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Recent clinical interest in the hypotensive prop-
erties of mixtures (1) as well as pure substances
from veratrum (2-4) has made it desirable to
study the effects of this hypotension on kidney
function. Protoveratrine, which was isolated
from Veratrum album by Salzberger in 1890 (5),
was the first pure alkaloid from veratrum shown
to have hypotensive properties in man without
significant side effects (2).

Since the hypotension induced by protoveratrine
is largely the result of a neurogenic vasodilatation
(6-10), it appeared important to determine
whether the kidney shared in this, and if so,
whether directly as a result of neurogenic vaso-
dilatation within it or indirectly as a result of the
systemic hypotension. Freis and his associates
(11) have studied renal function by clearance
methods in ten hypertensive patients who received
"veratrone" parenterally or "vertavis" orally.
These agents are proprietary preparations from
Veratrum tiride, containing mixtures of alkaloids
and standardized by biological methods. Since
they contain substances of varying hypotensive
properties and produce side effects (2, 12-14) it is
desirable to determine the effects on renal func-
tion of a single pure alkaloid.

The administration of protoveratrine by vari-
ous routes offers a method for the controlled low-
ering of blood pressure (4) during which time
physiological measurements of renal function (or
cardiac output, cerebral blood flow, peripheral
blood flow, and so forth) may be made.

This report is concerned with the effect of
protoveratrine-induced hypotension on glomerular
filtration rate, effective renal blood flow and renal

1 This investigation was supported by a research grant
(PHS-H-121) from the National Heart Institute of the
National Institutes of Health, Public Health Service.
An abstract of this material appeared in J. Gin. Invest., 30,
659, 1951.

resistance, in hypertensive patients with and with-
out chronic renal disease, as well as in some nor-
mal individuals.

METHOD

Wehave studied renal function 43 times in 36 subjects
using familiar clearance technics (15). The subjects
were adults from the wards or Out-Patient Department
of the Beth Israel Hospital. Twenty-six had essential hy-
pertension, two in the malignant phase; four had docu-
mented chronic glomerulonephritis with hypertension;
one had Cushing's disease due to carcinoma of the adrenal
cortex; one had severe toxemia of pregnancy; four were
normal individuals.

Three experiments were carried out in patients who re-
ceived a single intravenous injection of a hypotensive dose
of protoveratrine. Eight studies were made utilizing the
intramuscular route. In 32 studies the hypotensive level
was maintained at an essentially steady state either by
intermittent intravenous injections (e.g., 10 to 30 micro-
grams every 10 to 30 minutes) or by continuous intra-
venous infusion of dilute solutions (of the order of 1
microgram per minute). In 17 of this last group of 32,
the blood pressure was lowered acutely by an intravenous
injection of 100 to 140 micrograms; in 15 it was lowered
slowly by infusing protoveratrine at rates of 2.4 to 3.7
micrograms per minute for 20 to 60 minutes. Blood
pressure measurements were made at intervals of 2 to 10
minutes by the auscultatory method.

Glomerular filtration rate (GFR) was usually deter-
mined by the clearance of inulin,' and in a few instances
by mannitol' and sodium thiosulfate (Sulfactol'). Ef-
fective renal plasma flow (ERPF) was measured by the
clearance of sodium para-amino-hippurate. Inulin was
measured by the method of Roe, Epstein, and Goldstein
(16), mannitol according to Smith, Finkelstein, and Smith
(17), sodium thiosulfate according to Gilman, Philips, and
Koelle (18) and para-amino-hippurate by the method of
Bratton and Marshall (19). All analyses were performed

2Generously supplied by U. S. Standard Products Co*,
Woodworth, Wisconsin.

3 Generously supplied by Sharp & Dohme, Philadelphia,
Pa.

4Generously supplied by Winthrop Chemical Co., New
York, N. Y.
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PROTOVERATRINEAND RENAL FUNCTION IN MAN

in duplicate. Values for GFRand ERPFwere corrected
to a body surface area of 1.73 square meters.

