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TABLE III. Plaque Neutralization Test of Measles Virus by Serum Obtained in Course of
Measles Infeetion.

No. plaques
expeeted in

PFU/.1 mlin presence of scrum

Date of ahsenee of o
serunt Phase of disease serum Tndil, 1:53  1:25  1:125 1:625 1:3125 1:15625
9/30  Prior to clinical symp- 43 20 16 +0
toms
10/ 3 One day after yash 43 0 1 3 24 29 52 R
10/ 8 Convaleseence 43 0 10 24 ENY
11/10 v 43 0 U] 0 32

Al serum samples were heated at 56°C for 30 min,

of measles (multinucleate giant cells with in-
tranuclear inclusions) were observed in patas
cultures 2 days after infection with large doses
of virus. with small doses 2-3 weeks were
necessary before the final reading could be
made. With the plaque method, final results
were obtained at the end of one week after
inoculation and. in addition. there was no
need for changing the medium. as was neces-
sary for the tube method. Quantitative re-
sults were easily achieved by counting the
number of the distinct small plaques.

Foamy agents(10) have been confused with
measles virus because of their characteristic
cytopathic changes in rhesus monkey kidney
cultures in fluid medium. However, measles-
like plaques have not been observed with the
foamy agents under agar in rhesus cultures.
although the cell sheets were destroyed by the
agents. IFoamy-like virus has not been recov-
ered from the patas cultures which we have
used in our studies over the past 3 years(7,8),
except recently from 2 patas monkeys which
had been kept in the stock colony for 10
months or longer. and the possibility exists
that they might have acquired their infections
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from other monkeys in the colony.

Summary. Measles virus produces tiny but
distinct plaques with sharp boundaries, in
bottle cultures prepared from kidneys of
African red grass monkeys (Ervthrocebus
patas). As with other viruses, quantitative
assays and neutralization tests with measles
virus may now be carried out by the plaque
technic.
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Pitressin increases the level of ACTH in
the:blood(1). Tt has been assumed that this
© * Aided by research grant from U. S. Public Health
Service.

1 National Science Fn. Postdoctoral Fellow.

effect is mediated solely by the action of vaso-
pressin on the adenchypophysis(2). The fol-
lowing studies were undertaken to determine
whether this assumption is correct.

Methods. Adrenal ascorbic acid depletion



PiTRESSIN-ACTH INTERACTION 71

TABLE I. ACTH Aectivity of Pitressin and Purified Natural Arginine Vasopressin.

Adrenal ascorbie acid depletion

(mg/100 g of adrenal) Estimate of

v~  ACTH aetiv-

Exp. Test substance Dose Individual responses® Avg  ity, mu/unit}

A  ACTHUS.P.standard 1.0 mut 165,106, 117, 146,193,165 149

25 7 39, 58, 29, 27, 48 40 .10 +.02¢
Pitressin 5.0 units} 104,104, 45, 53, 63, 141 85
25 7 49, 91, 46, 68 64
B ACTH U.S.P. standard 5 mu 63, 37, 80, 53, 92, 87 69
25 7 -87,-3, 66,-29, -25, 20, 95 5

Purified natural argi- 5.0 units 55, 67, 29, 31, 35,188,18,75 62 09 + .02

nine vasopressin 25 7 27,14, 24,58,7,38,0 24
C  Pitressin 5.0 units 59, 87, 39 62
1.0 7 55, 68, 40, 4, —14, 46 33
2 7 -4,10,18, 39,37 5
04 7 20, -3, 4, 28, -19 6

* Difference in ascorbie aeid concentration in left adrenal removed prior to inj. of test sub-
statiee and eoucentration in right adrenal removed one hr after inj.

t Milliunits of ACTH.

assays for ACTH were performed 24 hours
after hypophysectomy in male rats weighing
from 110 to 130 g(3). Hormonesi were in-
jected intravenously over a period of 5 min-
utes and were dissolved in 1 ml of 0.9% so-
dium chloride solution brought to pH 2 by
addition of concentrated HC] (acid-saline).
Adrenal ascorbic acid depletion assays for
ACTH were also performed in rats bearing
destructive lesions of the median eminence
area of the hypothalamus. The lesions were
made in male rats weighing 250 to 300 g with
a high frequency alternating current delivered
by a stereotaxically placed electrode. Imme-
diately after lesioning the rats were placed in
metaholic cages and their 24-hour water con-
sumption and urinary output were determined.
Only rats with severe diabetes insipidus (uri-
nary volumes greater than 75 ml) were re-
tained for further study. These animals fail
to respond to a variety of stimuli with adrenal
ascorbic acid depletion(1). Forty-eight hours
after lesioning, the diabetes insipidus rats
were divided into 2 groups. Animals of one
group were anesthetized with ether and the
left adrenal removed. The trachea was in-
tubated and intermittent positive pressure

* Grateful acknowledgement is made to Dr. Dan
McGinty of Parke, Davis and Co. for generous gifts
of Pitressin and of epinephrine, and to Dr. Vincent
du Vigneaud for supply of highly purified natural
arginine vasopressin (AVN-5).

