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l-hydrazinophthalazine ("Apresoline") has been
shown to lower the blood pressure and augment the
renal blood flow in certain hypertensive patients
(1, 2). Although the drug induces vasodilatation,
its exact mechanism of action requires further
study. Some evidence suggests that it may sup-
press the sympathetic vasoconstrictor reflexes
which cause the "overshoot" in arterial pressure
following the Valsalva maneuver (3). Also it
appears to have the capacity of inhibiting pressor
substances of either renal (4) or cerebral (5)
origin.

The present study was undertaken in order to
measure the effect of this drug, given intramus-
cularly, on cerebral blood flow, cerebral vascular
resistance, cerebral oxygen uptake and jugular
venous oxygen tension of patients with essential
hypertension. For comparison, other patients
were given a placebo. The effects of "Apresoline"
have been compared with the changes observed
after the placebo and during the hypotension in-
duced by differential spinal sympathetic block
(6), 20° head-up tilt (7), dihydroergocornine
(8), protoveratrine (9), and sympathectomy (10).

METHODS

1. Choice of subjects: Seven patients with essential hy-
pertension were selected from the medical and surgical
wards of the Hospital of the University of Pennsylvania
for the "Apresoline" study. Two patients were in the
Group I life expectancy classification of Smithwick (11),
three were in Group II and two were in Group IV (poor-
est prognosis).

I This investigation is being supported in part by re-
search grants from the National Heart Institute, U. S.
Public Health Service (H-361), and the Ciba Pharma-
ceutical Products, Inc.

The placebo injection study group consisted of the
following six patients: one in Group I, three in Group II
and two in Group IV. Five additional patients were stud-
ied after subtotal adrenalectomy (12) (approximately
88-98 per cent) before and after the placebo. The pre-
adrenalectomy grouping of these patients with severe hy-
pertension and vascular complications was: one in Group
II and four in Group IV. They were selected at random
without regard to their postoperative blood pressure
level. All patients were ambulatory and required corti-
sone or cortisone and desoxycorticosterone at the time
of the initial postadrenalectomy study. One patient, I. B.
(Table II), was tested 3 and 12 months after operation.
These patients were tested to see whether patients with
adrenalectomy responded differently after the placebo in-
jection as to mean arterial pressure, cerebral blood flow
and oxygen consumption and jugular venous oxygen ten-
sion. These patients are shown below the heavy line
in Table II.

2. Technique of study: Cerebral blood flow and oxygen
consumption were determined in the supine position by
the nitrous oxide method (13). Mean femoral arterial
pressure was measured through an indwelling femoral
arterial needle. Analyses of blood gases were made by
methods reported previously (13, 14). Hydrogen ion
concentration of arterial and venous blood was measured
anaerobically at room temperature and corrected to 370
C. (15). Hemoglobin concentration was measured with
the Evelyn colorimeter and the oxygen capacity calcu-
lated therefrom. The derived jugular venous oxygen
saturation and jugular venous blood pH allowed an es-
timation of jugular venous oxygen tension from the data
of Dill (6, 16). This estimation is assumed to vary di-
rectly with cerebral oxygen tension (17). The drug
was injected intramuscularly immediately upon comple-
tion of the control observations.

3. Dosage of drug and placebo: The dosage of 1-hydra-
zinophthalazine2 varied from 0.14 mgm. to 0.36 mgm. per
kilogram of bodyweight (total dose 10 to 20 mgms.).
Four patients received 14 mgms. or less. The second

2 Generous supplies were made available by F. L. Mohr,
M.D., of Ciba Pharmaceutical Products, Inc., Summit.
New Jersey.
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cerebral blood flow measurement was made between 50 RESULTS

and 70 minutes after the intramnuscular inj ection. By TalsIndIcotithreusobiedn

this time the arterial pressure had become stabilized at its

lowest level or had begun to rise, each test. The initial mean values, mean changes
The patients in the placebo experiment were given 1.0 and standard deviations of each group are sum-

cc. of 0.9 per cent NaCl solution intravenously after the
irzdnTalII. heeucosinm nar

control study. The second s-tudy of the cerebral circula-

tion was made 60 minutes later. The patients were told terial pressure, cerebral -vascular resistance and

that a substance had been given which would lead to a arterial carbon dioxide tension induced by 1-hydra-
more relaxed feeling. The apparent state of nervous ziohalinweetenysgifctcags
tension of the subject during the initial and subsequent

study was estimated. (p < 0.02).