The substances for clearance were administered in sa-
line solution (except for one study with intramuscular
protoveratrine in which five per cent glucose was used)
by an electrically-driven continuous infusion apparatus.
Venous blood samples were drawn at the mid-point of
each period, with heparin (Liquaemin sodium') used as
an anticoagulant. Urine collection was through a catheter,
and the bladder was rinsed with water and air. In some
instances 100 to 200 cc. of water was ingested hourly to
insure a good urine flow. The first clearance period was
begun 30 to 40 minutes after the start of the sustaining in-
fusion. Three control periods (in two instances two pe-
riods) of 20 minutes each preceded administration of pro-
toveratrine. Thereafter, clearances were measured for
approximately one and one-half hours after single intra-
venous injection of protoveratrine and for two hours after
intramuscular injection. In the 32 experiments in which
the hypotension was maintained at a steady low level ob-
servations were continued for two to four and one-half
hours of hypotension. Clearance periods were usually
30 to 40 minutes long when urine flow was diminished.

Resistances at the afferent and efferent arterioles were
calculated according to the formulae of Lamport (20) and
of Gomez (21). Mean blood pressure in the normotensive
range was taken as one-half the sum of systolic and dia-
stolic pressures. During hypertensive periods the mean
blood pressure was taken as the' sum of diastolic and 0.4
of the pulse-pressure, to minimize the effects of sharply
peaked pulse-waves. Renal resistance units (RRU) were

calculated as mean blood pressure (mm. Hg)
effective renal blood flow (cc. per min.)

RESULTS

1. Single intravenous injections of protoveratrine
In these three experiments there was an abrupt

fall in both GFR and ERPF. At the time of
maximum hypotension when the mean blood pres-
sure had fallen 24 per cent (range 18 to 28 per
cent) the average change in GFRwas - 28 per
cent (range - 18 to - 42 per cent), the average
change in ERPF at this time was - 25 per cent
(range - 18 to - 33 per cent). As the blood
pressure rose toward control levels GFR and
ERPFtended to rise also, the latter back to initial
levels. GFR, however, often remained below
control values. The final average values of GFR
and ERPF, when the blood pressure had almost
regained control levels, were reduced by 20 per
cent and 11 per cent, respectively. There was a
slight tendency for the filtration fraction to de-

3Generously supplied by Organon, Inc., Orange, New
Jersey.

crease. These results are in contrast to those in a
preliminary report of Hoobler (3) who found that
renal blood flow was unchanged or slightly in-
creased and glomerular filtration (creatinine or
mannitol clearance) unchanged or slightly de-
creased in similar studies.

In view of the large degree of autonomous con-
trol exercised by the kidney (22), it appeared not
unlikely that the acute hypotension (from a single
large intravenous injection of protoveratrine)
might have produced changes in renal function
which were modifying any effects from a spe-
cific vasodilation due to the drug. Accordingly,
experiments utilizing a more gradual fall in blood
pressure, as with intramuscular protoveratrine,
were made.

2. Single intramuscular injections of protovera-
trine

The blood pressure fall after intramuscular ad-
ministration occurs slowly over 30 to 45 minutes,
after which it rises in several hours to control
levels (4). In these eight experiments the fall of
GFRand ERPFwas often less than with single
intravenous injection and the recovery in func-
tion began before the blood pressure had regained
control values. The results resemble those ob-
tained by Freis and his associates (11) using
veratrone. The average change in GFR during
the period of maximum hypotension was - 15 per
cent (range + 5 to - 53 per cent) and in ERPF
-8 per cent (range + 13 to -24 per cent).
The final values, when the blood pressure level
had almost regained control levels, showed a
diminution in GFRof - 7 per cent (range + 16
to - 44 per cent) and in ERPF of - 1 per cent
(range + 13 to - 18 per cent).

3. Continuous or intermittent intravenous infu-
sion of protoveratrine

The comparison of renal function in the hyper-
tensive state with that at lowered blood pressure
without regard to fluctuating levels of blood pres-
sure necessitated measurements made while the
arterial pressure was maintained at a steady low
level for prolonged periods (4). The patients
studied under these conditions 6 included four nor-

6In all of these GFR was measured by clearance of
inulin.
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FIG. 1. THEVARIATIONS OF EFFECTIVE RENALPLASMA
FLOW (ERPF) BEFOREANDAFTER PROTOVERATRINE-HY-
POTENSIONIN ELEVEN HYPERTENSIVEPATIENTS

