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Neurogenic (autonomic) factors in hypertensive
vascular disease (1, 2) may be studied with hexa-
methonium 2 which reduces arterial blood pressure
by blockade of the sympathetic ganglia. When the
blood pressure is reduced acutely in this manner,
alterations in renal hemodynamics have been ob-
served. Following a single dose of hexamethonium
administered parenterally to patients with hyper-
tension, the glomerular filtration rate and renal
plasma flow are immediately depressed but within
one hour renal hemodynamic readjustment occurs
and both functions return to or towards control
values, although the arterial blood pressure remains
depressed (3, 4) for two to six hours. The pres-
ent study was designed to evaluate the effects of
prolonged reduction of blood pressure in hyper-
tensive patients, with and without renal damage,
during the therapeutic oral administration of hexa-
methonium. In addition to studies in the supine
position, observations on renal hemodynamics were
made during ambulation before and during therapy.
The latter observations were made in order to
evaluate the effect of ganglionic blockade on the
renal vasoconstriction which normally is associated
with changing from the supine to the upright posi-
tion (either static tilt or ambulation) in the un-
treated patient (5).

METHODS

Seven patients with hypertension were studied by meas-
urements of glomerular filtration rate (inulin clearance),
renal plasma flow (para-aminohippurate clearance), and
maximum tubular excretory capacity (TmPAH). The
rates of urine formation, sodium excretion, potassium ex-
cretion, and the changes in blood pressure were observed.

1 Supported in part by a grant from the National In-
stitutes of Health, United States Public Health Service.

2 Supplied through the courtesy of Burroughs Wellcome
and Company and Ciba Pharmaceutical Products, Inc.

The techniques of renal function and the methods of analy-
sis have been previously described (3). The control deter-
minations of glomerular filtration rate (GFR) and renal
plasma flow (RPF) consisted of three consecutive 10-
minute periods in recumbency, followed by three periods
in the ambulatory state. During the ambulatory studies
the patients pushed the equipment mounted on a small
table equipped with wheels. Following these six periods
and after a 60-minute equilibration and rest period in the
recumbent position, three control determinations of GFR
and TmPAHwere performed. These were followed
by three periods in the ambulatory state. The patients
were then given hexamethonium orally four times daily
to establish a reduction in mean blood pressure of 40
mm. Hg or more when in the upright position. The
second group of studies ("drug" studies) were done after
one month or more and after at least seven days of
consistent reduction of blood pressure. The renal func-
tion studies were then repeated in precisely the same
fashion as the control studies, recumbent and ambulatory.
Supine studies on GFRand RPF were done on an addi-
tional six patients (XM to XCa, Tables I and II) who
were treated in a similar fashion. Determination of
TmPAHwas done on one patient in this latter group.
Blood pressures were determined on the first seven pa-
tients with a sphygmomanometer and on the last six pa-
tients by intra-arterial manometry.

Observations on the effect of ambulation on electrolyte
excretion were made on one additional patient (Table IV)
who received hexamethonium as oral therapy for hyper-
tension and who had an adequate response in blood pres-
sure reduction in the upright position. He was studied in
the metabolic ward and was given a constant diet in terms
of calories (2,300), protein (70 Gm.), sodium (800 mg.
NaCI), potassium (700 mg.), chloride (800 mg. NaCI),
and water (3,000 ml.). After a five-day equilibration pe-
riod, the urine was collected in four-hour periods for three
consecutive days. It was analyzed for chloride, sodium,
and potassium. The patient was ambulatory for three pe-
riods and recumbent for three periods during each day.

RESULTS

The patients required an average oral dose of
875 mg. of hexamethonium every six hours in or-
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der to obtain a consistent lowering of blood pres-

sure. The percentile reduction in systolic pres-

sure was equal to the percentile reduction in dia-
stolic pressure. A typical study is summarized in
Figure 1.

I. Effect of oral hexamethonium on renal hemo-
dynamics in the supine position

Hexamethonium produced an average reduction
of mean blood pressure (MBP) to 78 per cent of
the control (from 162 to 127 mm. Hg) observa-
tions. This was not associated with a significant
change in glomerular filtration rate (GFR) (98
per cent of control), maximum tubular excretory
capacity for PAH (TmPAH) (95 per cent of con-

trol), or in renal plasma flow (RPF) (116 per cent
of control). The constancy of renal blood flow
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(RPF/1 minus hematocrit) (RBF) associated
with a reduction in mean blood pressure is reflected
in an average decrease in renal vascular resistance
(RVR = MBP/RBF) of 28 per cent (Table II).

