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HISTORICAL

Some of the blologlcal activities of the posterior pitui-
‘tarf hormone, vasopressin, have been known for many years. In
1859 Oliver and Schafer (109) found that extracts of the whole
pituitary gland were capable of increasing the blood pressure
of a dog when injected intravenously. Three years latér
Howell (66) demonstrated that the substance responsible for
this pressor action was obtalnable only from the posterior
lobe of the pituifary.v |

While studyling the.pressor action of posterlor lobe ex-
tracts, Dale (23) in 1909 roted that these crude extracts
'.élso had a uterine contracting or_oi&tbcic effect. _fhe next
year Ott and Scott (110) recognized a milk—ejecting ection on
the mammafy gland by these extracts. | o

In 191z Frank (45) postulated a‘ relationship'between the
neurohypophysis'and disbetes ;nsipidus, a dlsease character-
lzed by a large increase in urinéry secretion. He believed
that the disease was due to an excesslve outpouring of a
diuretic hormone from the pitultary. von den Velden (163) and
Faémi (41) tried injections of posterior lobe extracts on
cases of diébetes insipidus and weré surprised to learn that
these preparations had an antidiuretic effect and could be
used'successfully to treat the disease.

All of these blological activities were attributed to a

single substance until 1928 when Kamm et al. (73) worked out
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a separation scheme which gave'two sctive fractions. These
crude fractions were given the commercisl names Pitressin and
Pitocin. “Tne vasopressin fraction exhitited mostfof the
pressor &nd antidiuretic sctivities, and the oxytocin the
uterlie contrectiig ahd galactogogic effects.

Kamm and =is coworkers schnieved theilr seperation by a
hot dilute acetic ecid extraction of acetone-dried posterior‘
pituitary tissue and a series of solvent eudvsalt preclpite-
tions. Little was known acout the chemlcel sfructure of the
active prinbiples et thet tinme exéept thet they were veasic
end proceavly amihes. | |

After further purificstion of the Kemm extraect from beef
pltuiteries by electrophoresis (70) and countercurrent dis-
tricution (159), hydrolysis of the highly sctive vesopressin
fraction revealed that it confained cystine, tyrosirne, phenyl-
alanine, glutemic acid, aspertic acid,'proline, arginine'and
glyclue in epproximately equimolsr fetios. Three moles of
aiLmonis were aléo present. |

Perroruic acid oxidastion indiceted that the disulfide
linkagé of cystine formed a cyclic structure (111). Amino
acid sequence stuaies, utilizing the dinitrofluorobenzene
method of Senger (13%), the stepwise degredetion scheme of
Edmer. (40) and trypsin clesvage, enasvled Acher and Chauvet
(1) and du Vigneaud et al. (38) in 1953 to propose a struc-

ture for arginine vasopressin:



S-S

H—C§S~Tyr—Phe-Glu(KH2)—Asp(NHZ)—é}s—Pro—Arg—Gly(NHZ)

The final proof of this structure ceme when du Vigneaud end
his coworkers (36) synthesized arginine-vesopressin in 1954
and demonstrated that it poséessed the seme blologicel and
cnemical propertics as the hormone isolsted from beef pitui-
.taries.v
An interestlng species difference ﬁes discbvered when e

puriried vesopressin Iraction Irom hog pliuiteries wes
hydrolyzed. .Lysine was found to heve repleced érginine (112).
du Vitneeud}s croup also syntnesized the vorcine hormone (38).

‘ The éyntheses ol erginine end lysine vesopressins heave
~made aVaiiaole‘hormbnes whicn ¢re known to ce free of pitui-
tery contemlnents having other tiologlcel ectivities. With
syntnetic Qasopressin the tlologlcel ectivities intrinsic to

this hormone can te iuvestigsted.

Biological Activities of Vasopressin

’

Pressor activity

The increase in blood pressure produced By injection of
vasopressin is due'mainly'to the constriction of the arteri-
oles or proximel parts or the capilleries (80). Immediately
after the injection the heart beat cecomes slightly slower,
but the force of the teats of both the suricle end ventricle

are sugmented (109). Vesopressin seeme to affect the



musculature of the hesrt and blood vessels directly bveceuse
severing tne spinal cord‘does rot ebolish the pressor action.
For many yesrs vasopressin hes been considered unimpor-
tent physiclogicelly in thé control of cerdiovesculer func-
Tion, because 1t ues necessery to inject lerge phermecologic
doses to demonstrate & tlood pressure incresse. In the dog
200 mU. of VQSOpréssin had to e irjected to produce a satis-
'_factory pressor response elthougn the antidiurétic sction of
‘as little as 0.25 wl. could te detected (18G). Recently, by
measuring cvoth clood flow znd pressure in the femoral ertery,
Potter and Sutfin.(116) heve snown thet vezscpressin injected
intre-grterielly in doses of 0.1 tov5 mZ.'induced vesocon- |
striction without significent elevation of blood vressure.
Kitchin (€C) also ocserved a veosoconstriction efter in-
fusion of Pltiressin when he studied blood flow in the humen
nand end foreari.. An ircrease in cepillery resistance weé

t gl. (81) ir men after en intramuscular

noted by Kremfr
injection of 30 mU. of vesopressin elthough no entidiuretic
activity could be demonstreted. At a higher dose of 1 U.
coth effects were observed. IVBSOpreSSin eppeers to be veso-
actlve us well s&s éntidiuretic et low levels.

Pressor cctivity is usually aésayea by directly cennu-
leting the cerotid artery -and then measuring the rice in
olood pressure following the intrevenous injection of o

sémple. The assay animel frequently chosen is the 'anesthe-



tized rat. The method of Dekanski (22) utilizing the di-

benamine-blocked rat will be discussed in detail later.

Antidiuretic activity

The ahtidiuretic effect of this hormone is illustrated by
the decrease in urine volume which occurs after injectlon of
vasopressin into a hydrated animal. Vasopressin increases the
rate of water reabsorption in the kidney so that the osmotic
pressure of the urline 1s raised above that of the plasma.

The role of the antidiuretic hormone in urinary electro- -
lyte excretion hae been very difficult to assess. Thorn (157).
hes reviewed the conflicting 11terature and discussed possible
sources of variation in results.

The location of antidiuretic action in the nephron of
the kldney has been stﬁdied by two differenf approaches.
Direct information about the coﬁposition of the fluia in
various parts of the nephron has been ottained by micropunc-
ture of the tubules. Wirz (164) has peffected this tech;
nique. The indirect method 1s based on renal clearance
studies, which measure the retes zt which the kidney excretes
various substances relative to their concentration in the
plasma.

From the results of clearance experiments Smith (152)
has proposed a widely accepted theory that there must be

three separate sites and three different mechanisms of water



reabsorption in the mammelian kidney. In the proximal tubule
there is an active reabsorption of the solutes and, to main-
tain an 1soosmqtic state, a passgive rearsorption of the water.
Eighty to 90 per cent of the filtered water is reabsorbed
here. 1In tbe distai tubule there is a further active re-
absorption of sodium, and if antidiuretic hormone is present,
water also is reabsorbed. The maximum dose of vesopressin
will promote water reabsorption‘until the distal tubule fluid
is isotonic. Dilution of the urine will occur with lower
doses. At the thifd slte, water must be actively abstracted
to concentrate the isotonic tubule fluid above‘the osmotic
pressure of plasma. Smith believes that this process occurs
in the collecting ducts. : '

| Wirz hes suggested anotﬁer theory for concentration of
the urine. He has‘proposed thét there is & hair-pin counter-
current system in the loops of Henle. This countercurrent
concentrating mechanism 1s initizted by the antidiuretic
hormone when 1t obeﬁs the pores in the descending limb and
allows water to paés out of the tubule.