 Units of pressor activity.

§ + stand. error.

respiration instituted. The animal’s neck was
then crushed between the jaws of a large sur-
gical clamp which was placed rostral to the
tracheotomy. This procedure completely
stops circulatory exchange between the head
and the trunk. The animal may be consid-
ered decapitated. Following decapitation, 1
ml of acid-saline containing either Pitressin
or epinephrine was intravenously infused over
a 5-minute petiod. Thirty minutes after com-
pletion of infusion the right adrenal was re-
moved. The second group of rats was treated
in the same manner except tracheotomy and
decapitation were not performed. The de-
capitated animals exhibited hypotension at
the conclusion of the experiment. The per-
sistence of strong nociceptive reflexes in these
animals indicated that despite the hypoten-
sion circulation was adequate to maintain
some degree of spinal cord function.

Results. Pitressin depletes adrenal ascorbic
acid in hypophysectomized rats. This effect
is observed only with doses of Pitressin which
are much larger than those necessary for dem-
onstration of the antidiuretic and the pressor
effects of the hormone. The 5 unit dose was
found to be fatal in about 10% of the animals
injected. One unit of Pitressin appears to be
equivalent to 0.1 milliunit (mu) of ACTH
with respect to adrenal ascorbic acid depleting
activity (Table I, Exp. A and B). Highly
purified natural arginine vasopressin obtained
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TABLE II. Potentiation of ACTH by Addition of Pitressin.
Adrenal ascorbic acid depletion
Dose (mg/100 g of adrenal) Potentiation
ACTH, Pitressin, ~ with 95%
Exp. Test substance mut unitsi Tndividual responses* Avg  fiducial limits
D US.P.ACTH standard 2.0 128, 148, 144, 143, 109, 124 133
1.0 70, 72, 88, 38, 95, 94, 123 83
5] 12,37, 22,30,12, 28,79 33
Idem + Pitressin .30 5.0 140,141,128, 124,125,114, 134 129 1.96 (1.49-2.57)
25 5.0 124, 63, 167, 118, 100, 102 112
E USSP ACTH standard 2.0 146,143, 166, 165, 108, 164, 137, 143
118
1.0 143,118, 86, 130,117, 98, 86 111
3 96, 70, 65, 70, 112, 51, 57 74
Tdem + Pitressin 12 ° 114,125,178, 126, 137, 134,119, 137 1.55 (1.14-2.11)
164
6 2 83, 03,120, 79, 180, 187, 131 125
K] 2 70,61, 46, 68, 73, 24, 78, 40 58

* Qoe Table T t Milliunits of ACTH.

from Dr. V. du Vigneaud exhibits ACTH ac-
tivity similar to that of Pitressin. This sug-
gests that the ACTH-like action of vasopres-
sin is probably not due to the presence of a
contaminant.

Pitressin potentiates the adrenal ascorbic
acid depleting activity of ACTH. Comparison
of the potency of ACTH administered with 5
units of Pitressin to that of ACTH adminis-
tered alone yields a potency ratio of 1.96 to 1
(Table II, Exp. D). This potency estimate
assumes that 5 units of Pitressin contributes
the equivalent of 0.5 mu ACTH. Thus the
doses of ACTH employed in the calculation
of the potency ratio in assay D were 2.0, 1.0
and 0.5 mu for ACTH alone and 1.0 and 0.75
mu for the combination of ACTH and Pitres-
sin. The potentiation is obviously not ac-
counted for by simple addition. The accuracy
of the estimate of potentiation is in part de-
pendent on the accuracy with which the

$ Units of pressor activity.

ACTH activity of Pitressin is determined. To
obviate this source of error, a potentiating
dose of Pitressin was sought which had negli-
gible ACTH activity. Potentiation of adrenal
response to ACTH was found with 0.2 unit of
Pitressin. At this dose level Pitressin has no
significant effect on adrenal ascorbic acid in
the hypophysectomized rat (Table I, Exp. C),
but potentiates the action of ACTH by a fac-
tor of 1.55 (Table II, Exp. E). In Exp. D
and E, the potentiation is statistically signifi-
cant.