II. Effect of oral hexamethonium on renal hemo-
dynamics during ambulation

During the control studies (prior to hexa-
methonium administration) ambulation did not
alter the mean blood pressure. However, there was

evidence of renal vasoconstriction as reflected in a

depression of GFR, RBF, and TmPAHand an in-
crease in RVR. Ambulation, after hexametho-
nium administration, caused an additional reduc-
tion of MBPfrom 78 per cent to 65 per cent (127
to 104 mm. Hg) of the control (162 mm. Hg) su-

pine value (Table I). This was associated with
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TABLE I

Effect of oral hexamethonium on renal function

Glomerular filtration Tubular excretory
Mean blood pressuret rate Renal plasma flow capacity

Pt. Diagnosis* Age CR CA DR DA CR CA DR DA CR CA DR DA CR CA DR DA
mm. Hg ml. per mix. ml. per mix. mg. per mix.

WA HVD 60 156 156 120 100 100 86 99 72 572 450 697 414 66 56 69 60
AR MHVD 62 210 220 180 130 52 45 48 25 221 179 185 112 35 23 40 28
TE HCVD 56 160 160 130 90 90 86 83 61 445 387 477 234 72 71 76 77
JR HVD 58 123 133 105 85 67 73 70 72 570 509 752 367 62 57 58 53
CA HCVD 67 147 147 120 90 78 69 81 77 728 680 631 451 83 85 81 74
JM HCVD 60 160 150 140 110 52 33 49 42 255 177 220 174 48 47 41 33
AB HVD 42 160 160 140 120 74 63 64 46 355 280 383 250 77 62 57 48
XM MHCVD 54 184 130 78 79 412 477 52 43
XH MHCVD 36 150 120 74 84 332 412
XC MHCVD 42 164 123 69 72 300 340
XB HVD 44 178 110 93 86 520 610
XJ HVD 54 145 105 132 129 536 711
XCa MHCVD 34 175 126 67 65 175 313

Mean 162 161 127 104 79 65 78 56 417 380 478 286 62 57 58 53

Mean %of supine controlt 101 78 65 88 98 77 82 116 63 89 95 83

* HVD-hypertensive vascular disease
MHVD-malignant hypertensive vascular disease
HCVD-hypertensive cardiovascular disease

MHCVD-malignant hypertensive cardiovascular disease
t Mean blood pressure = diastolic pressure plus one-third of the pulse pressure.

CR-control recumbent
CA--control ambulatory
DR-drug recumbent
DA-drug ambulatory

t Mean value for per cent of control of individual patients-control = 100%.

renal vasoconstriction and a reduction in renal
functions (GFR, RPF, and TmPAH) which was
more marked than with ambulation before the ad-
ministration of hexamethonium. For example,
ambulation caused an average decrease of 12 per
cent in GFRduring the control studies as com-
pared to 23 per cent (from supine control) after
hexamethonium. The RPF, which was not de-
pressed by blood pressure reduction in the supine
position, was reduced by ambulation (after hexa-
methonium) to 63 per cent of the supine control
which was an additional decrease of 19 per cent
from the ambulatory control. Ambulation caused
an average reduction in TmPAHof 11 per cent
during the control period as compared to 17 per
cent (from 62 to 53 mg. per min.) after hexa-
methonium. Further evidence of renal vasocon-
striction during ambulation after hexamethonium
administration is found in the observation that
there was a decrease in RBFof 37 per cent (725 to
501 ml. per min.) from the control supine value as
compared to 15 per cent before hexamethonium.
When the RBF in the supine position after hexa-
methonium is used as the reference point, the re-

sponse to ambulation represents an even greater
reduction (Table II). Ambulation after hexa-
methonium caused an average increase in RVRto
only 105 per cent of the control, supine value.
However, the percentage increase following am-
bulation is considerably greater when the post-drug
supine value is used as the reference point.

III. Effect of oral hexamethonium on water and
electrolyte excretion

Prior to hexamethonium administration, ambula-
tion caused a reduction in urine volume and sodium
excretion to 79 per cent and 75 per cent of the con-
trol supine observations, respectively, without a
reduction in blood pressure. After ganglionic
blockade and blood pressure reduction with hexa-
methonium, ambulation produced a further de-
crease in blood pressure by comparison to the su-
pine post-drug value. This was associated with a
sharp reduction in urine volume and in sodium ex-
cretion. The changes brought about by ambula-
tion were of a somewhat greater magnitude (per-
centagewise) than those observed following ambu-
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TABLE II

Efect of oral heamethonium on renal vascular resistance

Renal vascular resistance
Hematocrit* Renal blood flow X lot

Pt. CR CA DR DA CR CA DR DA CR CA DR DA

RPF
il./msn. - 1 -Hct.