Although the exact location of antidiuretic action 1s

not clear, increasing membrane permeabllity appears to be
the primary function of tne hormone. .In 1960 Schwartz and hils
‘coworkers in an interesting serles of papers (43, 118, 146)
suggested a scheme for a mechanism of action of vasopressin

on membrane permeabllity at the molecular level. Their in-



vestigations of the interactions of tritiated vasopressin
with rat kidney or toad bladder indicate thet a covelent bond
is formed vetween the hornone and the meﬁbrane proteins. A
disulfide-thiol exchange resction results in a hormone-
receptdr disulfide wvond. This group proposed'thetlfoliowing
Tnils initial resction & serles of disulfide-sulfhydryl reec-
tions may alter the tertisry structure of the memurrne nro-
teirs to such an extent that wetef and certain solutes cen
riow easlly pass through. |

Evidence for tne disulfice bon& wes sucstentizted vy the
releese of 48-08 per cent of The bound vesopressin after
treatnent with cysteine, msrcaptoethylamine or tnioglycolate.
Com:lete inhicition of vesopressin action occurred &t algh
concentrationsvof the sulfnydryl reagents, K-ethyl-maleimice
or methylmercuric cromide. This is the first identificetion
of a physiologically significent chemicel bondlformed between
a hormone and s terget orgen. |

These workers also suggested that the very low activities
of acetylated and ilodirated vasopressins mey be due to specif-
ic stereochemical and electrostatic requirements between the
hormone and its receptor for the formstion of the disulfide
bond.

Tne substitution of lysine in porcine vasopressin for
arginine hes shown an interesting species difrerence in anti-

diuretic potency. In dogs ven Dyke et sl. (162) found that



1 U. of lysine vasopressin had ornly one-sixth the entidiuretic
activity of 1 U. of arginine vesopressin. Vhen lysine vaso-~
pressin was injected intc rrts, Sewyer (133) noted thet the
antidiuresis wss &s intense es with arginine vesopressin but
the duretion of the antidiuresis was less. In the pig, the
porcine hormore lysine vascpressin hed the same or perheps

‘ even -greater entidiurctic activity thag arginine vasopressin
(104).

Thorn (157) hes written 2 critical evaluation of the
procedures winich have been used o mezsure entidiuretic
activity. He concluded that.intrtvenous injection of ﬁhe
sa..ple into an anestnetized hydrested ret and meesurement df
the osmolality of The urine cs the index of entidiuretic
response geve the most reliaktle results.

Recently de Wied (30) devised 2on sutomatic feedcack
system thel meinteined tne ﬁydration of the rst 2t e ratél
identvical to the rste of urine excretion. With this pro-
cedure there was little Vfriation in teseline urine output
and urine flow could be used 28 the index of antidiuretic
activity. ven Dyke et 2l1. (160) preferred nesvily hydrated,

unanesthétized dogs.

Oxyfocic ectivity

The structure of oxytocin is identicel to thet of

arginine-vesopressin except that isoleucline and leucine have
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replaced phenylalanine and argininé respectively. With tnis
close chemicsl releatlonship it 1s not surprising thet Veso—.
pressin heass some oxytocic activity[

Fitzpatrick (42) has listed two effects of oxytocin on
the uterus. In the non—prégnant female 2t the time of mating
the uterine conﬁractions propel the seminel fluid toward the
rallopiern tubes. At parturition the contresctions nelp to
expel the tfoetus. In the mammary glend oxyﬁocin exerts a
milk ejecting effect by ceusing & contrection of the ﬁyo—
esitaelia of the alveoli (22).

There sre nany oxytocin essa? systeés, suchn as the 1iso-
lated ret uterus, chicken clood pressure, milk ejection pres-
sure in the recbit mammery gleard, the cat uterus irn situ and
others (10). The relative oxytocic sctivity of vesopressin
seews to dGepend on the essay procedure used. 7The following

tacle comperes the'values obttained with highly purified

arginine-vcsopressin and oxytocein.

Tacvle 1. Potencles of purified oxytocin end veéopressin (160)

Oxytocin Vesopressin

Assay ‘ ' - (U./mg.) (U./mg.)
Isolsted ret uterus ‘ 500 30
Avian depressor - 500 es5
kilk ejection in the recbit 500 100

Rat pressor : 7 600
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Corticotropin releasing activity

The existence of & hypothalemic neurochunorel medietor
that regulates adrenocorticotropin (ACTH) releese under con-
ditions of stress wes vostulated by de Groot =nd Harris (27,
28) and independerntly by Hume (88). Tane experimental evidence
from walcin de Groot 2ud Herris formulsted tnis theory was
That electricel stimulatlion of the hypothelemus of a recpit
geve & reductlion in the numcer of circulating lymphocytes
similer in mégnitude end tine rclaticn to thet following 2n
enotional stress stimulus or ei. injection of ACTH‘(27, 28) .
Hume (¢8) octeined si.iler results usirg unenestnetized dogs
end eosinopenia ©s ar index of relesse of ACTH from the
anterior pituitary. These in&estigstors end others (413, 97,
115) demonstreted thet:lesions in the hypothelezmus inhitited
stress-induced release of ACTH.

The posterior pitulisry hormones, vesopressin end oxy-
tocin, zre elatorsted by neurosecretory cellg in_the hypo-
thelemus (7, 145). By sultable steining techniques. (122)
the neurosecretory meterial containing the hormones cen te
traced from its origin in the supreoptic and pereventriculer
nuclel of tne hypothelamus down the axons of the hypothelemo-
hypophysial tracts to the posterior pituitery. Here the hor-
mones ere stored until released. Recent evidence indicetes
that there are direct vescuiar connections from the posterior

to the anterior lobe of tae piltultary (24).
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Lauber (84) demonstrated that there is a correlation
after bilatéral‘adrenalectomy in the ret vetween the releese
of the aﬁtidiuretic'hormone (ADH) end the loss of stain;ble
secfetory mezterial. ©She did this by comparing bioaésays of
plasma ADH levels with censitometric estimationé of the
neurosecretory meterial.

kirsky et al. (103) olso hove presented evidence thet
vesopressin 1s formed in the hypothalamus rcther than in the
posterior pitultery. They found tnet hypophysectomized,
af@renalectomized rats responded to ndxious stimull ty a marked
increase 1n plesme entidiuretic activity. Bec;use both ADH
reléfse from thne hypothalamus and ACTH reieese fromw thel
anterior pivtullery occurred in response to sdrenalectomy or
noxious stlmull, these workers proposed thet the entidiuretic
normone might serve as the hypothelemic neurohormone which
sctivated the anterior pituitery.

Hyﬁothalamic.lesions wnich destroyed the supreoptico-
nypophyseal tract clocked ACTH release, vut icCann end Brobeck
(S4) were able to induce ACTH discharge with lerge doses of .
Pitressin. Tne minimal effective dose of Fltressin was
approximstely 600 mU. in these rets, wihich were tested three
or wmore weeks aofter lesioning. ACTH sctivity wes meesured by
adrenegl ascorbic acid depletion. Later thann and Fruit (25)

discovered that rets which had been lesloned only 48 hours

prior to the assay were more sensitive to Pitressin. The
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minimum errective dose for the acute hypothalamic-lesioned
rsts was 100 mU. Lineer log dose r.sponse was demonstrsted
from 100 to 1000, mU. of pressor activity. OSynthetic lysine
vesvpressin evoked en almost identicel response in these ani-
mels. It is interesting to note that Piltressin, which is
usuelly & mixture of beel and pork vaesopressins, had only 83
per cent of the potency of synthétic lysine vesopressin ot
the- sae preésor dosage-

keDonald end his coworkers (99) tried intrevenous in-
rusions ofl?itressin arnd highly purified ergirine end lysine
vésopressius in men. Adrerocorticotropin release was messured
cy the increese 1 concentration of free 17-hydroxy-corti-
costeroids in the plasma. Two uniis of highly vurified lysine
vasopreséin geve en -increese nore than twice thet ocvserved
,fofvtwo univs of erginine vasopresSin; The response to
Pitressin was only sligntly lower then tnzt given by lyéine
;vésobressin; and the a2uthors concluded th#t a.l the ACTH-
relecsing sctivity of Pitressin could te accounted for ty 1ts
pressor content. Tovinveétigpte the vonslirility thet Pitres-
sin and the vasopressins isolsted from}natural sources might
contain contamihants heving ACTH-relessing eobility these
workers (1005 also compered Pitressin end synthetic lysine
vesvpressin. They ruled out the existence of en active con-

taminent after findlig no significent difference tetween the

17-hydroxy-corticosteroid levels given by 2 U. of éynthetic
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iysine vasopressin and £ U. of Pltressin.

