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Ganglion-blockers, such as tetra-ethylammonium
(TEA) and hexamethonium, enhance responsive-
ness to vasoactive agents, both pressor and de-
pressor (1). In dogs, the renal arterial bed seems
to contribute to the change in blood pressure re-
sponse since, after giving TEA, adrenaline causes
a larger increase and isopropylnoradrenaline
(Isuprel@) a larger decrease in renal vascular re-
sistance than in the untreated state (2). The
present study was undertaken with the aim of de-
termining responsiveness to noradrenaline in hy-
pertensive patients given hexamethonium and the
participation in this of the renal circulation.

PROCEDURES

Brachial auscultatory arterial pressures and plasma
clearances of p-aminohippurate (PAH) and mannitol
(procedure described in Reference 3) were measured in
successive 10-minute periods, under control and test
conditions, in the supine position. All the patients had
severe hypertensive disease but none of them had signs of
congestive heart failure at the time of study. Signs of
failure, present on admission in 3 of the patients, had
been cleared by diet, digitalis and diuretics for at least a
week before test.

Four series of studies were done. In the first (I), 6
patients, were observed as below during a 30-minute
control period interval; they were then given noradrena-
line by infusion at rates of 4 or 5 micrograms per minute
over about 40 minutes, during the last 30 of which 3
urine collections were made, the urine formed during the
first 10 minutes having been discarded; single intrave-
nous injections of hexamethonium were then given in
doses sufficient to decrease diastolic pressure about 10 to
20 mm. Hg and the effects of this observed over another
40 minutes in the same way as had been those of noradren-
aline; at the end of this time noradrenaline was again in-
fused in the same dose as before and the observations re-
peated. Blood pressures (measured at intervals of 2 to 5
minutes), plasma clearances and rates of urine flow
were averaged for each of the four sets of three 10-min-
ute urine collection periods.

1 Present Address: Research Department, Department
of Clinical Investigation, Ciba Pharmaceutical Products
Inc., Summit, N. J.

In the second series (II), 4 patients were given nor-
adrenaline after control observations as above. In the
third series (III), 6 patients were given hexamethonium
after control study and, in the fourth (IV), 7 patients
under chronic treatment with hexamethonium were given
noradrenaline as above.

The plasma clearance of PAH at low plasma concen-
trations (CPAH) was taken as equivalent to renal plasma
flow (RPF) and the plasma clearance of mannitol times
1.1 (to allow for 10 per cent reabsorption) was taken
as equal to glomerular filtration rate (GFR). Urine
minute volume (V) was estimated from the excess over
that of the 100 ml. of NaCl used to rinse the bladder.
Renal vascular resistance (R) was calculated as Pm-51
RPF, taking as Pm (mean arterial pressure) the mean of
the averages of systolic and diastolic pressure over the re-
spective minute interval of study.

RESULTS

The observations are compiled in Tables I and
II. Table III condenses the data by listing the
average magnitudes of these effects as ratios of
test to control levels.

Noradrenaline alone

Series I and II. This caused a light increase in
arterial pressure in 9 of the 10 patients. It in-
creased renal vascular resistance in all, this pro-
portionately more than it did arterial pressure.
It elicited increases in urine flow in 7 of the 10
tests.

Hexamethonium alone-single injection

Series I and III. This agent, in the widely
varying doses used to elicit the desired moderate
depressor effects, had irregular effects on renal re-
sistance, which was increased in 3 and decreased
in 8 of the 12 tests with no change in 1. Renal
plasma flow was decreased to some extent in 10
of the 12 tests; glomerular filtration rate and urine
flow were decreased in all.

The association between changes in filtration
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TABLE I

Effects of noradrenaline, hxamethonium and of noradrenaine in the presence of hexamethinium *