WA 45 46 38 40 1,040 833 1,124 690 150 187 107 145
AR 46 47 46 48 409 338 343 215 513 651 525 605
TE 45 47 43 45 809 730 837 425 198 219 155 212
JR 42 43 42 43 983 893 1,297 644 125 149 81 132
CA 45 46 41 42 1,324 1,259 1,069 778 111 117 112 116
JM 42 46 43 46 440 328 386 322 364 457 363 342
AB 41 42 41 42 602 483 649 431 266 331 216 278
XM 38 40 665 795 277 164
XH 44 43 593 723 253 166
XC 46 46 556 630 295 195
XB 40 41 867 1,034 205 106
XJ 36 37 838 1,129 173 93
XCa 41 40 297 522 589 241

Mean 42 45 42 44 725 695 811 501 271 302 194 261

Mean %of control 103 98 100 85 115 63 120 72 105

* See Table I for definition of symbols.
t Renal vascular resistance = mean blood pressure/renal blood flow.

lation during the control period. There was no yet, after one month of therapy, all but one of the
change in potassium excretion due to ambulation patients showed a reduction in plasma sodium con-
(106 per cent of supine control) during the con- centration. The lone exception was the only pa-
trol period but after hexamethonium there was an tient who did not show a decrease in the excretion
apparent decrease to 79 per cent of the supine of sodium in the post-drug supine state as com-
value during hexamethonium therapy. pared to the control supine value. Despite the ap-

The patients were given a constant sodium diet parent decrease in sodium and water excretion dur-
for two weeks prior to receiving hexamethonium ing the studies which were performed after receiv-
and throughout the period of drug administration; ing hexamethonium for one month, none of the pa-

TABLE III

Effect of oral hexamethonium on water and electrolyte excretion

Plasma concentration

Urine volume* Sodium excretion Potassium excretion Sodium Potassium

Pt. CR CA DR DA CR CA DR DA CR CA DR DA CR DR CR DR

m./min. 'yEq./min. -yEq./min. mEq./L.
WA 9.4 7.4 4.3 3.9 287 191 208 87 121 138 90 77 139 134 3.3 3.2
AR 17.0 16.0 7.9 3.0 361 204 135 91 236 200 221 162 129 124 3.2 3.0
TE 27.0 11.0 8.9 3.5 565 204 104 17 146 282 95 62 140 133 3.7 3.7
JR 16.0 17.0 5.9 2.3 191 217 261 74 162 164 79 51 140 140 3.0 3.0
CA 4.5 5.6 6.8 4.2 226 200 135 39 231 269 31 28 140 132 4.1 4.2
JM 9.0 2.7 6.0 2.2 1,043 1,043 522 522 205 115 67 51 136 125 3.7 3.6
AB 10.0 7.6 8.0 3.4 870 522 130 35 128 103 26 26 140 132 2.9 3.1

.Mean 13.3 9.6 6.8 3.2 506 369 214 124 176 182 87 65 138 131 3.4 3.4

Mean %of controlt 79 66 50t 75 56 44t 106 50 79t 95 100

* See Table I for definition of symbols.
t Mean %of control-

CA - CA/CR X 100
DR = DR/CR X 100
DA = DA/DR X 100
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TABLE IV

Comparative effect of ambulation and recumbecy on water
and eletrolyte excretion in one patient under

hexamethonium (oral) therapy*

Day Period

12-7-52 1 (7-11 a.m.)
2 (11-3 p.m.)
3 (3-7 p.m.)
4 (7-11 p.m.)
5 (11-3 a.m.)
6 (3-7 a.m.)

12-8-52 1 (7-11 a.m.)
2 (11-3 p.m.)
3 (3-7 p.m.)
4 (7-11 p.m.)
5 (11-3 a.m.)
6 (3-7 a.m.)

12-9-52 1 (7-11 a.m.)
2 (11-3 p.m.)
3 3-7 p.m.)
4 7-11 p.m.)

(11-3 a.m.)

6 3-7 a.m)

* State:
U.V.:
Cl:
Na:
K:

State

A
R
A
A
R
R

U.V.

