papav-
erine as compared to that due to nicotinic acid
and stellate block, which were previously reported.
The great preponderance of increases in blood
flow following papaverine, as compared to the
other two, is evident. The mean cerebral blood
flow in the control series is somewhat below the
value established for normal young men (mean
of 65) (10) and is probably due to the fact that
this study included a heterogeneous population of
various disease states, as well as normal elderly
subjects, for whom no normal mean value h

been established. '

DISCUSSION

In light of our past knowledge of papaverine,
its action in causing relaxation of the smooth
muscle of arteries and arterioles seems the best
explanation for the decreased cerebral vascular
. resistance and increased cerebral blood flow noted
is this study. There was no reason to suspect
anoxia or decreased blood pH (12) of playing a
role in these results for arterial O, content was
unchanged after papaverine, as was blood pH in
* the several patients in whom it was measured.
Although CO, tension of the blood was not meas-
ured, there was no reason to suspect that it was
increased as a result of papaverine administration.
The decrease in arterial pressure is suggestive
evidence that the papaverine probably causes

arteriolar dilatation, although this is certainly not
localized to the brain. The possibility of con-
tamination of internal jugular blood by extra-
cerebral blood from increased blood flow to the
skin of the face, thus causing abnormally high
values for cerebral blood flow, must be con-
sidered just as with the intravenous administra-
tion of nicotinic acid (13). In none of the pa-
tients reported, however, was any facial flush
noted during the administration of the papav-
erine.. In six of the patients in whom cerebral
blood flow was increased, the cerebral arterio-
venous oxygen difference was measured after 100
mgm. nicotinic acid were given intravenously. In
only one subject did the results indicate the
presence of facial contamination, and these data
were therefore discarded.

It is worthy of note that much of the repute
gained by papaverine as a vasodilator is based on
clinical rather than experimental studies. In
coronary artery disease it is reported as being
highly effective in relieving angina (3). In occlu-
sive diseases of the peripheral arteries, many au-
thors have reported papaverine as being a highly
effective agent (5, 6), especially in relieving the
vasospasm associated with acute obstructive epi-
sodes. '

A recent study in normal subjects wherein the
effect of various drugs on the peripheral vessels
was recorded by use of venous occlusion plethys-
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mography, skin temperatures and radioactive so-
dium uptake from the gastrocnemius muscle has
shown that intravenous papaverine has a moderate
vasodilating effect on the vessels in the skin and
subcutaneous tissue in some individuals (14).
The drug was not as effective as priscoline as a
vasodilator and less than 50% of the subjects
showed any significant vasodilatation. It is un-
derstood by the authors that laboratory studies
of this sort may have no specific bearing on purely
clinical data.

In recent years clinical studies have reported
papaverine to be an effective drug in the treat-
ment of diseases of the cerebral vessels. Rus-
sek and Zohman reported 46 cases of vascular
encephalopathy due to hypertension, acute
glomerulonephritis and similar disease states, all
of whom showed definite beneficial effects from
the administration of papaverine (7). It does not
seem that the small increase in cerebral blood
flow produced by papaverine would result in the
profound clinical changes reported by these au-
thors. On the other hand it should be pointed
out that in none of our subjects was there reason
to suspect acute cerebral vascular changes which
might have been reversed by a cerebral vasodilat-
ing agent. For that reason final conclusions on
the clinical efficacy of papaverine as a vasodilator
must be reserved until such time as appropriate
subjects can be studied.

These studies also indicate that just as in other
portions of the vascular tree, a pronounced indi-
vidual variability of response to papaverine is
seen. It is of interest that papaverine does. in-
crease cerebral blood flow, since it is one of the
few agents of those thus far reported that does so.

SUMMARY

1. Intravenous papaverine hydrochloride, in
doses of 0.2 gm. administered in 20 minutes, re-
sults in a 13% increase in cerebral blood flow, a
commensurate decrease in arterial-cerebral ve-
nous oxygen difference, with no change in cere-
bral oxygen consumption, and a decrease in
cerebral vascular resistance and cerebral venous
oxygen tension.

2. It is thought that the mechanism whereby
papaverine increases cerebral blood flow and de-
creases cerebral vascular resistance, is its direct
vasodilating effect on cerebral vessels.

10.

11.

12.

13.

14.

H. W. JAYNE, P. SCHEINBERG, M. RICH, AND M. S. BELLE

REFERENCES

. Goodman, L., and Gilman, A., The Pharmacological

Basis of Therapeutics; A Textbook of Pharma-
cology, Toxicology and Therapeutics for Physi-
cians and Medical Students. Macmillan Co., New
York, 1941.

. de Takats, G., and Jesser, J. H., Pulmonary em-

bolism, suggestions for its diagnosis, prevention
and management. J. A. M. A,, 1940, 114, 1415.

. Elek, S. R,, and Katz, L. N., Some clinical uses of

papaverine in heart disease.
120, 434.

J. Ac M. A, 1942,

. Littauer, D., and Wright, I. S., Papaverine hydro-

chloride. Its questionable value as a vasodilating
agent for use in treatment of peripheral vascular
diseases. Am. Heart J., 1939, 17, 325.

. de Takats, G.,, The use of papaverine in acute ar-

terial occlusion. J. A. M. A,, 1936, 106, 1003.

. Allen, E. V., and MacLean, A. R., Treatment of sud-

den arterial occlusion with papaverine hydrochlo-
ride: report of case. Proc. Staff Meet, Mayo
Clin., 1935, 10, 216.

. Russek, H. I., and Zohman, B. L., Papaverine in cere-

_bral angiospasm (vascular encephalopathy). J. A.
M. A, 1948, 136, 930.

. Shenkin, H. A, Effects of various drugs upon cere-

bral circulation and metabolism of man. J. Ap-
plied Physiol., 1951, 3, 465.

. Kety, S. S, and Schmidt, C. F.,, The nitrous oxide

method for the quantitative determination of cere-
bral blood flow in man: theory, procedure and
normal values. J. Clin. Invest., 1948, 27, 476.

Scheinberg, P., and Stead, E. A., Jr., The cerebral
blood flow in male subjects as measured by the
nitrous oxide technique. Normal values for blood
flow, oxygen utilization, glucose utilization, and
peripheral resistance, with observations on the
effect of tilting and anxiety. J. Clin. Invest., 1949,
28, 1163.

Hickam, J. B., and Frayser, R., Spectrophotometric
determination of blood oxygen. J. Biol. Chem.,
1949, 180, 457.

Kety, S. S., and Schmidt, C. F., The effects of al-
tered arterial tensions of carbon dioxide and oxy-
gen on cerebral blood flow and cerebral oxygen
consumption of normal young men. J. Clin. Invest.,
1948, 27, 484.

Scheinberg, P., The effect of nicotinic acid on the
cerebral circulation with observations of extra-
cerebral contamination of cerebral venous blood in
the nitrous oxide procedure for cerebral blood flow.
Circulation, 1950, 1, 1148.

Murphy, R. A, Jr.,, McClure, J. N,, Jr., Cooper, F.
W., Jr., and Crawley, L. G, The effect of prisco-
line, papaverine and nicotinic acid on blood flow in
the lower extremity of man; comparative study.
Surgery, 1950, 27, 655.