Steroid—blocked rcts heve been used as sssay animals.
Sielik arnd de wied (151) sdmiristered prednisolone; Twenty-
four hours later the stercid-inhicited rrts shdwéd'no adrenel
ascoruic acid depletion with edreneline or serotonin. Only
Pliressin wes effecti&e. |

| Cesentini et al. (19) blbcked‘nonspécifid stimuli in the
ret wita 9—elpha—f1uofo-hydrucortisoné. Intrevenous injec-
tions of 300 mU. of Pltiressin and lyéine vasopressin geve
signiricant adfenal ascortic eci@ depletiop. With intre-
cerotid ;ﬁjections of Pitressin much smeller doses, & to &4
nU., were effective. Pitressin did rnot exert s direct effect
ori the edrenels nor contain ACTH, cecsuse 500 @U. produced no
rall in adrenal ascorbic acid in hynopnysectomized rets.

Ano ther intefesting experiment performed by this groﬁp
was with hypophysectomized rzts beering functionsl pitulitery
grarts in the anterior qhambers of their eyes. Acetylcholine,
histemine, serotonin, Pitocin end syﬁthetic oxytocin dic¢ not
release ACTﬁ wien injected directiy into the graft. Pltressin
dia et tae low level of 10 mU.

In 1955 an in vitro assay systew wes devised by Saffren
and Schally (130). Corticotropin-relcesing rectors were
detected by thelr sbility to release ACTH frou reot anterior
. pitultaries incuwceted in vitro. In this assay hypothelemic

tissue alone was ilnactive but the combinstion of hypothalamic
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tissue wita afterenol or epinephrine increased ACTH relesse
threefold. Postérior vituitery tissug plus erterenol wes even
moré active and increased ACTH releesse six to eight times.

‘Guillemin and Heafn (52) elso independentily developed
at. ir vitro essey. Pltressin rel.ssed ACTY in their system
waen cultured with anterior pituitrries for four deys, otut
- puritied V?SOpressin-did r.0ot. These r.sults lea the investi-
gaiors 1o éuggest tnet the ACTH-releassing rctivity of Pitres-
sin wignt ce due to an ective contemlre:t of tals conmercisl
msterial rether then the vssopressin. |

Saffren and nis 5roup'(13i) 2lso reached The Seime Con-
clusidn efter tney hed.sepérxted 2 cortlicotropin-relcrsing
faétor (CAF) frow Fitressin oy paper chroiato; rephy in two
systews, cutanol:acetié scild:water (4:1:5) and weter-satureted
chei.ol. |

Guitlemin end his coworkers (553) prepered & more ective
ACTH-releasing iraction (Fractivn D) by peper caromatography
in ecetone:dletnylene glycol:U.5x agueous urz2 (2:1:3)." In
this system Fraction D ran close to the front with & meen RJf

)

tu

velue of 0.9. The pressor-conteining frection (Frasction
wes found et a mean Rf of 0O.4. Only these two fractioné
snowed ACTH—reléasing erility with Frecetion D almost twice
as ective &s tne pressor fraction.

Fraction D orteined from posterior pitultery tissue wes

active 1n the Saffren end Schally in vitro assey at 100 wg.
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It hed a low pressor activity (4 to 50 mU./mg.) end some
melanocyte stimulating hormone (MSH) erctivity. Hypothelemic
Fraction D hsd 3G to 100 times grester CRF aétivity, no vaso-
pressin effect and more KSH activity.v

Electrophoresis of. the posteribr pituitary Frection D in
acetic acid concentrated the sctivity in a D-delte fraction
which stimulated ACTH release at G.5 to 2.5 Mg. in the in
lgggé‘assay. The D-delté frection upon hydrolysis showed 17
amino'acids~end therefore was believed to te & mixture Qf peo-
tides. o | |

Schally et g;. (144) obteined é highly 2ctive CRF by
using a series of four chrdmatographic systemsl tutenol:
acetic acid:waterf(ézl:S), weter-saturated m-cresol, acetone:
water (3:2), and propenol:water (4:1). This CRF‘frection was
active in relessing ACTH a2t doses es low es 1 mpug. - Hydrolysis
of this fraction consistently showed the amino eacids of lysine
vesopressin plus mejor amounts of serine and histidine and
smeller veriatle propqrtidns of alenine end arginine.

Schaliy (132, 143) also tested vrrious vesopressin
preperations in the in vitro assay. Lysine vesopressin
purified to 200 U./mg. showed a 40 per cent increase in ACTH
release at a level of 0.5/4g., tut this result wes not |
,statiétically significent. Synthetic lysine-vesopressin with
an activity of 300 U./mg. was sctive at 2 dose of 0.067 ug.

cut not active at 0.5/4g. or o.ooz)1g. However, only one
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assay at the high level was reported.

Commercial Pitressin was zctive in the slightly modified
iu vitro system of Swingle et gl. (156). An ACTH-releasing
fraction was sepercted from the pressor fracticn by counter-
current distrivution or by destruction of the pressor 3ctivity
'b  hydrolysis. Leter ir an addendum té their reprints tnis
group.admitted thet their in vitro assey gavé non-specific and
~ irreproducitle results (55).

 In 195¢ Lichols end Guillewin (i08) published the results:
of & study of the effects of endogenous end gxogenous vaso—l
pressin on ACTH releaée'in unanesthetized ddgs- They foﬁnd
nb cdrrelation_between antidiurééis zrnd ACTH release meesured
cy increase in theul?—hydroxy-éorticosteroids- ﬁhen lysire
vesopressin was injécted into the csrotid értery the dose |
required to stimulate ACTH.éecretion wes 3000 to 7000 times
the emount of vasopressin ne€ded to produce maximal snti-
diuresis. These workers felt thet vesopressin cculd not be
the wediator of coth résponsés.unless theré was 2 lerge
gensitivity difference tetween the two resctions.

ncDoneld and his group (98) found:e veristion in the
responses of normal humen subjects to stresses of fluid
deprivation, hypertoric saline, niéotine, hend immersion in
ice'water and insulln-induced glycemia. Endogénous ADH re-
leese without an increase in ACTH, or.a rise in ACTH without

a detectakble release of vasopressin, occurred in these sub-
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jects even under tne seme stress. Thése authors corncluded
that there was no correlation in the rélease of the two
hormones. | |

de Wied (32) noted thst ACTH release in response %o
heurogenic stress such 2s strange en&ironment, sound, and
pain,'required vasopressin. Compared with controls, rets
wnicn had teen neurohypophysectomized hed low levels of
plesme free corticosterone after neurogenlic stress but treat-
uent with Pitressin tennete restored pituitary réséonse.
HoWever, wnen tne neurohypbphysectomized raﬁslwere e?poséd
to s&stemic stress such as hemorrhege, histaminre injection,
or nicotine injection, the ACTZ-response wes similar to that
of The shem-opcrated controls. This 1s an interesting differ-
ernce 1ln response to twc types of stress.