The upper seven had essential hypertension, the next
below had chronic nephritis and the next malignant hy-
pertension. The two lowest had chronic glomerulone-
phritis, one in the malignant phase. At 0 time the blood
pressure was lowered with protoveratrine, usually to or
near normal levels and maintained at a steady state
throughout the remainder of the experiment.
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FIG. 2. THE VARIATIONS OF GLOMERULARFILTRATION
RATE (GFR) BEFORE AND AFTER PROTOVERATRINE-HY-
POTENSION IN THE SAME PATIENTS AS FIGURE 1

The upper eight include seven with essential hyperten-
sion and one with chronic nephritis. The next below is
a patient with essential hypertension in the malignant
phase. The two lowest are patients with chronic glo-
merulonephritis, one in the malignant phase.
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FIG. 3. THE DISTRIBUTION OF THE DATA FORTHE PER CENTCHANGESIN
GLOMERULARFILTRATION RATE (%AGFR), EFFECTIVE RENALPLASMAFLOW
(%yoAERPF), RENAL RESISTANCE (9%ARR), GLOMERULARAFFERENT AR-
TERIOLAR RESISTANCE-LAMPORT(9%ARa), AND GLOMERULAREFFERENTAR-
TERIOLAR RESISTANCE-LAMPORT (9%ARe) DURING HYPOTENSION MAIN-
TAINED AT A STEADY LEVEL FOR AT LEAST Two HOURS

Two patients previously treated with bilateral sympathectomy from T-8 to
L-2 are shown in the cross-hatched areas. Four normal individuals are shown
in the hatched areas.
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motensive subjects and two patients who had had
thoraco-lumbar sympathectomy. In these experi-
ments an average fall in mean blood pressure of
28 per cent (range 19 to 40 per cent) occurred.
The changes in ERPF and GFR for eleven of
the unoperated hypertensive patients, in whomthe
hypotension was maintained at a steady low level
for at least four hours, are illustrated in Figures 1
and 2. These eleven patients included individuals
with ERPF ranging from 50 to almost 400 cc.
per minute and were typical of the entire group.

The average change in ERPF coincident with
the initial fall in blood pressure was - 8 per cent
(range + 8 to - 32 per cent) for the 32 experi-
ments. Decrease in ERPF was usually more
marked if the blood pressure fall had been abrupt.
If the hypotension was induced slowly, e.g., in 60
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FIG. 4. A TYPICAL EXPERIMENT IN A 50 YEAR OLD
WOMANWITH ESSENTIAL HYPERTENSION

The urine was free of albumin. At 0 time 100lsg. of
protoveratrine was given intravenously. After a delay
of 15 minutes a continuous infusion at the rate of 1 i'g./min.
of protoveratrine was begun and maintained for the dura-
tion of the experiment A typical decrease in urine flow
(UF) appeared. The fall in glomerular filtration rate
(GFR) was also typical. GFR did not regain control
values even after four hours. Effective renal plasma flow
(ERPF) which fell initially, reached control values in
about one hour. The filtration fraction (FF) was di-
minished throughout the period of hypotension.

HOURS

FIG. 5. THEVARIATIONS OF RENALRESISTANCEUNITS
(RRU) (MEAN BLOODPRESSUREIN MM. HG/EFFECTIVE
RENAL PLASMAFLOW IN CC./MIN.], AFFERENT RESIST-
ANCE-G6MEZ(Ra) AND EFFERENTRESISTANCE-G6MEZ
(Re) IN SEVEN HYPERTENSIVE PATIENTS BEFORE AND

AFrER LOWERINGTHE BLOODPRESSUREWITH PROTOVERA-
TRINE

During the four hours of the hypotensive period the
blood pressure was maintained at a steady lowered level
(see Table I and text).

minutes, ERPF often remained unchanged. Re-
covery to control values of ERPF took place in
one to one and one-half hours. Thereafter, ERPF
remained at these levels or rose considerably above
control values although the blood pressure had
been maintained at a steady low level throughout
this time. The average change in ERPF during

-
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Pt. BSA Hct.

C. Mc.
Age 35
Sex F

1.62 48.5

Ess. Hypert.

0. M.
Age 36
Sex F

1.56 36.2

Ess. Hypert.

R. L.
Age 50
Sex F

1.54 43.0

Ess. Hypert.

A. 0. 1.82 44.2
Age 47
Sex F
Ess. Hypert.

I. R. 1.58 39.2
Age 45
Sex F

Ess. Hypert.

