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THE EFFECT OF PROTOVERATRINE ON THE CARDIAC OUTPUT
AND ON SOME REGIONAL CIRCULATIONS IN MAN!

By S. W. HOOBLER, T. G. KABZA, anp R. W. CORLEY 2

(From the Department of Internal Medicine, University of Michigan Medical School,
Ann Arbor, Mich.)

(Submitted for publication May 5, 1954; accepted December 29, 1954)

Protoveratrine is a mixture of two purified alka-
loids derived from veratrum album. According to
Meilman and Krayer (1) it has a marked and re-
producible depressor effect when given intrave-
nously to hypertensive patients. This effect has
been confirmed (2) and the drug has been ad-
ministered in the long term management of se-
vere hypertension (3). It therefore becomes im-
portant to know whether the depressor action of
Protoveratrine ® is a result of a reduction in car-
diac output, or of a decrease in total peripheral
resistance, and if the latter, what vascular area is
chiefly involved. Observations bearing on these
questions are presented herewith.

METHODS

The Protoveratrine was prepared for intravenous ad-
ministration according to the method of Meilman and
Krayer (1). Subjects were patients with essential or
renal hypertension under the age of 50 and with casual
diastolic blood pressures exceeding 110 mm. of mercury.
Except where indicated, they had not undergone supra-
diaphragmatic sympathectomy. The cardiac output was
determined by the direct Fick method, the mixed venous
sample being obtained in all instances from the pulmonary
artery. Blood gas analyses were determined by the Hickam
and Frayser technique (4) and expired air was collected
over 1- to 2-minute periods in a spirometer and meas-
ured by a Beckman oxygen analyzer. Renal studies were
performed by the usual clearance techniques, utilizing
para-amino-hippurate and mannitol (5, 6). Peripheral
blood flow was measured by the venous occlusion
plethysmograph following the technique outlined by
Abramson (7).

1 Supported by grants from Eli Lilly and Co., The Na-

- tional Heart Institute of the U. S. Public Health Service,

and the Michigan Heart Association.

2 Present address is 204 Holmcrest Street, Jackson,
Michigan.

8 Kindly supplied to us at first by Dr. Otto Krayer,
Professor of Pharmacology, Harvard University Medi-
cal School, and later by Dr. Kenneth Kohlistaedt, Eli
Lilly and Company.

RESULTS
Effects on blood pressure and pulse rate

Preliminary experience with Protoveratrine in-
dicated that when an effective dose (1.2 to 1.6
mcg. per Kg.) was administered intravenously in
single injections, a 10 to 20 per cent reduction in
mean blood pressure usually occurred in the hy-
pertensive patients. The lowering of pressure
was associated with a marked bradycardia, which
could be abolished by atropine sulphate 1 mg. in-
travenously. The blood pressure remained un-
changed in some cases while in other instances it
rose considerably following the atropine. No
cases of heart block or cardiac irregularity were
encountered after Protoveratrine. The reduc-
tion in blood pressure began in 5 to 10 minutes,
reached a maximum in 7 to 15 minutes and gradu-
ally returned toward the initial control levels in the
remaining 30 to 45 minutes. The patients ex-
perienced a few side effects, chief of which were
paresthesias in the throat, over the face and upper
thorax. Nausea and vomiting were not observed
after single intravenous injections.

Effect of the drug on cardiac output and peripheral
resistance (Table I).

In all cases there was a decline in cardiac output
at the time of the lowest blood pressure, although
in a few cases the blood pressure decline preceded
the fall in output (E. B., S. P.). The data are
presented in Table I for those patients who had
a fall greater than 10 per cent in their mean blood
pressures following injection of Protoveratrine.
Three patients whose blood pressure did not fall
were excluded from the table, since no significant
alterations in the pulse rate or cardiac output
occurred. The decline in cardiac output was as-
sociated with a decrease in heart rate, so that
stroke volume usually remained unchanged.
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TABLE I
Effect of iniravenous Protoveratrine on cardiac output in hyperiensive subjects

Blood press. (mm. Hg) AVO: Cardiac index Stroke vol. per. resist.

Time Pulse Aof diff. ./min.
Subj. (Min) rate S/D  Mean mitan BP (Voli.ﬁ%) L/ min! %A . %A sef.y/"f::{-t %A
E.B. —14 86 180/130 155 4.8 3.16 68 1,135

-7 84 187/128 158 4.7 3.14 70 1,165

LV. PV (.14 mg.)

+ 6 74 135/88 112 -28 44 342 + 9 8 +25 755 =34

+11 70 122/80 101 —36 5.1 260 —17 69 0 900 -—22

+18 72 142/95 118 -25 5.0 275 -—13 71 43 990 -—14

+37 78 162/118 140 —-10 4.7 302 -4 72 44 1070 -7

+56 84 165/120 142 -9 4.7 305 — 3 68 -1 1,015 -7
E. Br. =20 78 225/140 182 4.5 2.61 50 2,475

-7 71 240/140 190 4.3 2.79 59 2,415

I.V. PV (.09 mg.)