In 1958 Guillemin et al. (54) introduced sn in vivo CRF
assey utilizing rets blecked with némbutal plus morphine.
The releese of ACTH was determined by meesuring the concen-
tration of free corticosterone in the piasma by the fluoro-
netric method of Silber et 2l. (149) as modified by Guillemin
et al. (49). 1In these phermacologicelly blocked rats s lineer
log dose rélationship wes observed befween ACTH release end
Fraction D in the range of 10 to 1000 mg. Alwost identicel
results were ovtained when Frzction D was injected into rats
with lesions of ‘the medlen eminence of the hypothalamus.

When highly purified iysine vesopressin (287 U./mg.) was



18

tested in the ii vivo assay, Guillemin et gi. (51) concluded
that there was a threshold for ACTY releese at 20-100 mU. of
pressor activity. At 80 mU. of pressor activity there was a
lerge ACTH reléase (150% increase in plasma corticoids over
controls) snd from this point ACTH release increased linesrly
witih the log dose of vasopressin. Below 80 mU. no stetis-
"tically significant discharge occurred. To eliminete this
ACTH-releesing sctivity of nlgnh pressor doseges, 1t wes sug-
gesfed that 21l samples should te diluted to.30 mU. of pressor
ectivity cefore belng sssesyed for CRF.

work on purificetion of CRF continuéd.. In 1959 for
larger scale preperation Schally and Guillemin (141) concen-
trated CRF by chrbmatography on cerboxymethylcellulose (CHC) .
Coluan fractioné were assayed'at 30 pressor @illiunits in
nembutal-morphine-tlocked rets. The pressor and CRF activ-
ities head very similér zobilities on the CHC column, tut fhe
maximum CRF ectivity was found in the ésrly tues of the
vasopressin pesk.

The chromatographic behavior on CMC and IRC-50 cation
exchange resin of highly purified erginine and lysine veso-
pressins, o(-kSH and ACTH were studied by Schally and
Guillemin (14%), in order that their locetions would be known
when crude pitultery extracts were chromatograsphed. CRF
activity sppeared to follow oxytocin and precede lysine vaso-

pressin, «-MSH, arginine vasopressin and ACTH on CMC columns,
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cut lysine vesopressin, o-k3H arnd CRF moved veryvclose to-
gether. On IRC-50 oxytocin end lysine vesopressin moved
chead of thé CRF, but o-ikSH, arginine vesopressin and ACTH
came off the coluin neer the peék of ACTH-releessing activity.

Porter and Rumsfeld (113, 114, 1292) obtasined blood from
the hypotnalemico-hypophyseel portal vessels of dogs in order
to test for the presence of the neurohumorel ~gent in the blood
draininé tne hypothalemus. After low-temperature alcohol
fractiqﬁation of the blood plasme proteins ty the method of
Cohn et al. (2l) the ACTH-releasing rctivity wss fourd only
“in fraction III5. The injection of e fraction IIIy prepsred
from cerotid artery tlood did not cause reduction in thé'
adrenel ascorbic ecid of the hydrdcortisone-inhibited ret.
Tne CRF acﬁivity of portel vessel plasma frection IIIp was
labile to trypsin end pezsin. It als; was destroyed by re-
fluxing 1 hour in 0.1 N‘sodium hydroxide ocut not ty £ hours
of refluxing in 0.1 N hydrochloric acid. Dielysis detes indi-
cated that tne active factor was eggcocleted with a large
carrier protein. |

An ACTH-releasing frection also was prepared by Rumsfeld
end Porter (128) from an acetone extract of beef hypothelami.
After chrometogrepny on Dowex 50x2 resin with voletile formete
tuffers, the active materisl was fractionated by counter-
cﬁrrent distribution (CCD) in sec-butanol and 0.05 per cent

acetic acid. Paper chromatography in butenol:iacetic acid:
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water (4:1:5) of thé rast and slow-moving CCD components geve
single spoté with Rf's of 0.84 and 0.41 respectively. Argi-
nine and lysine vescopressins are usually found at 0.1& end
0.11 in tnis system.

Additional evidence for a CRF distirct from VFSOPPGSSiDi
and ACTH was found oy Royce and Sayers (125). Acetic eacid
extrects of czlf hypothslemus geve adrensl sscorcic acic de-
pletion in median eminence lesioned rects even afterAabsorp—
tion of 85-20 per cent of the pressor activity or oxycellu—
lose. Tnis CRF wes pepsin-leavile, whereas the pressor activ-
ity and the activity of added ACTH were unaffected by pepsin.

| tcCann and Haberlend (98) corroboreted these résults by
octaining acid extracts of veef or ret sfalk—ﬁedian eminence
eree 1in wnich vesopressin accounted for only 10 to 20 per cent,
of the ACTH-relessing activity of tne frection. However, in
contrast to the oxycellulose purification of the CRF bty Royce
end Sayers, kcCarsn and Haberland found thet the oxycellulose
adsorved almost all df-the ACTH-relessing meteriel.  In acetic
acid extracts of posterior pituitaries vecsopressin alone
accounted for all the EortlcoIrOpin—rele?sing ectivity.

Further'pufification of the hypothslamic ACTH-feleasing
material wes zcnieved in 1960 by Royce and Scyers (127) cy
chromatography on CHC columns. Discontinuous gredient elution
with G.05, 0.1, 0.z and 0.4 I ammonium acetate buffers geve

two active frections. These CRF fractions emerged with the



0.01 v end 0.1 k eluents, whereezs the 0.2 I buffer coitsined
most of the pressor asctivity, end ACTH wes found in the 0.4
4 eluate. These results suggested thet there might te two
chemically distinct CRFs.

In kercih of 1960 Guillemin et al. (57) renorted thet in
three different CCD systems CRF activity corres.onded to the
«-lSH peax. de Garilhe end his coworkers (2&) also olLtained
s CR¥ fraction that appesred to ce closely relsted to o -MSH.
All tae awmino acids of & -1iSH were present ir this fraction
plus threonine end leucire. The CRF moteriel end o-kSH did
ot esppear to ce icenticel tecesuse of tne two edditionel emirno

inl

acius, Tne low OH sctivity of the CAF frecticn end the pre-
viously ocserved low ACTH-relessirg zctivity of highly purified
ol-1:3H 20d synthetic formyl .ok -iiSH. |

In June of 1880 Guillemin end nis group (88) proposed
Thet there was evidence for two chemiceally distinet CEZFs in
porcine pésterior piltuitery. Ore was closely relsted to
X-15:] and was named -CRF, wnile the otner, E-CRF, ﬁeé
assocleted with vasopressin. They hed separzted ~CRF from
«~-MSH by e CHC column end paper chromestogreshy in butenocl:
acetic acid:water (4:1:5) end m-cresol:vweater (95:5). The
«~CRF oontained all tne amino acids of «~KSH plus thre-
onine, leucine and elenine. It was active at reletively high
dosages, &-3_ug. 1n tne in vivo CRF assay erd 0.5 ug ;glzlggg.

Its NSH activity wes 0.1 to 0.3 x 10’ U./mg. and inherent ACTH
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activity 0.1 U./mg. The pressor activity of o« -CRF was very
low, 0.1-0.2 U./ng.

The (3 -CRF was detected on the descendirg edge of the
vasopressin peak after CCD in n-buternol:0.3 kK p-toluene-
sulphonic escid (140). 1In this'system the vasopressin peek
wes well separated from the ol -l8H end A -CREF eres. A pér-
- tiel seperation of @-CRF frow vesopressin wes obtainéd ty
the saiie series of paber'chromatographic systems originelly
developed by Schally et al. (144). @-C3F was much nore

sctive at 0.05 ug. in vitro sand O.1/Mg. in vivg then A-CRF.