TABLE I

Admin. of
proto. Period

min.
21
20

0.12 mg. 20
1 pg./min. 22

40
42
40
40

4 40

20
20
20

3.7 jsg./min. 40
0.5 pg./min. 4 40
1 pg./min. 40

4 40
0.5 ug./min. 40

4 40

20
21

0.10 mg. )42
1 Ag./min. 41

40
40
42

4 36
21

0.20 mg. 21
0.03 mg. X7 30

30
30
32
60
30

23
21

0.14 mg. )20
1 pg./min. 40

50
40
39

4 40

M. R. 1.68 41.4 28
Age 56 30
Sex F 14

2.8 pg./min. 30
Ess. Hypert. 1.6 ,&g./min. 30

I32
33
48
68

A. A. 1.82 43.1 20
Age 47 20
Sex F 0.12 mg. .20

Ess. Hypert. 20-30 pg.X99 30
30
30
30

,30

GFRo
cc./min.

96.0
94.2
97.9
76.9
72.7
79.1
81.8
84.1
77.0
82.8

88.7
88.7
80.3
72.6
68.6
70.1
72.2
75.5
84.7
83.2
78.0
80.5
50.8
57.4
60.5
56.0
62.3
55.5
77.9
71.6
57.4
44.9
52.9
51.8
55.0
55.4
60.1
76.5
73.9
71.5
60.2
58.3
57.4
57.3
63.1
62.4

76.0
72.8
73.2
69.5
72.9
63.4
62.5
62.4
61.9

68.6
64.6
64.3
45.5
55.1
62.3
57.0
54.2
74.6

ERPFo

cc./min.
362
367
347
241
277
365
349
314
338
324

352
342
326
287
352
376
385
385
390

368
304
324
250
312
334
346
386
342

389
368
343
346
380
436
487
474
500

364
357
342
354
356
332
338
376
377
339
331
332
316
361
363
354
363
341

317
328
320
326
335
374
345
363
451

B.P. range

mm. Hg
194-202/114-116
192-200/110-118
194-198/114-120
126-202/82-112
110-134/74-94
128-138/88-94
126-144/84-90
126-144/80-90
126-136/80-90
126-136/84-86
174-184/118-126
170-194/118-128
174-178/110-120
134-178/84-116
106-120/68-76
106-120/70-80
114-122/70-84
108-116/66-80
106-116/74-80
186-190/110-114
182-184/108-112
186-190/110-114
96-188/66-118
110-116/80-88
106-112/72-78
100-110/66-72
98-104/66-72
94-106/62-70
218-228/128-132
224-228/134-136
168-232/102-136
154-170/96-104
148-154/90-98
156-164/98-100
168-178/100-104
158-164/96-100
160-174/98-102
182-192/116-118
180-194/116
190-194/116-118
116-194/78-120
126-136/80-86
124-132/80-84
126-132/80-84
124-128/82-84
128-130/80
216-278/118-158
206-240/120-130
212-218/124-126
210-234/120-134
170-222/100-124
156-184/92-104
150-180/92-106
158-172/92-104
150-162/84-94
222-228/130-136
216-234/130-132
214-218/128-130
184-234/112-136
190-202/110-120
168-184/100-108
154-172/94-106
150-168/94-100
160-196/96-106

H.R.

per min.
88-90
84-90
84-90
80-90
74-80
80-84
80
74-76
76
72
80-86
80
84
72-92
68-72
72-74
68-72
64-68
62-66

70-72
69-70
72
56-72
60-64
60-66
60-64
56-68
62-68

68
68
54-68
52-57
54-56
56-60
56-62
54-57
54-60
69
69
72-68
56-76
58-60
56-64
60
56
54-56
90-104
84-92
88
80-94
78-84
74-84
78
76-84
76-80
66-70
68-70
70-72
64-72
60-68
57-64
55-62
56-60
54-64

U.F.

cc./min.
3.04
1.40
3.10
4.74
0.32
0.45
0.52
0.53
0.60
0.61

7.30
7.15
5.70
3.20
0.75
0.63
0.73
0.73
0.75
3.85
2.38
2.55
1.12
0.66
0.58
0.55
0.57
0.56

14.29
12.10

3.95
1.00
0.73
0.93
1.52
1.43
1.57
3.78
3.52
3.45
1.25
0.45
0.46
0.44
0.44
0.48

8.40
6.07
4.71
2.70
1.80
0.75
0.91
0.85
0.71
3.45
2.85
1.80
1.20
0.88
1.00
0.67
0.53
0.73
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TABLE i-Continued

Admin. of
Pt. BSA Hct. proto. Period GFRc ERPFC B.P. range H.R. U.F.