TABLE I

Effects of intramuscular 1-hyrznptlaaieon cerebral circulation and oxygen metabolism of
ptetwihessential hypertension

Carbon dioxide Oxygen

Content Tension
BlopH3 C

Content Tension Saturation
Smith- volume's % mm. Hg volumes % mm. Hg %oxy Hb

Patient Sex Age wick ____ ___ ____ ___ __ ______ ___

group
Arterial Venous Arteria Venous Arterial Venous Arterial Venous Venous Venous

Bt Al B A B A B A B A B A B A B A B A B A

H. R. F 21 I 56.9 50.8 65.8 55.9 41 34 52 37 7.50 7.57 7.42 7.52 21.1 21.5 12.7 17.5 30 38 61 80

A. C. F 50 I 53.2 48.6 58.9 50.2 45 36 57 39 7.41 7.48 7.33 7.43 18.7 18.6 12.5 11.8 34 29 61 57

N. M. F 52 II 47.7 45.6 54.3 50.5 43 37 54 42 7.36 7.43 7.43 7.39 15.7 15.7 10.5 11.6 30 31 60 64

II 46.6 44.9 51.3 49.6 40 39 48 42 7.40 7.40 7.43 7.35 18.2 18.4 12.1 12.5 34 35S 61 63

1I 47.5 45.3 54.0 50.5 45 42 48 50 7.33 7.36 7.29 7.31 19.0 19.6 12.7 13.6 38 38 66 66

H. C. M 44 II 53.2 49.7 58.7 53.3 47 41 60 47 7.36 7.42 7.30 7.37 18.5 18.3 12.4 12.9 41 41 70 74

A. M. F 39 IV 59.2 55.6 65.3 62.0 49 42 64 56 7.40 7.44 7.31 7.35 15.7 14.8 9.0 8.4

V. J. F 47 IV 55.3 52.4 59.6 57.0 41 35 50 41 7.46 7.52 7.39 7.46 17.9 17.7 11.8 12.0 34 3 1 64 65

TABLE i-Continued

Cerebral Dosage
_______-_______ - _ ______ _____ ___ - _ ______ Pulse Respiratory _ _ _ _ _

rate rate
Smith- Bloo Oxygen Vacua Respiratory Mean art. per per

Patient Sex Age wick flow(X)* uptae (X) resistnet qotet press. minute minute Mmgroup qutet mm. Hg Mdgm. Mgmrtotal kilo

B A B A B A B A B A B A B A _

H. R. F 21 I 39 47 3.3 1.9 4.0 3.0 1.06 1.28 155 141 90 105 18 19 10 0.18

A. C. F 50 I 69 52 4.3 3.6 2.0 2.0 0.92 0.24 137 106 78 84 16 20 12 0.20

N. M. F 52 II 55 79 2.9 3.9 2.7 1.3 1.27 1.00 146 103 66 76 14 14 14 0.20

II 49 67 3.0 4.0 2.3 1.6 0.77 0.80 113 108 72 69 12 14 10 0.14
D. F. M 30-

II 77 65 4.9 4.0 1.9 2.0 1.03 0.85 147 131 72 76 16 19 17 0.24

H. C. M 44 II 40 42 2.7 2.2 3.5 2.6 0.90 0.67 140 108 64 64 16 20 13 0.14

A. M. F 39 IV 70 61 4.7 3.9 2.1 1.3 0.91 1.00 148 81 87 85 16 16 20 0.36

V. J. F 47 IV 45 42 2.8 2.4 3.6 3.0 0.70 0.81 162 1727 90 114 28 28 18 0.25

(X) cc. per 100 grams per imn.
t Cerebmal vascular resistance is mean arterial pressure divided by cerebral blood flow expressed as mm. Hg per cc.

bloo per 100 grams brain per minute.
iBdenotes study made before dlrug injection.
A denotes study made after drug injection.
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TABLE

Effects of intravenous paeoncrbalcirculation and oxygen mnetabolism of
patenswthessntoJhypertension