+11 52 145/100 122 -34 4.8 211 =22 61 413 2,050 -—16

+20 51 130/95 112 —40 5.2 193 -28 57 +6 2065 -—16
S.P. —13 80 254/140 197 5.3 3.00 63 1,855

-5 80 245/134 190 5.1 3.03 64 1,775

I.V. PV (.13 mg.)

+10 66 197/99 148 —24 4.7 314 + 4 80 +25 1,335 -—26

+18 63 170/96 133 -31 5.5 230 -24 61 -5 1640 -—10

+29 65 190/107 148 —24 5.4 2.52 -—17 65 4+ 2 1660 — 8

448 74 224/126 175 —10 5.2 2.59 -—14 59 -8 1915 + 6
J.L. —12 87 210/160 185 4.1 3.48 68 1,490

- 4 90 210/160 185 4.0 3.60 68 1,445

IV. PV (.12 mg.)

+19 80 180/140 160 —14 4.8 3.08 -13 65 —4 1440 -2

+27 79 175/140 158 —15 4.6 3.07 -—13 66 — 3 1,440 -— 2
C.K. -11 74 195/132 164 4.7 3.63 82 1,295

-4 74 198/135 166 4.6 3.44 78 1,385

I.V. PV (.11 mg.)

+21 66 172/125 148 -10 4.7 3.01 -—15 76 -5 1410 + 5

432 69 182/130 156 -5 4.7 321 -9 78 —2 1395 + 4

+38 71 188/132 160 -3 4.5 341 -— 4 80 0 1,345 0
S.F. —17 73 171/119 145 4.8 2.80 64 1,485

-7 76 175/118 146 4.7 2.83 62 1,475

I.V. PV (.12 mg.) .

45 74 138/107 122 —16 5.0 257 -9 58 —8 1,360 — 8

+10 69 122/97 110 —24 5.6 224 =21 54 -14 1410 -5

+30 69 145/103 124 —15 51 258 -— 8 62 —2 138 -7

+48 74 153/105 129 —-11 5.7 232 -—18 52 —-17 1,590 + 7

In the first three patients in whom the blood
-pressure was markedly reduced, a decrease in to-
tal systemic peripheral resistance also occurred.
In the remainder, the percentage of reduction in
blood pressure was similar to the reduction in
cardiac output, so that the total peripheral re-
sistance did not change.

In order to study the effects of a more gradual
reduction in blood pressure, the cardiac output
was followed for three hours in one patient given
the drug orally (Figure 1). In this case, reduc-
tion of pressure was not associated with a decline
in cardiac output and there was, consequently, a
marked fall in total peripheral resistance.

Cardiac work (calculated as the product of
cardiac output and mean blood pressure) was re-
duced in all cases given Protoveratrine.

Effects on renal circulation

Six of ten patients studied showed reductions
exceeding 10 per cent in mean blood pressure
after intravenous Protoveratrine (Table II). In
these cases no consistent changes in renal plasma
flow occurred. Consequently, a slight reduction
in renal resistance was observed. Glomerular
filtration rate fell more than 10 per cent in four
of the ten cases, and the filtration fraction was
correspondingly lower. The most striking altera-
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HEMODYNAMIC EFFECTS OF ORAL PROTOVERATRINE
IN HYPERTENSION
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TABLE II
The effects of Protoverairine on renal circulation in hypertension *
Mean blood Renal plasma Renal Glomerular Filtration
pressure flow resistance filtration rate fraction Urine flow
After After Control After After After After
Control P.V. Control P.V. Mean BP P.V. Control P.V. P.V. Control P.V.
Subj. Mm.He %A cc./min. % A RPF % & cc./min. P A Control %A cc./min. % A
H.S. 149 —18 513 + 2 29 —19 118 -6 23 -9 4.2 0
P.{. 159 -—16 180 +16 .88 —24 55 411 31 -6 24 + 8
L.L. 223 -—14 403 -—-11 S5 -3 14 -—16 26 -8 3.3 -—58
M. B. 145 -—14 525 + 3 27 —16 108 -—12 21 —14 47 -43
B.L. 146 —13 310 + 2 39 —14 909 -6 24 -4 31 =29
M. A. 157 -—11 359 -3 43 - 8 97 -—12 26 — 8 48 —60
F.C. 182 - 8 274 11 .66 3 63 —13 23 -4 7.8 —63
M. D. 18 — 6 306 — 4 61 — 1 95 — 6 31 -3 3.8 -34
M. W. 167 — § 466 411 35 —14 115 4+ 3 25 - 8 89 -—58
C.F. 162 — 3 299 -7 54 3 73 -1 24 8 46 —43
Mean Value 168 370 .50 92 .25 4.8
% Change —-11 0 -9 -6 -6 -38