H. F.
Age 39
Sex F

1.85 43.1

Chronic Gn.

A. M.
Age 37
Sex F

1.23 42.5

Malig. Hypert.

A. P.
Age 35
Sex M

1.98 42.4

Chronic Gn.

E. P.
Age 48
Sex F

1.45 38.0

Chronic Gn.

A. 0.

Age 47
Sex F

1.82 38.6

Ess. Hypert.
Post. Symp.

M. B.
Age 42
Sex F

1.63 38.2

Ess. Hypert.
Post. Symp.

min.
20
20

0.14 mg 21
0.01-0.03 mg. 22

42
i.v. 19X 41

40
39
41
40

20
22

0.09 mg.
23

1 ug. /min. 30
30
30

I30
38
37

21
20
20
21

3 ;&g./min. 4,60
1 ;&g./min. 60

60
48
62

20
20

0.11 mg. 21
atropine 21

0.2 mg. 42
1 Ag.fmin. 40

40
40
40

20
20

0.13 mg 20
0.02 mg.X16 40

40
40
40

I40
37

20

20
20

0.11 mg 20
1 ,ug./min. 40

41
39
40
40

cc./min.
67.6
65.0
74.2
58.7
55.4
45.8
52.1
58.8
54.2
63.7
61.0

41.1
34.1
33.4
32.5
31.0
37.5
38.0
38.0
37.2
35.9

16.9
15.7
17.1
17.2
13.6
10.5
13.0
12.6
13.8

11.5
11.9
17.3
14.4

9.7
6.1
4.6

10.5
10.5
14.5

57.4
63.4
61.4
50.3
55.7
53.1
55.6
55.7
60.0
54.7

78.4
74.6
76.7
66.0
70.8
73.6
70.9
79.7
73.3

cc./min.
288
245
278
238
230
210
247
277
260
289
251

mm. Hg
198-214/120-130
194-208/128-130
198-210/128-130
170-216/116-130
166-178/108-120
138-152/88-100
140-156/92-98
140-152/90-92
136-148/90-96
140-150/88-95
136-150/88-96

181 184-196/108-110
201 194-208/108-114
174 194-198/106-108
191 116-198/82-112
207 146-166/84-90
211 142-154/84-86
227 132-154/78-86
211 140-156/84-88
211 130-172/76-102
212 140-156/82-84

101 186/128
94 190-206/130-144

110 198-200/134-138
110 184-200/132
96 172-196/118-140
85 120-150/80-102

131 128-136/84-90
108 130-134/86-90
162 130-136/86-90

52.3
52.1
54.6
50.3
36.3
41.5
41.9
38.8
39.0
55.0

336
377
362
326
376
350
358
357
368
363

415
385
385
359
402
388
415
388
347

210-260/140-148
246-278/138-160
238-246/130-136
228-232/128-134
122-246/70-140
126-148/74-88
124-134/76-80
130-138/76-80
126-140/70-76
132-140/70-78

190-208/122-128
194-208/120-128
208-212/126-130
152-210/92-126
150-164/96-100
160-174/98-108
156-180/94-108
158-170/98-102
158-168/94-102
162-168/100-104

198-204/112-128
210-222/120-130
204-222/122-124
150-218/90-126
150-166/90-96
144-156/88-94
146-150/80-92
132-144/80-86
134-140/80-86

per min.
60-66
64-70
66-70
60-74
60-64
57-60
54-64
56-62
54-58
51-60
56-60

68-70
67-68
68-72
50-64
60-66
54-60
56-58
56
52-62
52-56

60
64
66

52-60
45-48
45-48
44
48

92-104
84-116
80
76
50-80
52-60
50-52
50-56
50-56
52-55

70-76
72-74
70-76
56-72
56-60
56-60
56-64
56-60
56
56-60

60-70
60-66
62-64
52-62
52-54
48-54
46-50
45-48
44-48

cc./min.
8.60
5.40
3.81
2.77
1.41
0.93
0.78
0.83
0.90
1.17
1.20

5.50
5.09
3.74
1.75
1.33
1.53
1.53
1.15
1.29
1.14

2.57
2.75
3.10
3.71
2.53
0.40
1.27
1.73
2.39

2.95
3.10
4.02
2.91
0.96
0.64
0.50
0.50
0.50
0.68

4.70
4.40
3.50
1.20
0.73
0.88
0.73
1.00
1.14
1.13

3.90
6.80
6.35
1.60
0.60
0.39
0.56
0.45
0.35
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TABLE I-Continued