No. Diag. RPF

1 EHM 198
188
194
213

3 EHM 414
365
398
386

4 EHM 465
336
344
359

5 EH 415
353
318
334

7 EHM 169
142
140
133

9 EHS 251
201
170
235

GFR

40
39
32
34

108
112
102
101

117
99
88

105

112
99
72
83

38
30
26
29

B.P.
FF mm. Hg

.20 225/121

.21 225/126

.17 199/115

.16 214/128

.26 211/118

.21 237/122

.26 183/104

.26 218/120

.25 213/136

.29 236/148

.28 190/129

.29 225/148

.27 194/106

.28 205/112

.23 166/96

.25 180/106

.22 185/120

.21 204/125

.19 120/85

.22 146/100
68 .27 185/106
55 .27 195/110
47 .28 134/93
50 .21 182/120

R

.84

.93

.78

.78

.39

.48

.32

.42

.37

.56

.45

.51

.36

.43

.41

.41

.89
1.13

.69

.89

v

1.2
2.3
0.4
0.8

4.8
7.2
2.0
4.5

8.3
6.3
1.7
4.5

4.0
4.6
0.75
0.8

2.3
2.7
0.25
0.3

.56 8.5

.74 6.0

.64 0.lt

.64 2.4

Treatment

None
N-A 4,u per min.
Hexam. 75 mg.
N-A 4,u per min.
None
N-A 4M per min.
Hexam. 50 mg.
N-A 4;s per min.
None
N-A 4p per min.
Hexam. 5 mg.
N-A 4u per min.

None
N-A 4,u per min.
Hexam. 10 mg.
N-A 4p per min.
None
N-A Su per min.
Hexam. 15 mg.
N-A Sps per min.
None
N-A S, per min.
Hexam. 16 mg.
N-A S5, per min.

* Renal effects of noradrenaline infusion (N-A) and hexamethonium administration (Hexam.) and of noradrenaline
infusion after hexamethonium as measured from renal plasma flow (RPF = plasma clearance of PAH), and glomerular
filtration rate both in ml. per min. per 1.73 sq. m. of body surface (GFR = plasma mannitol clearance times 1.1), filtration
fraction (FF = GFR/RPF) and averages of arterial pressure (Pm = systolic + diastolic/2), renal vascular resistance
(R = Pm-5/CpAR), and urine volume, ml. per min. (V) in 6 patients with severe (S) or malignant (M) essential hyper-
tension (EH).

t Estimated maximum of -urine flow during oliguria.

rate and urine flow in these experiments is shown
in Figure 1A. This shows that, during the 40 to
50-minute interval after a single injection of hexa-
methonium, the antidiuresis which occurred was
consistently associated with decreased glomerular
filtration. With one exception, the changes in
urine flow occurred in rough proportion to changes
in filtration rate and small decreases in filtration
elicited large decreases in urine flow. The effects
resemble those described in previous reports (4-7).

Pressor effect of noradrenaline during the action
of hexamethonium (a)

Series I. Single injections of hexamethonium
decreased average blood pressure by about 20 per
cent. Subsequent infusion of noradrenaline at
rates of 4 and 5 micrograms per minute caused
consistent rises of blood pressure which averaged
about 20 per cent above the post-hexamethonium
level. Thus, the absolute levels of pressure at-

tained during these infusions of noradrenaline
were about the same as existed during the pre-
hexamethonium noradrenaline infusions, but the
mm. Hg rise of pressure was much greater.

Series IV. Patients under chronic treatment
with hexamethonium also showed increased pres-
sor responsiveness. The mean increase of pres-
sure average in this series was about 30 per cent.
Since preinfusion pressure levels of many of these
patients were already high, the levels reached dur-
ing noradrenaline infusion were sometimes very
high and greatly exceeded those reached in pa-
tients who had been given only single doses of
hexamethonium.

Renal effects of noradrenaline during the action of
hexamethonium

Series I and IV. Noradrenaline had like renal
effects in both hexamethonium-treated series.
The average of the changes in renal vascular re-
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sistance indicates an increase; the response of this nificant changes in renal resistance in 3 of the 6
function, unlike that of blood pressure, was not patients given single injections of hexamethonium
augmented by hexamethonium. Rather, the re- and in 2 of the 7 under chronic treatment. These
sponses were unexpectedly variable, with no sig- variable responses of renal resistance to nor-

TABLE II

Effects of noradrenaine and hexamethonium in hypertensive patients and noradrenaline in paients
under chronic treatment with hexamethonium *

No. Diag. RPF GFR FF B.P. R V Dose

A. Noradrenaine

IOA EHM 317 80 .25 224/134 .55 7.8
275 79 .29 248/135 .69 6.7 N-A 5p per min.

17 EHM 298 84 .28 189/115 .48 2.6
264 78 .30 192/110 .54 3.9 N-A 5p per min.

19 EHS 362 92 .23 200/115 .42 6.1
287 79 .27 212/124 .58 8.4 N-A 4u per min.

20 EHS 290 63 .22 190/122 .53 0.9
289 65 .22 216/140 .60 2.6 N-A 5p per min.

B. Hexamethonium

22A EHM 81 30 .27 224/134 2.19 3.6
71 21 .30 158/196 1.75 1.2 Hexam. 26 mg.