Guillemin end his covorkers (140) proposed thet -CEF may
te only & ﬁrecursor in the tiosynthesis of ACTH and that
@B -CRF is tne true chemicel médiator of ACTH release.

The discovery of o(-C3F hes helped to explain.the:ACTH—
relessing ectivity of uost of the fractions which were care-
fully cherecterized es difrerent from vasopressin. Lezzari
(86) has re-evaluated the published dste on corticotropih-
releesing factors and was =ble to classsify almost 211 as
either o(-CRF or 63—CRF. The question still rémains, howevér,
wnether (3-CRF 1s 2 separate entity or e manifestation of the
inherent ACTH-releesing ability of vasoppessin. This protlem
will only cve resolved by either isolation of a chemicsally
gistinct @B-CAF or proof that vzsopressin itself is the niost
active corticotropin-releasing fector.

Sideman and Sobel_(148) have concluded thst lysine veso-
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pressin is the CRF of the guilnea pig. By electrophoresis in
acetate buffer a Ifraction was isolated from Pitressin that
was active 1in releasing corticolds and contained only the
eight amino acids of vasopressin.

Kwaan and Bartelstone (82) injected a very small dose,
2 mU., of afginine iasopressin directly into the third vern-
tricle of the obrain of a dog and found a significent rise in
the adrenal corticoids. Intraventricular 1njectioné of 2 mU.
of oxytocin or intravenous injectibns of 20 mU; of arginine
vasopressin did not increase the l7-hydroxy-corticosteroid
levels. These results 1llustrate that smaller doses of vaso-
pressin mey be effective if they can reach the pituitary
directly via the portal vessels.

A direct vasépressin stimulation of the isolated adrenal
gland was shown by Hilton et al. (63). With direct arterial
. perfusion minimal activity was detected with doses 28 low as
7 mU. of afglnine vesopressin. Royce and Sayers (125) also
noted an extrapituitary action of vasopressin after intre-
venous injection of large doses (2.5-5.0 U., into hypophysec-
tomized or decapitated rats. Other 1nvest1getofs (48, 98,
14é) were unable to demonstrate a direct effect on the adren-
als by intravenous injections.

| One of the greatest problems in assessing corticotropin

activity has been the development of a senslitive and reliable

assay. According to McCann (93, p. 673):
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- + + the 1deal assey animel to test for possitcle
neurohumoral activetors of ACTY release would Te
one in winich the ubiquitous pitultery-edrenal
response to stress wes completely blocked while
leavirng unimpeired tae sensitivity of the pltui-
tary end adrensl to tne neurohumor and ACTH,
respectively.

Sayers ggfgl. (137) in their 1958 review steted thet rone of
_the current CRF Dbloassays cowpletely met 211 of these recuire-
ments.

Saffren et 21. (131) developed tae 1ii vitfo pituitery
assay to aveld sowe c¢I the compléxities ol in vivo assajs.
Howevef, three groups (8, 44, 1:4) éuggested thet the essay
was 1ot specific but thet the increase in ACTH wes due to
inhicition of the degredation of ACTH or to leeskesge from the
pituitery cells ratner taen secretion of the hormorie.
Guillenin and‘Schally (58) re-evalucted the techﬁique end con-
cluded there wes no dcstruction of ACTH irn the system under
the conditions used and,'therefore, there could te no inhibi-
tion. In tneir hends thé in vitro essay was specific for
corticotropin~-releessing factors, uvecause there wes & correla-
tion in the datz obteired with the in vitro and in vivo assays.
The severe limitatlion o1 this method is that 1t does nof show
‘a linear log dose response with increasing doses of CRF.
Consequently, it remeins a qualitative rather thar 2 quantite-
tive test. | |

Rats with hypothelemlc -lesions heve Tteen used a2s assay

enimaels (54, 94, 1<6), but there has been so much disagreement
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over the sensitivity of these enimals thet 1t 1is difficult'to
iuterpret the essay deta. Royce and Sayers (1£6) otserved .
thet wedlen emlnence lesioned rats gesve the seme resﬁonse To
ACTd as did w4-hour hypophysectomized rets. LicCenn and Heber-
land (96) stated thet rats with lesions were three times less
sensitive to ACTH than hypophysectomized rats. Derr end
Guillemin (25) found lowéred adrenal resporse to ACTH but e
coipensatory incresse 1in pituitery sensitivity.

The presence of diacvetes insipidus wes ot considered
‘os en adequate guide to eﬁimsls with ﬁeffective“ hy¥pothelemic
lesions by Guillemin and his group (51). Eighteeﬁ vo 1€ hours
after leslonirng they stressed tne rets with ether. Only those
ani.els wita low i;lesma corticosteroid levels were éelected.
Ko correlation was ouserved tetween the inhibition of stress-
ii.duced ACTH release end disbetes 1néipidus.
, de Wied (31) used a slightly different method to judge
tne efrectiveness of hypothelemic lesions in rets. Corticoid
production oy the left sdrenesl in vitro sfter ether anesthesie
wes the index of the effectiveness of the lesion. Immediately
after the removel of the left adrenel, the essay sample was
injected. Fifteen minuﬁes later the rignt edrenzl wes re-
moved.. Steroidogenesis vy the right sdrenal in vitro
mezsured the CAF activity of the sample. The log dose re-

sponse curve obtained wazs linear vetween &5 and 180 mU. of

Pitressin. Purified lysine vesopressin gave similar results
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in this assay.
| Hydrocortisone and morpnine ere used as blobking egents
in CRF assay énimels wita the essumption thet these agenté
ect on tae hypothelamus to inhitit the relecese of the neuro-
normone 1in response to nonspécific stimuli. Tne exact site
or wode of action_of these cgents 1s not Known.

lhorchine docs not interfere witi the response of the
aérensl to ACTH (18) but in steroid-blocked rats the adrenal
sensitivity is less than thet of ayjophysectomized rets (19).
worpnine plus nemcutal anegthesie is elso relatiyeiy more
effective Tne:rn corticostercids in the inhitition of resction
to intense stimull such &s laperotomy end unilrﬁerel sdrene-
lectomy (107). Perhaps the greatest adventege of the
nembutal—morphine—blocked r=t 1s taet tanere is no destruc-
tion of the vascular and nervous tissue #s there is in elec-
trolytic lesioning.

Leemar et gl. (&87) and Munson (106) have suggested that.
CRF assays nust be perfofmed in btoth morphine-nembutél-blgcked
animels and in anlmels anesthetized with nembutal alone. They
have proposed that the true CRF will give the‘same response
in both, cut a non-épecific stress would te inhibited in the
morphine-tlocked snimal. A crude hypothalamic extract pre-
pared by tals group (88) gsve essentially the same effect in
both assays whlle the response to 80 mU. of Pitressin was

reduced in the morphine-vlocked animels. However, the crude
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extract contained some ACTH end vascpressin and perneps MSH
end ™-CF since no messurements of M8 sctivity were made
on the extract. Further purificetion or- this crude hypo-
tnelamic material must Dbe carfiéd out to reveesl the nsature
of-1ts CRF activity:

For meny yesrs ACTH release hes been assessed oy the
Seyers and Sayers (155) adrenal ascortic acid depletion
metnod. In 1968 Slusher (150) noted that lesiors in the
posterior and midcentral portions of the hypothalamus specif-
icelly inhicited corticosterone relesse without sltering the,
aséorbic'acid cépletion response to stress. Lesioné_in‘the
ceasal tuberel cree inhibited‘é&reﬁél aScorbic 2cid depletion
‘tut had no effectvon sterold release.