Pitressin depletes adrenal ascorbic acid in
the decapitated median eminence lesioned
rat. Epinephrine is devoid of activity (Table
II1). The degree of depletion is significantly
less than that observed in the nondecapitated
median eminence lesion rat. This difference
may be due to Pitressin induced ACTH re-
lease by the adenohypophysis of the non-de-
capitated rat or to the shock-like state of the

TABLE III. Action of Pitressin in Median Eminence Lesioned Rat.

Adrenal ascorbic acid depletion
(mg/100 g of adrenal)

Al

Animal preparation Test substance  Dose Individual respounses® Avg + S.E.
Median eminence lesion  Pitressin 5 units 149,193, 158, 202, 150,167,183 172 + 8
” B 123,131, 183, 135, 148 144 + 11
Idem—decaptitated ” 5 " 110,131, 176,116, 164,113,149, 130+ 9

146, 26, 169, 82, 155, 82

» S5 102, 76, 75, 85 85+ 6
Epinephrine 10 pg 76,-20,71,-1,-15, 39 25 + 17

* See Table I.
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decapitated animal. Regardless of the cause
of this difference, the extrahypophysial action
of Pitressin is demonstrated.

Discussion. Attention has been focused on
the adenohypophysis as the site of action of
vasopressin in elevating blood ACTH. The
observations reported here and those of Hume
and Nelson(4) indicate that vasopressin acts
to influence blood ACTH by extrapituitary
mechanisms. The s# vivo potentiation of
ACTH by Pitressin may be explained in part
by inhibition of a degradative enzyme system
(5,6). The possibility cannot be ruled out
that part of the potentiation is due to block-
ade by Pitressin of peripheral binding sites for
ACTH. In this connection, Richards and
Sayers(7) have demonstrated small stores of
ACTH in the kidney of the rat and Higgin-
botham and Dougherty(8) have interpreted
the action of ACTH in enhancing toxicity of
polymyxin B as due to competition of the 2
substances for peripheral binding sites. Since
highly purified natural arginine vasopressin
and synthetic vasopressin(4) both activate
the adrenal cortex in the absence of the
adenohypophysis, it seems unnecessary to
ascribe the ACTH-like activity of Pitressin to
contamination with ACTH. Two alternate
explanations exist. Vasopressin may act di-
rectly on the adrenal cortex or vasopressin
may release ACTH from nonadenohypo-
physial storage sites.

McCann(2) has presented evidence to sup-
port the thesis that vasopressin is the corti-
cotropin releasing factor (CRF). On the
other hand, Sayers(9) takes the position that
CRF is not vasopressin but another basic
polypeptide which can be extracted from the
hypothalamus. The problem has been com-
plicated by the fact that Pitressin and the
hypothalamic extract of Sayers have ACTH
activity when assayed in 24-hour hypophysec-
tomized rats. These experimental observa-
tions are brought into harmony by the follow-
ing working concept.

ACTH and a number of other basic poly-
peptides compete for binding sites both within
the adenohypophysis and in extrapituitary tis-
sue. Within the adenohypophysis certain
basic polypeptides release bound ACTH by
displacing it from intracellular binding sites.

One of these polypeptides is the physiological
CRF, another is vasopressin. In extrapitui-
tary tissue basic polypeptides exchange with
bound ACTH to bring about release of the
tropin. CRF and vasopressin appear to have
ACTH activity in the hypophysectomized or
decapitated rat by virtue of this mechanism.
ACTH and other basic polypeptides also com-
pete for sites in a proteolytic system. The pos-
sibility exists that ACTH competes with basic
polypeptides at receptor sites in the adrenal
cortex.

This concept has proved to be of value in
the design of experiments concerned with re-
lease of ACTH from the adenohypophysis.
The general applicability and theoretical
soundness of the concept will be determined
by accumulation of additional experimental
data. Regardless of the outcome, the con-
clusion is inescapable that vasopressin and
hypothalamic extracts influence the level of
ACTH in the blood by extrapituitary actions
as well as by release of ACTH from the adeno-
hypophysis.

Summary. Pitressin depletes adrenal as-
corbic acid and potentiates the action of
ACTH in the 24-hour hypophysectomized rat.
The observation that Pitressin depletes adre-
nal ascorbic acid in the rat with a lesion in
the median eminence has been confirmed.
Only part of this effect can be explained by
release of ACTH from the pituitary since
Pitressin will also deplete adrenal ascorbic
acid in a lesioned rat which has been decapi-
tated.