1.04
5.17
3.17
1.96
4.29
2.33

A 0.79
R 4.21
A 2.46
A 2.50
R 3.46
R 1.96

A 1.08
R 5.54
A 1.38
A 1.63
R 4.42
R 1.67

A-ambulatory; R-recum
Urine volume (ml./min.)
Chloride excretion ('y Eq./r
Sodium excretion ('y Eq./m
Potassium excretion ('y Eq.

tients gained weight nor did th
signs of edema to indicate salt and i

The results of the electrolyte e)
during alternating four-hour recui

bulatory periods in one patient a

Table IV. Observations were m;

cretion rates of water, sodium, ch
tassium. These excretion rates i

C1 Na K

55 47 22
83 333 225
58 71 20
38 42 18
92 96 75
98 63 23

in the four-hour periods of ambulation but were

augmented in the four-hour periods of recumbency
which immediately followed the period of ambula-
tion. The excretion rates of water and electrolytes
decreased during the second four-hour period when
two collection periods were run consecutively in
the recumbent position.

DISCUSSION

29 34 -10
Since may orally in long

108 138 208 term therapy of hypertension, it is of interest to ob-
79 58 221 serve the changes in homeostatic balances which
88 75 358 occur. Previous work has demonstrated that a
79 63 19 single intravenous dose of hexamethonium is fol-
80 58 29 lowed by a prolonged reduction in arterial pres-

107 304 254 sure but only a temporary depression of glomerular
37 29 8

48 42 14 filtration rate (GFR) and renal plasma flow
100 154 92 (RPF) in the recumbent position. The present

89 42 12
data indicate a continuation of this response dur-

bent ing prolonged oral hexamethonium therapy. There

nin.)
was no depression of GFR, RPF, or TmPAHin

iin.) the supine position, although the blood pressure
./min.) was significantly reduced. This was reflected in

a reduction of renal vascular resistance. Pre-
ey demonstrate existent renal damage did not appear to alter this
water retention. response. These observations are in agreement
Kcretion studies with the observations of Corcoran, Taylor, and
mbent and am- Page (6) who observed an increase in RPF and
.re indicated in a decrease in MBPfollowing spinal anesthesia and
ade on the ex- suggest that in patients with hypertension a sig-
loride, and po- nificant degree of renal vasoconstriction may be
were depressed mediated over the sympathetic nervous system.

TABLE V

Summary of the effect of ambulation before and after oral hexamethonium in seven patients
(Mean values and percentile changes)*t

CA/CR DR/CR DA/CR DA/DR
CR CA X102 DR X102 DA X102 X10O

Mean blood pressure (mm. Hg) 159 161 101 134 84 104 65 78
Glomerular filtration rate (ml./min.) 73 65 89 71 97 56 77 79
Renal plasma flow (ml./min.) 449 380 85 478 106 286 64 60
Tubular excretory capacity (mg./min.) 63 57 90 60 95 53 84 88
Hematocrit 44 45 102 42 95 44 100 105
Renal blood flow (ml./min.) 801 695 87 815 102 501 63 61
Renal vascular resistance X103 247 302 122 223 90 261 106 117
Urine volume (ml./min.) 13.3 9.6 72 6.8 51 3.2 - 47
Sodium excretion (,y Eq./min.) 506 369 73 214 42 124 58
Potassium excretion ('y Eq./min.) 176 182 103 87 49 65 37 75

* All values are mean values for seven patients (WA to AB) who were studied both in the supine position and during
ambulation.

t CR-Control recumbent
CA-Control ambulatory
DR-Recumbent after hexamethonium
DA-Ambulatory after hexamethonium

1137



RALPH V. FORD, JOHN H. MOYER, AND CHARLESL. SPURR

The participation of neurogenic reflexes in the
control of renal functions is suggested by the
changes accompanying tilting (5) or ambulation as
summarized in Table V (CA/CR). Renal vaso-
constriction occurs as evidenced by the increase
in RVR and a decrease in GFR, RBF, and
TmPAH, but minimal, if any, change in blood
pressure. This is associated with a decrease in
the excretion of water and sodium. During hexa-
methonium therapy, there is an additional reduc-
tion in blood pressure due to ambulation which is
also accompanied by a reduction in GFR, RBF,
TmPAH, and the excretion of water, sodium, and
potassium (Table V, DA/DR). There is very
little increase in RVRin the ambulatory state after
hexamethonium as compared to the recumbent
state before the drug is administered (DA/DR).
However, when the recumbent state after gangli-
onic blockade is used as the baseline there is nearly
as great a percentile increase in RVRdue to am-
bulation as there was in the untreated patient
(Table V, DA/DR as compared to CA/CR, re-
spectively). This indicates that under the stress
of postural changes, reflex vasoconstrictive mecha-
nisms in the kidney are retained despite partial
ganglionic blockade with hexamethonium. In spite
of the (apparent) depression of renal hemodynam-
ics during ambulation there was no instance of in-
creased renal decompensation as manifested by a
rising blood urea nitrogen.