”hen Guillemin et al. (51) meassured toth sdrenal ascorbic
acid depletion énd p;asma corticosteroid levels in the sezme
eniiels, verietions in corticoid levels were ifournd with no
cnange in the adrenal escorbic acic concentration. The
fluorometric determination of corticosterone in rets appeers
to be a wore direct and sensitive messurement of adrenal

response to ACTH relesse.

Other activities of vesopressin

-

In 1955 Ingle and Li (89) observed enother interesting
property of vesopressin. This wes its abllity to enhance

work performance in adrenslectomized, hypophysectomized rats.
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Sreter and Ffiedman (154) suggest this effect is due to a
direct action by vasopressin on cationic exchanges across
muscle membranes.

Vasopréssin and oxytocin stimulete the oxidation'of glu-
cose in memmary éland slices (47). Vesopressin hes one-sixth
the activity of oxytocin, a fatio similar to the ratio of o
their milk-ejection aqtivities. A glycogenolytic effectlof

vasopressin in the canine liver has.also been observed (11).
Biological Activities after Inactivation of Vasopressin

Inactivation studies of 2 hormone are of great interest
_ because they may offer somé clues as to 1ts mode of action.
'These'studies.are also ‘practical because of isolation and

a storage probleims. ‘

Adamsonslggwglu (5) studied the spontaneoﬁs decomposition
at room temperature of synthetic and,natufal neurohypophysial
hormones 1n.aqueous buffers over a pH range of 3.0-8.5. Par~
tially purified synthetic lysine vasopressin (38 U./mg.)
snowed maximel stability at pH 3 and 5 with 87 to 90 per cent
of 1its activity‘still remaining at the end of 28 days.
Arginine vasopressin also was most stéble at the same acidic
pHs. A highly purified arginine vasopressin (400 U./mg.)
decomposed faster than a crude sample (175 U./mg.). There
was a.parallel loss of both antidiuretic and pressor actlv-

itles during the destruction of the vasopressins.
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The enzymes pepsin end pencreatic'd°rboxypeptidese do not
~sifect vyéopfessin (158). Trypsil. clesves tetween the car-
'COxyl group of arginine or'lysine end the 2djoining emino
group of glycine. Trypsin nes veen uscd 1o destroy the pres-
sor activity of a crude semple without harming the oxytocin
(109).

Hooper (85) hes prepered = soluble V?sopressihase, NroG-
'ably'a peptiderse, from huwman plecenta. Slices of memmelian
Kicney heve elso ceen siowh To inactiyrte vrosopressin (153).
Tais system way conﬁain several enzymic ectivities Girected
- towerd either the disulfide or ewnlde conds.

Chemicel reduction of the disulfide éond of vesopressin
lezus to loss of pressor end aﬁtidiuretic activity. Ames gg
al. (é) incutated Fltressin in a C.0L & sclution of.thio—
glycolete at pH 7.5. After .5 hours at room tempereture
culy pér cent remeined of the original entidiuretic active
ity of 100 zU./ml. Sbhelly (139) uéed the seme corditions
to study CafF ectivity and found thet 2:. pressor activity of
a crude pituitary extract wes destroyed tut the results on
CRF were inconclusive. "Vhen the thioglycolate concentration
was increased to 0.05 k and the tiwme of the resction to. 24
hours, both ectivities were ako lished.

Oxidative cleavege of the diéulfide bond with performic

acid.also destroyed the pressor (111) ard CRF zctivities

(139) .
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Sideman and Sotel (148) used inactivetion studiés to
support their contention that lysine vesopressin is the cor-
ticotropin-releasing fector in the guines »ig. After mild
acidland alkaline hydfolysis, iodination and incucetion with
plecental extract bofh the CR¥ and presscr activities of
Fitressin were reduced tc the same extent.

I e foofnote To his peper on the Girect adrenzl action
df vasopressin 4ilton et al. (63) strted that the ACTH—like
véctivity Of.VFSUpPGSSin wes lost efter x hours 2t room |
terperzture in ' saline solution although therc was rno loss

of pressor‘activity under thnese conditions.
Blologicel Activities of Vasopressin Arelogues

The reletion of'chem1Ca1vstructure to hormonal asctivity
also hes been studied by measns of znalogues. Trne two veso-
pressins, =rginine vesopressin esnd lysine veasopressin, heave
been found in the neurohypophyses of uany memmels. Argirine
vesopressin, originelly isolsted from veef, hes =lso been
identified as the pressor hormone of man (91), horse (%),
sheep (3), cat, dog, ret, rebbit, cemel, monkey (1€1), opossum
end spiny anteater (135). Lysine vesopressin, the porcine
hormone, has teen found in only one other animel, the hippo-
potemus (61).

~Two other naturelly occurring enclogues of vescpressin

are known. Oxytocin, the other posterior -ituitery hormone
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A . .. 3 .8
of memmals, could ce called isoleucine -leucine -vesopressin.
In order to designete various anslogues of lysine vesopressin

the following numoering system has teen used.

S—-

CJQ_Tyr-Phe-Glu(NHE)_Asp(NHZ)-c§s-Pro-Lys-Gly(NHZ)

1 2 3 4 5 6 7 8 ¢
Recently vasotocin, IleuS—Arge—vesopressin hes veen identified
fron tahe pitﬁiteries of chickens (EO,.105), fish (62, 117,
136), frogs (4), alligetors (135), turtles =nd lamphreys
(154). |

This new hormone, containing the ring of oxyfocin and
the side.chgin of arginine vssopressin, wes synthesizéd in
196€ oty Ketsoyannis and du Vigneaud (78) tefcre it wes dis-
covered es g natural nroduct. The preserce of ?rgininé in
the slde cnaln increases the pressor sctivity ebove thet of
oxytocin, while the oxytocln ring strUcﬁure gives ‘higher
gviean depressor response then thet of the vrsopressins.

The cnemicsl synthesis of esrginine vr-sopressin and lysine
vasopressin opened the way ror fhe synthesis cf rheny anaiogues
of the natural hormones. These analogues afford an excellent‘
opportunity to study the reiationship vetween structure and
bilological activities.

Table £ lists the biologicel activities of lysine veso-
pressin end closely relzted synthetic polypeptides. IleuB—
vasopressin is the lysine anelogue of vesotocin. Arginine

vasotocin and lysine vasotocin heve very si:iler blological
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Tecle - 2. Lysiné vasopressin analogues
Ret Avian  Ret uterine

pressor depressor contracting
Analogue U./Lig. U./ig. - U./ug. References
Lys-vasop. 280 . 30 4 (34)
ArgS-vasop.- 400 85 30 (37, 76)
IleuS—ArgS-
vasop. , 125 150 75 (78)
(Vaso;ocin)
TleuS-vssop. 130 180 - (17, %)
(Lys-vesotocin)
Leu®-vesop. 3 45 20 (10, 16, 76)
(Oxypressin)
HisS-vasop. 1.5 4.6 1.5 (77)
Phe“-vesop. - 55 0.5 <0.1 (15, 101)

sctivities with lysine v-sotocin showing slightly higher
vezlues. Lepg—vesopressin in contradistinction to vrsotcein
contains tne ring vortion of veasopressin linked to tae tri-
peptide emide side chain ot oxytocin. It is coumonly celled
oxypressin. Substitutibn of leucine for the besic amino ecids
lysine or arginineldecreased the pressor zctivity greétly. In
Hisa-vasopressin 8 weakly vesic emino acid wes substituted

for the strongly besic acids. The pressor ectivity of this
polypeptide was very low. One of the requirements for high
pressor activity appezrs to be a strongly basic amlno acid

in the side chain.
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Another functionel group in the lysine vréopressin mole-
cule is the hyéroxyl group of tyrosine.l Tne replecement of
the Qhenol group oy & paenyl to ¢lve Phez-vasopressin dinin-
ished the pressor activity but did not =2bolish it. The
hydroxyl group is thus not essential. The replecement of
Iphenylalanine in the third position by tyrosine, however, gave
very low pressor cctivity. Tyrs-vasopressin hed 1.8 U./mg.
of pfessor activify énd Phez—Tyrs—V9sopre§éin had'Only 0.14
U./ug. (15). |

du Vigneaud and his group (32) heve octained further
evlidence that vasiciiy may be very importent for high pressor
functioi.. \Wnen tne free amino group on the cystine residue
wes eliuinsated, the desauino-lysine vesopressin h?d only helf
the activity of the netural normone. B-mercaptopropionic
acid was used in the place of cysteine to prepere this‘ane4
logué.