22B EHM 96 31 .32 205/120 1.65 6.8
104 23 .22 188/144 1.40 1.5 Hexam. 20 mg.

23 EHM 176 62 .35 210/136 1.00 2.6
138 35 .25 200/138 0.88 0.75 Hexann. 13 mg.

24 EHS 324 72 .22 230/120 .51 4.8
330 65 .20 160/97 .38 0.5 Hexam. 13 mg.

25 EHS 312 82 .26 200/144 .53 1.7
322 76 .24 168/130 .44 0.6 Hexam. 36 mg.

26 EHM 234 50 .22 185/115 .62 2.2
174 32 .18 137/90 .62 0.6 Hexam. 28 mg.

C. Noradrenaline during chronic hexamethonium treatment

2 EHM 109 33 .30 196/120 1.39 3.1
91 30 .33 260/147 2.19 4.6 N-A 4p per min.

8 EHM 159 43 .27 200/140 1.04 5
159 50 .31 278/170 1.37 12.4 N-A 5 per min.

lOB EHM 293 62 .21 185/106 0.48 0.4
324 75 .23 250/135 0.58 3.3 N-A 5u per min.

13 EHM 240 67 .28 210/140 .70 5.6
270 73 .27 232/146 .68 5.6 N-A 5, per min.

14B EHM 263 46 .28 194/128 .96 5.5
167 48 .29 216/137 1.03 8.8 N-A 4 per min.

16 EHS 363 99 .27 174/118 0.39 7.7
369 119 .32 230/134 .49 17 N-S 4.6p per min.

1 EHM 259 43 .17 158/110 .49 0.8
244 55 .23 264/153 .83 10.7 N-A 4p per min.

* Conventions as in Table I.
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TABLE III

Summary of observtons *

A. Noradrenailne, 10 cases B. Hexamethonlum, 12 cases

Pm RPF GFR R V Pm RPF GFR R V

Mean 1.07 .88 .91 1.25 1.39 .85 .84 .77 .93 .25
Range 1.0-1.13 .7-1.0 .8-1.0 1.1-1.5 .7-2.9 .7-.9 .6-1.1 .6-.93 .s-1.2 .1-.4

Noradrenaline after Hexamethonium

C. Recent injection, 6 cases D. Chronic treatment, 7 cases

Pm RPF GFR R V Pm RPF GFR R V

Mean 1.19 1.08 1.09 1.11 2.0 1.29 1.00 1.13 1.30 4.3
Range 1.1-1.4 .9-1.4 1.0-1.2 1.0-1.3 1.2-2.6 1.1-1.6 .8-1.1 .9-1.3 1.0-1.7 1.0-1.3

* Means of ratios of functions listed as Tables I and II. Ratios: (A) noradrenaline to control data and (B) hexa-
methonium to control data; (C) noradrenaline to status elicited by a single injection of hexamethonium and (D) to that
existing during chronic hexamethonium treatment.

adrenaline infusion in the face of consistent, aug-
mented increases of arterial pressure resulted from
the varied changes in CpAH, which was increased
in 6 of the 13 tests, viz., in 4 instances of senres I
and 2 of series IV.

Glomerular filtration was increased by nor-
adrenaline infusion in 7 of the 13 tests, on the
average by about 10 per cent. Urine flow in-
creased in 10 of these tests..

Noradrenldine diuresis

The diuretic effect of noradrenaline (Figure
1B) had no relation to pre-treatment with hexa-
methonium. Urine flows increased in patients

A. HEXAMETHONIUM

RATIOS 1.0
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.9

.69

.7

.6
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e ~~~~~~~~~~~~~~~~~~~~~I
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,2 .4 .6 .6 1.0

whose filtration rates were not altered by nor-
adrenaline infusion and in those whose filtration
rates were somewhat increased. Small increases
in urine flow were also observed in 3 patients
whose rates of glomerular filtration were depressed
during noradrenaline infusion by about 10 per
cent, but in another 3 whose glomerular filtration
rates were decreased 10 per cent or more, urine
flow was also depressed.