The authors gratefully acknowledge the technical
assistance of Rosalie Burks and Helen G. Hughes.
Dr. E. S. Redgate instructed us in the use of the
stereotaxic instrument.

Addendum. After the manuscript was submitted
for publication, synthetic arginine vasopressin was
found to be as potent as Pitressin per unit of pressor
activity in depleting adrenal ascorbic acid in 24-hour
hypophysectomized rats.

1. McCann, S. M., Endocrinology, 1957, v60, 664.

2. , Proc. Soc. Exp. BrorL. AND MEp., 1957,
v96, 566.

3. Sayers, M. A, Sayers, G, Woodbury, L. A,
Endocrinology, 1948, v42, 379.

4, Hume, D. M., Nelson, D. H., The Endocrine




74 3-METHOXY ANALOGUE OF NOREPINEPHRINE

Soc. (abst.), 1957, p98.

5. Barrett, A. M., Acomb, K., Savers, G., ibid., 1957,
p30.

6. Barrett, A. M., Sayers, G., Endocrinology, 1038,
v62, 637.

7. Richards, J. B, Savers, G, Proc. Soc. Exr.

Bror. anp MEep., 1951, v77, 87.

8. Higginbotham, R. D., Dougherty, T. F., ibid,,
1957, v96, 466.

9. Savers, G., Ciba Foundation Colloguia on En-
docrinology, 1957, vil, 138.
Received March 10, 1938.

PS.E.B.M., 1038 v98.

Relative Lack of Pharmacologic Action of 3-Methoxy Analogue of

Norepinephrine.*
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Investigations within the past vear have
indicated that a major pathway for metabol-
ism of norepinephrine in the body is by a
combination of methylation of the 3-hydroxy
position and oxidative deamination. Arm-
strong. McMillan and Shaw(1) reported that
3-methoxy-4-hydroxy mandelic acid (VMA)
is a major urinary metabolite of norepine-
phrine and epinephrine in man. Subsequently,
Axelrod(2) showed that the 3-hydroxy posi-
tions of both of these amines can be methyl-
ated by animal tissues in vitro and in vivo to
vield the corresponding 3-methoxy analogues.
Axelrod ¢t al.(3) have presented evidence
that methylation pcr se and methylation fol-
lowed by oxidative deamination are the ma-
jor means of metabolizing norepinephrine ad-
ministered to rats. It is still not certain, how-
ever, to what extent endogenous norepine-
phrine is metabolized in the same manner.

Recently, m-O-methylnorepinephrine (nor-
metanephrine), presumably arising near the
site of endogenous formation of norepine-
phrine, was found in adrenal gland and spleen
(personal communication), in the brain of rats
after administration of iproniazid(4). and in
norepinephrine-producing tumors (pheochro-
mocytomas) of man(3). It seemed important
to determine whether this new amine would
produce central or peripheral effects on admin-
istration to lower animals and to human sub-

* The normetanephrine was supplied as the hydro-
chloride through the generosity of Dr. Julius Axelrod
and Dr. Bernard Witkop.

jects. The results to be reported suggest that
O-methylation of norepinephrine in wivo re-
sults in its inactivation.

Mecthods. Studies of the neuropharmaco-
logical effects of normetanephrine (NJN)
were carried out in cats. Clinical studies were
conducted in 2 patients after observations in
the dog suggested only weak pressor activity.

A. Pharmacological studies in  animals.
Studies of the effects of NMN on electrical
activity of the brain were carried out in anes-
thetized cats, and in unanesthetized cats with
permanently implanted electrodes. The anes-
thetized preparations (pentobarbital. 30 mg/
kg. intraperitoneally) were emploved in
studies of the effects of intracarotid adminis-
tration of NMN on the transcallosal response.
In these preparations the transcallosal re-
sponse was recorded from one suprasylvian
gyrus following both maximal and submaxi-
mal electrical stimulation of a corresponding
point on the contralateral hemisphere. NMN
was administered vig a small polvethylene
catheter which had been placed in a thyroid
branch of the common carotid artery and ad-
vanced until the orifice of the catheter was at
the junction of the common carotid artery
and the branch which had been cannulated.
NMNXN was dissolved in isotonic NaCl solu-
tion; each injection was made in a volume of
1 ml. Chronic preparations with permanently
implanted electrodes were employed to study
the effects of the NMN on spontaneous cor-
tical activity and on a variety of evoked cor-
tical responses. The cortical response to a