* All control observations represent the mean of three ten-minute periods immediately preceding the intravenous
injection of Protoveratrine. Data listed as “after Protoveratrine'’ represent the mean value of two or three successive
urine collection periods starting ten minutes after intravenous Protoveratrine and runninﬁ continuously up to 30 to 40
minutes after the injection, depending on the duration of significant BP reduction. Renal plasma flow was determined
by para-amino-hippurate clearance and glomerular filtration rate by mannitol clearance.

P.V. = Protoveratrine.
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EFFECT OF ORAL PROTOVERATRINE ON tions were in urine flow, which decreased an av-

o N.P. MALE 36 MALIGNANT HYPERTENSION v  €rage of 38 per cent. Since filtration rate was re-

8P | 0 M ATTER PV LS MG ORALLY .o  duced only 6 per cent, it is probable that the re-

(e -»-U-HH——-H— M T e o ductions were not entirely the result of a decreased

] Ll_lllllllm I J---:'38 filtration volume, but also involved increased tubu-

200] RENAL PLASMA FLOW L 200 lar reabsorption of water. Oliguria was likewise

MAgd®] ———T—] [T+ [*  noted in cases receiving Protoveratrine in whom
100 100

CLOMERULAR FILTRATION RATE the blood pressure reduction was minimal.
w ] - A more prolonged study was made of the effects
5‘"“‘;: —|_'—r—I—L—_L—1__|—— ot of orally administered Protoveratrine on the renal
o] URINE FLow s function in one patient with severe malignant hy-
Mg _\_J_\—\_‘—I_Ii o pertension (Figure 2) g TITe same qualitative
ol , changes were observed in this individual as are
?] * presented in Table II following effective intra-

RENAL RESISTANCE (MEAN BBenal pLasma FLOW) venous injections

959 946 878 845 829 803 716 7O 676

FILTRATION FRACTION (GFR/p PF)

372 338 386 353 352 334 220 206 197 Effects on circulation in the extremities
% .
B e ra Broratmarne 20 20 20 The effect of Protoveratrine on the blood flow
FIGURE 2 in the foot and forearm was determined in 21 re-
TABLE IIf

The effects of Protoveratrine on peripheral blood flow in hypertension

Foot Forearm
Peripheral Peripheral
Blood pressure Blood flow resistance Blood flow resistance
Systoli eduction Av Aft After Average After Average  After Average After
Dﬁ:foucc Tnean B resting P.V. TEA resting _ P.V. resting  P.V. resting P.V.
after P.V. cc./100 cc. limb (Mean BP =+ ¢c./100 cc. limb (Mean BP =+
Name mm. Hg % vol./min. Mean blood flow) vol./min. Mean blood flow)
W. B. 194/138 —43 3.1 69 53.5 13.7
H.S. 155/114 -33 22 31 50 61 29
E.S. 220/128 . —30 34 5.7 51 21
J.C. 190/134 -29 21 30 77 38
T.L. 204/126 —28 3.3 40 50 29 5.3 6.6 31 18
Mé 199/116 —24 59 85 27 14
E.G. 175/128 -—23 32 70 88 47 16.7
E.S. 188/116 —21 g 1.8 4.2* 217 67
L.C. 186/142 —-21 1.7 62 178 96 21
{. P. 207/145 —-19 3.3 54 53 26 3.4 5.7 52 25
.L. 174/116 —18 2.7 3.9 54 30
W. M. 210/142 —15 58 54 30 28 6.2 54 28 27
M. A. 200/140 —15 1.7 2.5 4.9* 100 58
M. D. 208/134 —14 1.8 24 95 61 .6 .6 285 245
E.S. 189/129 —14 39 5.0 41 27 6.0 6.7 26 20
H.R. 189/125 —13 3.3 5.1 48 27
D.G. 184/100 — 9 2.2 4.4 65 29
M.S. 148/110 - 9 5.0 8.9 26 13
Mean, all hypertensives —21 3.1 48 71 32 3.8 5.25 68 48
Postop. lumbar sympathectomy
P.G. 204/114 — 3 42 3.1 35 50
I.K. 112/74 —16 46 438 20 16
C.H. 154/108 —10 14 13 94 91

* Indicates that tetraethylammonium chloride was given at time of maximum effect from Protoveratrine. In all
cases 200 to 300 mg. of tetraethylammonium chloride were given i.v. so that ganglionic blockade was jut}&ed incomplete.
Mean BP declines were minimal with tetraethylammonium chloride, never exceeding —10 per cent. ean BP repre-
sents systolic plus diastolic+2. Average values quoted represent the mean of 5 consecutive observations at 30 sec. inter-
vals before and at the time of maximum drug action. . .