The addition of e metayl group to the nitrogen of the
C-termiral peptide btond cesused ‘2 nerked loss of biologicel
ectivity. This sarcosineg-lysine vesopressin hed only 0.495
U./wg. of pressor‘activity and no ectivity in the avian
depressor end ret uterine contrecting assays (lOB)l The sub-
stitution of a methyl for a hydrogeq on the imino group of
the terminal peptide bond of the side chein may interfere
with hydrogen conding.

The oxytocin anszlogues with ncn-cesic leucine in the
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side chiain generally heve very low pressor acfivity. The
syntnetic cowpounds have usually been compered in only three
assays, the ret pressor éssay and the two reconmended for
oxytocic sctivity, avian'depressor ard rat uterine contract-

(10) heve suggested tnet all enalogues

ing. Berd§ et =1.

should te te

wm

ted in a.battéry of esssays. The verying retios
of activities obtained with oxytocin enclogues in five dif;
fer.nt . assays can te seen in Tecle 3. The substitution of
veline or leucine for the trhiréd amino ccié@ of oxytocin de-
creesed tne avian depressor ard the ret uterine contracting
activities ziuch more ther the milk ejecfion votency, whereas
Ileug;oﬁytocin showed much hicher activity in the evian
depressor zssay thsh in eny other test. A vafiety of tio-~
logical assays are needed to cherecterize structural ene-
logues end elso mey be helpful in developing synthetic corm-
pounds witn highly desireole biological'properties.
Desamino-oxytocin (32) is en example of & synthetic poly-
peptide with selective biologicel esction. It had e higher
evian depressor sctivity (578 U./ng.) than oxytocin tut only
 one-third of its low preésor sctivity. This ernelopue egein
illustretes thet amlno groups ere not necessery for oxytocic
activity. A desamino-desoxy-oxytocin in wnich phenylalanine
nad repléced tyrosine was reletively low in evian depressor
activity (i4O U./mg.). The presence of the phefiolic group in

o:ytocin enhances its activity. Tne synthesis of (O-methyl-



Table 3. Oxytocin analogues

Ret ' Ret ' ¥1lk
Rat anti- Avien uterine ejection,
pressor dluretic depresscr contrscting raboit
Analogue U./ng. U./mg U./nog. U./ug. U./wg. References
Oxytocin 5.0 5.0 450 450 " 450 (72)
IleuP-oxytocin 6.0 1.1 498 as 528 (72)
ValB—oxytocin . 2.0 0.8 280 200 310 (72) .
. (3]
Vals—oxytocin 0.2 0.8 - 57 50 =07 - (10, 18, 72) . on
.Leu5—oxytocin ~5.0 . ~5.0 4s 45 ‘ 101 (10, 15, 7¢)
Phef-oxytocin  ~1.0  ~ 1.3 - 83 31 141 o, 14, 71)

[@)

Glu“-oxytocin 0.0 0.0 <1 < 0.1 ~ 1 (1c, 16)
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o

Vr)¢-oxytocin (87) resulted

[y

Tyr)g—oxytOéin (85) end (K-methyl-T
in compounds with less tnen 1 per cent oxytocic sctivity.

du Vignesud end his group (55) heve prepered glycyl-
oxytocin. This compound witn glycine etteched to the amino
group of the cysiine gove sueh unususl sssay responses that
rno estimates of its potencles could ce mede. The responses
were very slow end prolonged es compered with the naturel
normones. |

Ressler (11°) discovered that the cyclic disulfide ring
alone‘of oxytocin has low but significrnt ret uterine con-
tracting'(s.s Uo/uge) énd mili'ejecting (1.1 U./mg.) ectiv-
iiies- Chenges in the size of the ring wroduce 1lnsctive con-
pounds. If tyrosine is eliminsted from the.ring, the result—‘
ing heptepeptide amide disulfide is inective. The enlarge-
ment of tzne ring oy on additioﬁal tyrosine (5¢) results in a
ronapeptide with negligitle oxytocict ectivity. Beyerman and
Bontekoe (1lg, 13) heve prepered & tyrosinelhomolbgue of vaso-
pressin but dic not report biologicel activitles in their
pepers.

The disulfide ring wes expanded by one end two methylene
units in isoaspersgine-oxytocin (©2) and isoglutemine—oxytocin
(120). Both of these analogues were insctive. Isoglutemine-
oxyvocin even inhipited the pressor sctivity of argirine
vasopressin (1lzl).

Guttman and Boissonnas (58) heve prepered ten enelogues
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Table 4. Analogues of oxytocin and vasopressin

Serz- oxytocin Ser2~Ileu5—vasopréssin
Serz-Hiss-Othocin SerZ-HisS— vasopressin
Hisz—Phes-oxytocin His2-Ser®- vasopressin

Try5;oxytocin ‘ Hisz~ vasopressin

Sers- vasopressin

Trya- vasopressin

of oxytocin and lysine vasopressin conteining serine, histi-
dine or tryptophan in the sécond or third position. The
oxytocic and vasopressic activities of all these analogues
were lower than 1/1000 to 1/10000 of the corfesponding
activities of the parent hormones.

Although many synthetic peptices related to of-MSH have
béen tested and found to have corticotropin-releesing actiﬁ-.
ity (26, 74, 75, 90), only a few analogues df vasopressin
have been tried in CRF assays. Rinne et al. (123) found that
oxytocin did not deplete ascorbic acid in the cortisone-
blocked rat. Nelther Arg8-0xytodin hor LeuB—vasopressin pro-
duced any signiflcant increase in adrenal corticosteroid out- -
put when injected directly into the third ventricle of the

dog by Kwaan and Bartelstone (82) at levels of 5 -
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MATERIALS AND METHODS
lLaterials

Princeton hog posterior pituitery powder

Princeton Lztoratories Inc. of Princeton, liew Jersey
(courtesy of Dr. Williem Kleincerg) generously donzted sev-
eral kilogreams of hog posterior pituitery lobe powder. This
powder nad opeen prepered by acetone desiccetion, homogeniza-
tion and lyophilizetion of the posterior pituitaries end hed
an oxytocin and pressor ectivity of speroximstely 1500 U./g.
Thié powder ﬁes the starting wrierial for uost of ‘thé isola-

tion work.

Continucus electirophoresis startine meteriel

The Princeton posterior pituitery powder ves extrascted
écCording to the procedure devéioped by Kemm et 21. (73).
This extract, usually designeted 2s Kemu rroduct, had 4-5
U./mg. of pressor activity.

A lerge scale countercurrent distribution of Kamm
broduét wes cerrizd out in n-putenol:ecetic scid:weter
(4:1:5). After 14 transfers wost of the weight and pressor
activity remeined in the first four tubes. haterial from
the leeding edge of the pressor pezk (Tutes 2 and 3) was sub-
mitted to continuous electrophoresis. The Kemm extrezctions

and tne CCD were performed by Eugene Lezzari end his essist-



ant; details sre given in his Fh. D. thesis (86).