The explanation for the depression of water and
electrolyte excretion during hexamethonium ther-
apy is not apparent. Even during recumbency,
the present data show a decrease in water and
sodium excretion during hexamethonium therapy
as compared to the control observations. The re-
duction in plasma sodium concentration suggests a
partial depletion of this electrolyte during the ad-
ministration of hexamethonium. A depleted state
due to sodium loss during the initial administration
of hexamethonium might be reflected in decreased
excretion of sodium in the urine after receiving
hexamethonium for prolonged periods (one month
or more). The initial response to hexamethonium
administration was not studied since this observa-
tion on sodium excretion was not anticipated. Var-
iations in sodium and water intake between the con-
trol study and one month later may also be respon-
sible for the reduced sodium excretion since sodium
intake was not rigidly controlled in these patients.

The amount of sodium in the diet was kept con-
stant during the study and for a two-week control
period before the drug was administered. How-
ever, one cannot be sure that the patients consumed
their entire diet. This may well be a factor since
initial therapy with hexamethonium is frequently
associated with a decreased appetite. Before any
conclusions are drawn in this regard the problem
should be investigated in more detail and the ob-
servations confirmed by other investigators.

The acute response to ambulation may well be a
neurogenic response, since neurogenic impulses to
the kidney may cause an increase in tubular reab-
sorption of water and sodium. There is evidence
to indicate that it is not of hormonal origin since
Murphy and Stead (7) have shown that endoge-
nous antidiuretic hormone does not increase sodium
reabsorption in man. In spite of the apparent de-
pression of excretion of water and electrolytes, none
of the patients exhibited edema or other signs of
fluid retention. In one patient studied by observa-
tions of excretion rates of water, sodium, potas-
sium, and chloride during four-hour periods at
which time he was either ambulatory or recumbent,
there was a decrease in excretion during ambula-
tion but an increase during recumbency. During
the sleeping hours, excretion of sodium and water
during the first (11 to 3 a.m.) recumbent period
was greater than the second (3 to 7 a.m.) consecu-
tive recumbent period, suggesting that during the
first sleeping period there was an augmented ex-
cretion to compensate for the preceding period of
depressed excretion. Although renal functions
are depressed during ambulation, there is a re-
turn to the control values during recumbency even
though the blood pressure is reduced during hexa-
methonium therapy. Thus, this period during re-
cumbency may also allow for necessary homeostatic
balance or compensation to prevent retention of
renal excretion products such as urea nitrogen.

SUMMARYANDCONCLUSIONS

1. Thirteen patients with hypertension have been
observed during oral hexamethonium therapy.
Observations were made during recumbency as
well as during ambulation.

2. In the supine position, there was a reduction
in blood pressure after hexamethonium without a
reduction in renal plasma flow, glomerular filtra-
tion rate, or tubular excretory capacity. These
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observations indicate that the renal vessels in pa-
tients with hypertension are quite capable of
dilating.

3. In the ambulatory state before hexametho-
nium, there was a depression of glomerular filtra-
tion, renal plasma flow, and TmPAHdue to vaso-
constriction. After hexamethonium therapy, the
ambulatory state was accompanied by a further
drop in blood pressure and a reduction in renal
functions quite similar to those observed in the
untreated patient but the changes were often more
marked.

4. Ambulation after the administration of hexa-
methonium is accompanied by a decrease in the
excretion of water, sodium, and potassium. This
may be due to neurogenic impulses as suggested by
the depression during ambulation alone without a
drop in blood pressure.

5. Hexamethonium when used orally in the
chronic treatment of hypertension appears to be
acceptable since none of the changes described re-
sulted in any significant alteration of their clinical
status in terms of impaired excretion of nitrog-
enous substances or in the retention of sodium
and water. Reactivity in the recumbent position
seems to compensate for the depressed function
during ambulation.
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