The numbers in italics represent mean values the differences of which are statistically significant with a probability
of 1:20 or greater by analysis of variance.
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cumbent patients observed after a half hour of
quiet rest in a room maintained at an average
temperature of 70 to 74° F. (Table IIT). With
three exceptions there was a consistent increase
in blood flow to the foot averaging 55 per cent
and a lesser increase of 36 per cent in the forearm
circulation, with a marked decrease in vascular
resistance in both areas. The increases in blood
flow were more marked following tetraethylam-
monium in a moderate dosage, and when the TEA
was given at the height of Protoveratrine vaso-
dilatation, further increases occurred (E. S. and
M. A, Table III). Three patients were selected
whose lower extremities had been denervated by
lumbar sympathectomy so effectively that post-
operative testing with TEA revealed no increase
in blood flow. After the administration of com-
parable doses of Protoveratrine to these indi-
viduals, no increase in blood flow to the foot was
observed and local vascular resistance either in-
creased or was unchanged.

DISCUSSION

These observations indicate that moderate re-
ductions in blood pressure after parenterally ad-
ministered Protoveratrine are associated with a
decline in cardiac output, while more marked re-
ductions in blood pressure involve, in addition,
decreases in total peripheral resistance. This is
in agreement with other observations that cardiac
output decreases after intravenously administered
Protoveratrine (8). In a somewhat similar study
of veratrum viride derivatives (9) no change in
cardiac output occurred in the absence of conges-
tive failure. However, these studies were per-
formed at later intervals after administration of
the drug and perhaps correspond more closely
to our observation in the patient followed for
three hours after the gradual reduction of blood
pressure by the oral route, in which case a reduc-
tion in output was also not observed.

The mechanism whereby the reduction in car-
diac output occurs cannot be established in the
studies here reported. It is not likely that the
drug has a depressant effect on the ventricular
musculature, since at least in the heart-lung prepa-
ration (10) and in the various studies in animals
it has not been shown to exert a negative inotropic
effect. The reductions in peripheral and possibly
in central venous pressure caused by veratrum
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alkaloids are probably of insufficient magnitude
to be the sole cause of the lowered output and the
fact that stroke volume is not appreciably reduced
is further evidence against a direct cardiac action
or a decrease in venous return. If increase in
pulse rate alone can elevate the cardiac output as
would appear to be the case from McMichael’s
studies on atropine (11), it might be postulated
that marked decreases following Protoveratrine
might depress the output in similar fashion.

Changes in vascular resistance following Pro-
toveratrine were measured in the renal and periph-
eral circuits. In the kidneys, a decrease in renal
resistance, due largely to the fall in blood pressure,
occurred. Similar observations have been re-
corded by other investigators employing either
Veriloid (9) or Protoveratrine (12). What
vasodilatation there was may have been a passive
response to the reduced blood pressure since the
renal vessels are known to have considerable au-
tonomous capacity to dilate as blood pressure falls.
A moderate decline in mannitol clearance was also
observed (9), but could not be confirmed when
inulin was used to measure the glomerular filtra-
tion rate. This discrepancy was attributed to re-
absorption of mannitol during oliguria induced by
veratrum.

Blood flow is increased and vascular resistance
is decreased in the forearm and foot. The vaso-
dilatation, at least so far as the foot is concerned,
depends on an intact sympathetic innervation since
it can no longer be demonstrated in the sympa-
thectomized extremity. This observation is in
accordance with that of the authors previously
cited (9).

In conclusion, it should be emphasized that the
observations in acute studies may not necessarily
apply to the effects of chronic administration of
veratrum alkaloids. It is possible that under the
prolonged effects of hypotension compensatory
vasodilatation occurs, and the circulatory system
reaches a new equilibrium with the restoration of
cardiac output to normal. Thus, prolonged re-
duction in blood pressure following oral adminis-
tration in one case was not accompanied by the
decreases in output seen in acute experiments.
Similarly, the inhibition of urine flow seen after
acute administration is said to decrease after pro-
longed administration (13). Finally, despite a
slight decrease in glomerular filtration rate in
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some acute experiments, no progression of azo-
temia was observed in the chronic treatment of
nephritic patients with this drug (3).

CONCLUSIONS

1. Protoveratrine, administered intravenously,
produced a moderate decline in cardiac output, a
definite decline in cardiac work, and sometimes
a decrease in total peripheral resistance.

2. Renal blood flow was unchanged but glo-
merular filtration rate fell slightly and urine flow
markedly in acute experiments.

3. Blood flow in the foot and forearm was in-
creased moderately when the sympathetic nerves
to the extremity were intact.
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