Carbon dioxide Oxygen
- ~~~~~Blood pH37'C.

Content Tension Content Tension Saturation
Smith- volumes % mm. Hg volumes % mm. Hz %oxy Hb

Patient Sex Age wick ___ ______

group
Arterial Venous Arterial Venous Arterial Venous Arterial Venous Venous Venous

Bt Al B A B A B A B A B A B A B A B A B A

E. Z. M 40 I 47.6 47.9 51.5 53.2 45 41 50 54 7.37 7.40 7.34 7.33 17.8 17.7 13.1 12.1 37 34 66 61

B. S. M 32 II 48.9 51.6 58.0 59.5 45 45 60 56 7.37 7.39 7.29 7.34 20.6 20.1 10.7 11.6 29 30 49 53

W. P. M 39 II 48.6 48.7 51.6 51.2 46 33 54 40 7.34 7.52 7.31 7.44 20.1 19.7 16.5 17.0 55 53 84 86

M. M. F 42 II 49.4 50.5 55.0 56.1 42 46 54 55 7.40 7.37 7.32 7.31 17.1 16.5 10.9 10.8 34 35 60 61

G. G. M 50 IV 51. 51.3 55.1 55.S 4 39 51 47 7.3& 7.43 7.33 7.37 14.1 14.3 9.4 8.9 37 35 64 62

56.2 58.6 62.3 65.0 47 50 54 62 7.40 7.38 7.35 7.32 15.2 14.7 8.7 7.9 32 31 58 54
A. F. F 50 IV ~~

51.0 52.9 56.3 57.1 45 49 55 54 7.35 7.36 7.29 7.31 14.8 14.7 9.0 8.4 34 33 58 56

S. W. M 47 IV 32.5 33.0 38.6 40.2 38 33 45 45 7.26 7.31 7.20 7.24 17.3 17.4 10.4 9.8 37 33 61 58

40.5 41.9 47.2 48.5 31 33 40 41 7.44 7.43 7.38 7.37 14.9 15.2 8.2 8.3 27 29 51 53
I. B. F 44 IV * . . - -- ~ - - - .

42.2 42.3 48.9 49.7 37 40 44 49 7.37 7.34 7.32 7.28 15.5 14.9 7.9 8.2 30 34 52 58

T. C. M 43 IV 44.7 44. 52.8 53.0 46 41 48 52 7.31 7.36 7.26 7.31 19.4 19.5 11.3 11.2 36 34 61 60

E. D. M 43 II 47.3 47.3 52.2 53.0 42 42 52 50 7.38 7.38 7.31 7.33 18.0 17.6 12.9 12.2 39 36 68 64

TABLE li-Continued

Cerebral
_________ ~~~~~~~PulseRespiratory

mate rate Months
Smith- Blood Oxygen Vascular Respirator Mean art. per perafePatien Sex groufik low (X)* uptake (X) resistancet quotient press. mnt miue adrenal-

B A B A B A B A B A B A B A

E. Z. M 40 I 95 70 4.5 3.7 1UT 1.7RF 0.83 0.95 127 115 64 68 12 15

B. S. M 32 II 49 46 4.9 3 f2.8R~ 2 .9R 0.92 0.93 135 133 66 60 14 12

W. P. M 39 II 32 52 1.2 1.4 SA6T 3.2R 0.83 0.93 178 166 87 83 17 17

M. M. F 42 II 80 72 5.0 4.1 1A6R 1.7R 0.90 0.98 125 123 72 72 24 24

G. G. M 50 IV 82 67 3.9 3.6 2.0]E 2.5R 0.85 0.80 170 170 92 88 24 16

52 52 3.4 3.5 3A 3.Ok 0.94 1.05 175 158 80 64 13 16
A.FP. F 50 IV 6-54- .7 3_41___.264543~~7 ~~ 18R 22R 0.92 0.67 116 121 64 60 16 16 12

S. W. M 47 IV 49 60 3.4 4.6 2.4Rt 2.1R 0.88 0.94 116 126 72 78 18 22 15

44 S5 2.9 4.0 2.7T 2.1R 1.00 0.96 119 123 80 84 8 8 3
1.B.F IV

44 S5 3.3 3.4 2.6tSt 2.3R 0.88 1.09 116 115 76 78 14 20 12

T. C._ M 43 IV 72 38 5.8 3.1 I.SlE 2.7T 1.01 1.07 107 102 78 78 16 16 6

E. D. M 143 II 86 83 14.4 14.5 1A4R I1AR 0.96 11.06 116 1116 64 68 112 15I 3

* X) cc. per 100 grams per miinute.
tCerebral vascular resistance is mean arterial pressure divided by cerebral blood flow expressed as mm. Hg per cc.

bloo pe I0 grams brain per minute.B'de'nootes study made before placebo injection.
§A denotes study made after placebo injection.

T indicates that th patient appeared tense durn h rcdre.
R indicates that th patient appeared relaxed duigtepoeure.
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TABLE III

Mean changes and standard deviation of individul differenmcs in cerebral hemodynamics and oxygen metabolism of
patients with essential hypertnsion after tests with Apresoline and placebo

Significant reductions were observed in mean arterial pressure, cerebral vascular resistance and arterial carbon
dioxide tension (p < 0.02) after "Apresoline." No essential changes were noted after the placebo injection.

Arterial
Mean Cerebral Cerebral Cerebral Jugular carbon

arterial vascular blood oxygen oxygen dioxide
Patient group pressure resistance flow uptake tension tension
and number of

observations B A B A B A B A B A B A

Essential
hypertension 144 113 2.8 2.1 56 57 3.6 3.2 36 34 44 38

with
"Apresoline" -31 4- 20 -0.7*4 0.5 1 :1: 15 -0.4 d 0.9 -2 :1: 3 -6 4 3