Admin. of
Pt. BSA Hct. proto. Period GFRe ERPFc B.P. range H.R. U.F.

min. cc./min. cc./min. mm. Hg per min. cc./min.
D. Z. 1.80 40.1 20 100. 616 118-122/66-70 64-72 0.80
Age 26 20 111. 675 118-122/66 66-72 1.20
Sex M 22 90.5 601 122/68 70 2.41

3.8 ;&g./min. 4 36 73.3 557 124-126/66 70 2.00
Normal 1 g./min. 40 77.2 568 126/66-68 64 0.80

40 79.7 574 102-108/54 54 0.65
40 80.9 543 106-108/52-58 52-54 0.55
40 66.0 440 106-108/50-60 54-60 0.70

4 40 71.2 491 106-108/50-60 50-54 0.40

M. D. 1.72 44.7 36 85.2 487 102/70 72-75 1.03
Age 39 20 84.6 575 92-106/70-76 74 1.50
Sex F 20 74.7 469 98-106/70-74 72 3.60

3.8,gg./min. 4. 38 74.4 422 96-102/68-76 69-72 1.97
Normal 1 ;g./min. 4 43 66.5 388 84-104/46-66 62-72 0.61

50 79.2 472 80-88/48-56 60-68 0.38
1 /g./min. 42 69.5 434 90-98/56-64 64-70 0.60

40 80.0 518 92-96/58-60 70 1.95
4 31 71.1 433 90-94/56 64 3.87

Key: BSA-body surface area. Hct.-Hematocrit. Admin. of proto.-intravenous administration of protovera-
trine. Period min.-duration of period in minutes. GFRCcc./min. and ERPFc cc./min.-glomerular filtration rate
and effective renal plasma flow corrected to a body surface area of 1.73 square meters. B.P. range mm. Hg-the highest
and lowest blood pressure values recorded during the period. H.R. per min.-highest and lowest heart rate during the
period. U.F. cc./min.-urine flow.

the last 80 minutes of the infusion, for the 26 ex-
periments in which the duration of the hypoten-
sion was at least three hours, was + 9 per cent
(range - 17 per cent to + 31 per cent).

Glomerular filtration rate fell promptly and
strikingly (average - 22 per cent, range - 5 to
- 63 per cent for the 32 studies) when the blood
pressure fell. Control values of GFR were re-
gained in only one-quarter of the studies. In the
remainder, control values were not reached up to
three or more hours. The average GFRduring
the final 80 minutes of the infusion for the 26 ex-
periments in which the hypotension was main-
tained at least three hours was - 16 per cent
(range - 35 to + 3 per cent).

The distribution of the percentage change in
GFRand ERPF during the final 80 minutes of
hypotension induced for at least two hours is in-
dicated for the 32 studies in Figure 3. The data
from the four normotensive individuals showed
no significant variation from the hypertensive in-
dividuals. The data from four patients with
chronic glomerulonephritis were not significantly
different from those of hypertensive persons with-
out obvious renal disease. The unshaded areas
represent those with essential hypertension and
four persons, not shown separately, with chronic
glomerulonephritis and hypertension. The dimi-

nution in GFRand the rise in ERPF is evident.
The detailed data from 15 typical experiments are
given in Table I. These include the eleven shown
in Figures 1 and 2, two patients with bilateral
thoraco-lumbar sympathectomy and two normo-
tensive persons. Figure 4 depicts a typical ex-
periment.

The two patients who had had previous thoraco-
lumbar sympathectomy (A. O., one month post-
operative; M. B., one and one-half years post-
operative) showed hypotensive effects from proto-
veratrine similar to unoperated patients, yet
neither showed the usual fall and subsequent rise
in GFRand ERPF. This was particularly notice-
able in patient A. 0. who had also been studied
before sympathectomy. Previous to operation
there was a decrease in GFR and a marked in-
crease in ERPF during the hypotensive period;
after operation similar decrease in blood pressure
caused essentially no change in ERPFand GFR.