DISCUSSION

Enhancement of pressor responsiveness to nor-
adrenaline after treatment with hexamethonium is
an instance of the general increased responsiveness

S. NORADRENALINE
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RATIOS OF URINE VOLUME

FIG. 1. ORDINATES: RATIOS OF GLOMULARFILTRATION RATES (GFR) IN CON-
TROL AS COMPAREDWITH TEST PERIODS. ABSCISSAE: RATIOS OF AVERAGEURINE VOL-
UMEIN CONTROL/TESTPFRODS

A. Control: No treatment; tests, single injections of heamethonium B. Control:
No pre-treatment (open circles), after single injections of hexamethonium (crosses)
or during chronic treatment with hexamethonium (x's): tests were infusion of nor-
adrenaline.
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of blood pressure to vasoactive agents which is
elicited by ganglion-blocking drugs (1). If it is
assumed that the vasomotor center cannot homeo-
statically moderate changes in arterial pressure by
reciprocal adjustments of vasomotor tone, this is
a predictable response.

The increase in responsiveness to noradrenaline
is greater, both in mm. Hg pressure rise and in the
final levels reached, in patients under chronic
treatment than in those given only single injections
of hexamethonium. This may be only a dosage
effect, since it can be presumed that the effective
body store of ganglion-blocker is greater in pa-
tients under continuous chronic treatment than
in those given only single, moderately depressor
doses. Alternatively, the difference may depend
on the state of the arterial tree in these two groups
of patients; in those given single injections, there
is abrupt partial loss of vasomotor tone with re-
sultant vasodilation, while most of the patients
under chronic treatrnent had presumably regained
their vasoconstricted state with the return of su-
pine blood pressure to hypertensive levels. The
difference in this case would result from the
greater changes in peripheral resistance and blood
pressure which should be elicited by equal degrees
of vasoconstriction in a vasodilated as compared
with a vasoconstricted vascular bed. Whatever
the mechanism, the experiments confirm the sug-
gestion (8) that doses of pressor agents which are
only slightly effective under normal conditions may
be severely pressor in patients under treatment
with ganglion-blockers. Altered responsiveness
doubtless also accounts for the decreased depressor
activity of hexamethonium in patients given small
(2 micrograms per minute) infusions of noradren-
aline (9).

In dogs given TEAC, increased pressor respon-
siveness to noradrenaline is associated with in-
creased renal vasoconstriction; this is not the case
in patients given noradrenaline after pre-treat-
ment with hexamethonium. Rather, such patients
sustain variable effects of noradrenaline on renal
plasma flow; prior to administration of the gang-
lion-blocker, noradrenaline consistently elicits re-
nal vasoconstriction with little change in arterial
pressure; after hexamethonium has been given,
noradrenaline has irregular effects on renal plasma
flow and fails to elicit increases in renal vascular
resistance in a third of the tests, although blood

pressures are consistently and sometimes severely
increased.

The nature of this seeming failure of the renal
vascular bed to participate in a pressor response
attributable primarily to vasoconstriction is not
clear. One consideration is that vascular disease
may impair the 'autonomy of the renal circulation'
of some patients with hypertensive disease. Such
impairment would account for the renal bed some-
times responding as a passive system as it may
during hypotension caused by spinal anesthesia
(10) or, as in these experiments, during abrupt,
large rises of blood pressure. Such passive re-
sponses are observed even in normal animals, such
as in dogs brought into hypotension by bleeding,
in which noradrenaline in amounts which return
blood pressure to normal does not elicit consistent
increases in renal vascular resistance (11 ).

Finally, the data indicate that noradrenaline-
induced increases of urine flow are not propor-
tionate to concurrent changes in filtration rate,
except as the diuretic response is impaired or re-
versed by decreased rates of glomerular filtration;
noradrenaline diuresis is not affected by hexa-
methonium.

SUMMARYANDCONCLUSION

1. The pressor effect of infused noradrenaline
is enhanced in hypertensive patients given single
injection or under chronic treatnent with hexa-
methonium.

2. The renal vascular bed in hypertension in
man does not regularly participate by increased
vasoconstriction in this enhanced pressor response.

3. The oliguria which appears during the hour
after a single intravenous injection of hexamethon-
ium is associated with decreased glomerular fil-
tration.

4. The increase in urine flow which usually oc-
curs during infusions of noradrenaline is not af-
fected by treatment with hexamethonium and
shows no quantitative association with glomerular
filtration except as it is impaired or reversed by
decreased glomerular filtration.

Addendum

Since this manuscript was submitted, our attention has
been drawn to the paper on "Reactivity to Pressor
Agents in Hypertension" (Circulation, 1955, 12, 974) by
A. E. Doyle and H. Black, in which they show that hy-
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pertensive patients yield larger pressor responses to angi-
otonin, S-methyl iso-thiourea and noradrenaline after
hexamethonium than before and also larger increases in
these responses than those in normotensive patients simi-
larly tested.
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