(8)
Essential

hypertension 152 144 2.8 2.5 65 60 3.8 3.4 37 36 45 42
with

placebo -8 4 7 -0.3 + 1.1 -5 + 12 -0.4 4 1.7 -1= 2 -3 - 6
(6)

After subtotal
adrenalectomy 115 117 2.1 2.1 60 57 3.9 3.8 34 33 40 40

with
placebo 2 5 0 4 0.7 -3 E 19 -0.1 A 1.4 -1 1 3 0 - 4

(6)

Vnits are as in Table I.
Signifies statistically significant reduction (p < 0.02).

Figures in parentheses denote number of observations in each group.
In each group of patients the figures shown represent in the first line under B, the mean values before the injection,

and under A, the mean values after the injection. In the second line are shown the mean changes with the direction
denoted by plus or minus and the mean changes are followed by the standard deviation of the individual differences.

I. Intramuscular 1-hydrazinophthalazine in pa-
tients with essential hypertension

Mean arterial pressure of this group was re-
duced from 144 to 113 mm. Hg approximately 60
minutes after an average dose of 14 mgms. (Table
III). Cerebral blood flow, oxygen uptake and ve-
nous oxygen tension were unchanged. No un-
pleasant reactions were observed. Pulse rate in-
creased. The data of the individual tests are pre-
sented in Table I.

II. Intravenous saline placebo

A. In patients with essential hypertension

The data of the individual patients are shown
in Table II. Repetition of the observations 60
minutes after the intravenous injection of saline
solution showed no significant differences from
the initial measurements (Table III). There was
no consistent change which could be correlated
with the patient's apparent state of nervous ten-
sion. Two patients appeared to become more re-
laxed after the placebo. Vascular resistance in-

creased slightly in one (E. Z., Table II) and de-
creased markedly in the other (W. P., Table II).

B. In patients who had undergone subtotal
adrenalectomy alone or combined with sympathec-
tomy

The individual observations are shown in Table
II and the mean changes are presented in Table
III. There were no significant changes in the
cerebral functions measured in these patients one
hour after the intravenous saline injection.

One patient (A. F., Table II) was tested with
the placebo injection both before and after adrenal-
ectomy-sympathectomy. Minimal changes fol-
lowing the placebo were observed both before and
after operation. Cerebral venous oxygen tension
in this patient was markedly stable (31 to 34
mm. Hg).

I. B. was tested three months and again at
twelve months after operation. A slight decrease
in resistance was observed after the placebo in
each study. This patient was tense during the
control cerebral blood flow measurement in the early
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postadrenalectomy study, but not during either
the control or the post-injection measurements
made twelve months after adrenalectomy. Re-
sistance decreased more after the placebo in the
earlier study. Although the mean change in cere-
bral blood flow in this group was small and not
significant, one patient, T. C. (Table II), had a
reduction of flow almost twice the standard de-
viation of this group. The arterial carbon dioxide
tension of this patient was reduced from 46 to 41
mm. Hg as he grew more restless at the end of
the 60 minutes. This may account for the reduc-
tion in cerebral blood flow (18).

DISCUSSION

Mean values in Table III indicate that cerebral
blood flow was unchanged after "Apresoline" at a
time when the arterial carbon dioxide tension was
significantly reduced. The 25 per cent reduction
in cerebral vascular resistance induced by the
drug is all the more impressive because the reduc-
tion in arterial carbon dioxide tension would tend
to increase cerebral vascular resistance (18). The
data of Table III show a tendency for cerebral