Urine flow. In all instances the administration
of protoveratrine caused a profound diminution
in urine flow (Table I), frequently to less than 1.
cc. per minute despite the constant intravenous
infusion of 1.7 to 3.0 cc. of 0.9 per cent NaCl
solution per minute, and, in some instances, 100
to 200 cc. of water orally every hour. The de-
crease in urine flow was the result of active re-

86



PROTOVERATRINEAND RENAL FUNCTION IN MAN

sorption of glomerular filtrate water, as evidenced
by a consistent, marked increase in the urinary
concentration of inulin and PAH. Oliguria, as
low as 0.5 cc. per minute was often present with

-normal or only moderately decreased clearances
of inulin and PAH (see Table I). The mecha-
nism of this oliguria and the excretion of so-
dium and potassium during it are described else-
where (23).
Variations in resistance of the afferent and efferent

glomerular arterioles
The hypotension induced by protoveratrine is

accompanied by a marked fall in renal resistance
units (RRU) (Figure 5). Figure 3 shows the
distribution of the data from 24 experiments, in-
cluding four normotensive individuals. In these
patients calculations were based on the values ob-
tained during the final 80 minutes of at least four
hours of steadily maintained lowered blood pres-
sure. The decrease in RRUwas quite marked,
the average fall being - 27.5 per cent. Using
the formulae derived by Lamport it appeared that
the major part of this decreased resistance was
due to a fall in afferent glomerular arteriolar re-
sistance (Ra), the average change in Ra being
- 53 per cent. Only a small portion of the total
decrease was due to diminution in efferent glom-
erular arteriolar resistance (Re), in which the
average change was - 14 per cent.

For 15 hypertensive patients there were suf-
ficient data to allow calculation of Ra and Re ac-
cording to the formulae suggested by Gomez (21).
In every instance the direction and magnitude of
the changes following prolonged hypotension were
similar to those obtained by Lamport's formulae.
The average changes of Ra and Re (Lamport) at
the end of four hours of maintained hypotension
were - 46 per cent and -10 per cent, respec-
tively; the Gomez formulae showed decreases of
- 40 per cent (Ra) and - 15 per cent (Re).
However, protoveratrine-induced hypotension in
four normotensive individuals gave average
changes in Ra of - 57 per cent and in Re of + 13
per cent (Lamport), contrasted with Ra of - 26
per cent and Re of 0 per cent (G6mez). The
Lamport formulae obviously do not apply to hypo-
tension in normal individuals, because unusually
low or even negative values for Ra may be ob-
tained.

Calculation of Ra and Re (Gomez) for seven

of the patients in Table I (C. Mc., 0. M., R. L.,
A. 0., I. R., M. R., H. F.) indicated that the de-
crease in Ra was abrupt and usually accompanied
the blood pressure fall, reaching lowest values in
about one hour (Figure 5). The decrease in Re
was of smaller magnitude and in two of the seven
patients insignificant. The decrease in Ra con-
stituted the major portion of the diminution in
renal resistance (Figure 5).

In the two patients who had had sympathec-
tomy, decrease in Ra was similar to unoperated
patients. Re remained unchanged.

DISCUSSION

A desirable hypotensive agent should cause a de-
crease in blood pressure without reducing blood
flow or function in any vital part of the body. It
is well known, for example, that in patients with
coronary artery disease abrupt or prolonged falls
in blood pressure may lead to coronary occlusion
or myocardial infarction (24). However, the
lowered blood pressure which results from the use
of protoveratrine, at least within a certain dosage
range, appears to be due primarily to a release of
arteriolar vasoconstriction and diminution of total
peripheral resistance. It therefore differs from
the hypotension which occurs after a sudden de-
crease in effective circulating blood volume as in
acute hemorrhage. Patients 0. M. and R. L., in
Table I, illustrate that marked hypotension can
be maintained with protoveratrine without dimin-
ishing renal blood flow. Hoobler, Corley, and
Kabza (3) have demonstrated that protoveratrine
causes diminished resistance in the limb vessels
in hypertensive patients. A similar decreased re-
sistance in the cerebral vessels has been reported
by Crumpton and his associates (25). Nonethe-
less, it still is possible that unusually prolonged
and severe hypotensive action from protoveratrine
might result in impaired circulation to vital areas
such as heart or brain, particularly in the presence
of atherosclerosis.