blood flow to decrease after the saline injection in
both groups. This was not observed after 1-hydra-
zinophthalazine.

Reubi found the renal vascular resistance to be
reduced 40 per cent about 45 minutes after an in-
travenous injection of 10 to 20 mgms. of 1-hydra-
zinophthalazine (1). The mean arterial pressure
of his patients was lower than that of the group we
studied, and was reduced by about 15 per cent of
the pre-injection level.

Comparative data have been collected on pa-
tients with essential hypertension when hypoten-
sion in the cerebral arterial system was induced
by other drugs (8, 9), sympathectomy (10), or
twenty degree headup tilt for 20 minutes. The
mean reduction in cerebral vascular resistance in-
duced by l-hydrazinophthalazine appears to be
the same (about 25 per cent) as that induced by
dihydroergocornine and intravenous protovera-
trine.

Reduction in mean cerebral blood flow was ob-
served in patients with essential hypertension only
after the extreme pressure drop of differential

spinal block. The second flow measurements were
made when the arterial pressure appeared to be
stabilized, however, and mean oxygen uptake was
unchanged. A slight increase in mean oxygen up-
take was observed during the head-up tilt. In
several of these studies, a reduction in the mean
oxygen content of the internal jugular venous
blood was observed even though the cerebral
oxygen uptake was unchanged (6, 7, 10).

Such observations raised the question as- to
whether the mean decreases in cerebral venous
oxygen content were associated with significant
reductions in jugular venous oxygen tension (6).
This uncertainty led us to measure indirectly oxy-
gen tension, thus defining the range of "cerebral
oxygen tension" and cerebral blood flow in pa-
tients with essential hypertension under the con-
ditions of these experiments.

The relatively close agreement of the measure-
ments in the two groups, as indicated by both mean
and individual data, is reassuring when one con-
siders the large number of possible biological, ex-
perimental and analytical variations. These ob-
servations appear to afford a better baseline for
the interpretation of real changes in future studies
designed to clarify the influence of varying blood
gas tensions on the increased cerebral vascular
tone of patients with essential hypertension.

SUMMARY

Eight measurements of arterial and internal
jugular blood gases, cerebral blood flow, oxygen
uptake and venous oxygen tension were made in
seven patients with mild essential hypertension be-
fore and after a reduction in mean arterial pres-
sure induced by intramuscular 1-hydrazinophthal-
azine ("Apresoline").

The high cerebral vascular resistance of essen-
tial hypertension was reduced. This was associ-
ated with a slight reduction in arterial carbon diox-
ide tension. Cerebral blood flow, oxygen uptake
and venous oxygen tension were unchanged after
the drug.

The data obtained in the "Apresoline" study
have been compared with measurements made be-
fore and after a placebo injection in six other pa-
tients with essential hypertension. Five patients
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who had subtotal adrenalectomy previously were
also tested. The observations after the placebo
disclosed no significant differences from the ini-
tial mean values in each group. Cerebral blood
flow and oxygen consumption remained constant.

The reduction in the cerebral vascular resist-
ance of hypertensive patients after "Apresoline"
was sufficient to allow cerebral blood flow and oxy-
gen consumption to remain constant and was com-
parable to that observed during the hypotension
induced by dihydroergocornine and protoveratrine.
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