The degree of renal vasodilation which can be
induced by protoveratrine hypotension may be a
measure of the functional vasoconstriction present
in the kidney. This vasodilation differs from
that which occurs in hypertensive persons during
fever, since the latter takes place during the period
of increased cardiac output (26). Renal vasodila-
tion after protoveratrine is not confined to es-
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sential hypertension, but occurs also in chronic
glomerulonephritis. In patients with chronic
renal disease, even with nitrogen retention (E. P.
and A. P. in Table I), maintaining a steady low-
ered level of blood pressure is associated with re-
storation of ERPF to control (hypertensive)
levels, and a fall in total renal resistance. In in-
dividuals with essential hypertension, ERPFmay
rise considerably above control levels as the blood
pressure is maintained at a steady low level (A. A.
and A. 0. in Table I). Patients with benign es-
sential hypertension and PAH clearance of 300
to 400 cc. have normal extraction ratios of PAH
(27-29). In these, at least, any rise in ERPF
means increased blood flow. In those patients
with chronic renal insufficiency in whom extrac-
tion ratios are diminished (27, 29) either a de-
creased in renal vasoconstriction or, what is less
likely, an improvement in extraction ratio has
obviously occurred as a result of the lowered pres-
sure.

Although ERPF always recovered to or above
control values during hypotension prolonged for
two to four hours, this was not true of glomerular
filtration rate. In only one-fourth of the patients
did GFRregain control levels, the average value
being diminished by 16 per cent at the end of
three to four hours. For individuals whose filtra-
tion rate is at least one-half normal, such falls are
of little consequence. Patients on rigid sodium
restriction have similar decreases in GFR (30)
without any rise in non-protein nitrogen. How-
ever, in the presence of severe nitrogen retention
and very low filtration rates, a small additional
fall in GFRmight be sufficient to cause further
rise in NPN. Actually, when administering pro-
toveratrine by various routes to patients with nitro-
gen retention for as long as seven weeks, we have
noted slight rises in NPN, no change, and in some
cases a significant fall (31).

Gomez has suggested that the predominant
change in the renal circulation in hypertension is
an increase in afferent glomerular arteriolar re-
sistance (21), rather than efferent glomerular
arteriolar resistance, as has been previously
thought (15, 20). Analysis of the decrease in
total renal resistance using Gomez' (or Lam-
port's) formulae indicates that it is primarily the
afferent arteriole which dilates as the systemic
pressure diminishes.

The data from the two sympathectomized pa-
tients, although scanty, suggest that the dener-
vated kidneys in essential hypertension do not re-
spond to vasodepressor influences with variations
in filtration rate and blood flow as do the normally
innervated ones. This is of interest in comparison
with the data of Pfeiffer and Wolff (32) which in-
dicated that the functional response of the kidney
to pressor influences was altered similarly by
sympathectomy.

SUMMARY

1. Renal clearances of inulin and PAH have
been studied 43 times in 36 subjects, 32 with hy-
pertension, before and after induction of hypoten-
sion with protoveratrine.

2. Effective renal plasma flow was usually di-
minished (average - 8 per cent) with the acute
onset of hypotension, but usually rose in one and
one-half hours to control levels or higher, al-
though the hypotension was maintained.

3. Glomerular filtration rate usually fell strik-
ingly (average - 22 per cent) with the onset of
hypotension. After three hours of steadily main-
tained hypotension, GFR averaged 16 per cent
below control levels. At the end of four hours
GFRdid regain control values in one-fourth of the
patients.

4. Oliguria characteristically appeared when
the blood pressure was lowered. Recovery to
control values of GFRor ERPFoften took place
despite persistence of the oliguria, which usually
lasted several hours.

5. Renal vasodilation occurred in patients
with essential hypertension as well as those with
chronic glomerulonephritis when the blood pres-
sure was maintained at a lowered level with proto-
veratrine.

6. Calculation of changes in afferent and effer-
ent resistance using Gomez' formulae indicated
that the major decrease in renal resistance during
the period of hypotension occurred at the afferent
glomerular arteriole. The decreases in afferent
and efferent arteriolar resistance were similar
whether calculated by Gomez' or Lamport's
formulae.
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