Syntnetic lysine vasopressin

du Vigneaud lysine stopféssig Synthetic lysine veso-
pressin ﬁas kindly provided by Dr. V. du Vigneeud, Depertment
of Biochemistry, Cornell University Ledicel Collepe, lew York,
L. Y. The semple (JM V 88/16) was reported to contein 250
Internetionel Units per.mg. In our lecoratory two asseys of
this saugle gave <88 U./mg. (QUﬂ_fiduciél limits 2:8-221) erd
267 U./mg. (95,v fiducisl linits £56-279). The mesn of these
two assays, 252 U./mg., was tasen es the pressor activity of
the sample.

Sandoz vesopressin Synthetic lysine vasopressin

(Batcn Ko. 087 Ul) #lso wes generously doncted by Sandoz
Phermaceuticels Co., Hanover, . J. (courtesy of Dr. 4.
Schwerz). Tais mrteriel wes received in solution. Each
gealed viel held 1 cc. of seline coiteining 10,000 mU. of

pressor gctivity.

Drugs

Nembutel Powder wes provided by Atbott Letorestories,
Korth Caicego, I1l. (courtesy of Dr. J. D. Tsylor). The
heperin-sodium (Nutritional Biochemiceis Gorp., Clevelend;
Ohio) was obtained in a powdered form having 100 U./mg. activ-

ity. Crystelline urethan (ethyl cerbemste-Fisher Scientirfie
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Company, Feirlewn, N. J.) and USP-Fowder wmorphine sullate
(herck end Co., Inc., Reaway, . J.) were used. Fresh solu-

tions of all drugs were prepesred cefore ecch kloessey.
Aninels

3§§§ lele 2lbino rrts were obtsined from theHHoltzmen
Compahy,.medison, Wisconsin. lne rets were suilcred by Alr
Bxpress aad then.kept in- the lacoretory et lerst & weex befbré
taey were uscd Ior cioesseys.
| Frogs Junto size frogs (Rane pipiens) with light .
skins were purchased frow =. G. Stelrhilcer end Co., Oshkoéh,'

VWiisconsli, for tae iSH esseys.
netnods

Continuous flow electropnoresis

A Spinco iode. CP - Continuous Flow Feper zlectroconoresis
Cell wes used witn a Spinco Con-stet COLETENT CUTTent supply -
Prior to efch run the system was equilibreted witn the elec-
trolyte, 0.5 i acetic acid, for four to six hours. The flow
retés of tae electrolyte to the side wicks 2nd onto the heng-
ing curtein were adjusted until & trzce of dye moved stresight
down tne peper curtein.

A 1jk sélution of the sample in the electrolyte wes pre-
pered. The sample was contlnuously fed a2t & rete of 0.9 ml.

per hour onto & tac of the hanging curtein nesr the enode.
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During the run the current was maintained at 30 milliemps
wnich provided 530-540 volts. The system wes cooled by run-
ning cold tap water tarough the cobling plete behina the heng-
ing curtein and By recircdlating tne electrolyte from 2 six
liter cottle immersed in an ice beth. Every 24 hours the _
eledtrolyte was changed.. |

~The electrophoresis fractions were numbered 1 to 32 from

the cathode to the sznode. All frections were lyophilized.

Bioeassays

Pressor assay ~ The pressor ectivitiés of the virious

seuples were determined by the me thod of Dekanski (29)"ﬂ1th
slight modifiéetionsl Rets welghing 200 to 300 g. were in~
jected subcuteneously with urethen (190 mg./lOO.g. B. ﬁ.).
After epproximately qu hours when the re#3T wes cowmbpletely
anesthetized, the trechees wes cennulated with e shqrt glass
tube, and one cerotid srtery wes dissected réedy for cannule-
tion. The fe@oral ﬁein next to the inguinel ligement was
cannulated with s needle, ceceuse the vein collapses easily
' with.manipulation. Heparin (200 U./100 g. B. W.) was injected
into the ret by way of tﬁe fenorel vein. All the semnles were
administered in 0.2 ml. of Uhysiological saline end weshed
into the femoral veln oy an equel amount of ssline.

A polyethylene cennulsa inserted into the czrotid artery

led to a Statham pressure trensducer (Model Pz3Db) wnich in



Turn- was connected to a Sencorn amplifier and recorder (Model_
141). Tnhe blood-pressure of the ret was blockéd by intre- |
venous injectiorns of divenamine (200—500/Ag./100 g. B. W.) to
- a pese level of ebouﬁ o0 mn. Hg. Unknown sarples were com-
pered witn two levels (4 mU. end 8 mU.) of USF Posterior
Pituitary Ref;rence Standard . |

Corticotropin-relessing Iector gssay T2e in vivo

assey procedﬁre of Guillemin et zl. (51) wes used to measure
CRF ectivity. A-l essayé were pertormed ir the mofLiLg, te-
ceuse Guillemiﬁ e1.d his g¢roup (50) found ‘thst the resting
level of plagma corticoids %;s tﬁe lowent duriné this period.
" .liele rets welgning 150-17V g. vere used. Each ret wsas
plaéed on the followinglfime schedule: Lemiutal (4;9 ng./
100 g. E. wi) was injected intreperitoneelly et zero time.
After tne rct wes esleep, it wes vleced on ew electfic vlenket
in & cox tnrough waich 95% oxygen-5% cerbon dloxide wes pessed
st & flow rete of 7.5 1./min. Thirty~-five minutes eftér the
nemoutel, worphine (2.0 mg./100 g. B. W.) wes injected intre-
peritoneeilyl la1ls was 2 modificetion of Guillemin's sssay
i, which morghine wes giﬁen b2s) miﬁutes af'ter nembutél end wes
done to essure.that the rsts were completely znesthetized.
A swell opening wes mede in the neck of the ret 15 min. sfter
the morphine injection, and the semple'to te tested wes in-
jected into the eXxposed externsl Jugular vein. All samples

were administered in ¢.3 ml. of physiologicel saline.
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Exactly 15 minutes efter the semple had been given, the
anlwmel was opened ¢t the midline of the sbdomen. The viscers
‘were lifted out, end 5 wl. of vlood were withdrewn into .
‘hepariiized syringe frow the dorsal sorta. This operstion
was comgpleted within 40 seconds. Thé clood wes centrifuged
iimedistel,: To oGteil the cleef plesma. The plesmé samples
were frozen until the fluorometric determinsticn of the oorti;
costeroids was doke. 7Tie invervel of 1¢ minutes rIter semcle
iijection wes selected ovecause the'maximel concentretion of
blasmefcbrticosceroids hes ceen found 15 minutes after stress
.or injection of ACTH (48).

During tae assay'a crreiul record was kept of the condi-
tion or‘eacn fét. If an ani.el eppeared ‘to ce ewske or mori-
curd, als corticostercia value-weé not ircluded in tae finel
assay results.

The détermination of the plesme ffee corticosteroids wes
cerried out on & wl. sliquots of plesne according to the
method of Silver (14%) o8 wodiried bty Guillemin (49). A
Ferrand fluorometer wes used with the filter systen suggested
by Swest (185).

Chloroiorm was fresnly distlilled over sodium cerbonete
before escn determination. A delonized woter sauple wes used
as & reagent tlank. Gelvenometer readings of the water blank
were of.the order of 1.0-2.5.

For sulfuric scid induced fluorescence of corticoics the
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1l-hydroxy group 1s essentlial erd the o, unseturated ketone
ii. ring A elso exerts a strong iurluence. A 17-hydroxy group
hes little effect. Corticosterone (cpd. B) wes chosen as the
stendzrd for the fluorometric determinations, becaﬁse it is
tne priuicipal steroid found in the rat.

Two cpd. B stenderds sand en interusl plesme pool standard
were used in every fluorometric aeterminstion. The internal
stenderd wes prepared by poolirg slasme tfrom stressed rets.
The ar:liels were siressed witn ether anestncsie, aud the blood
was withdrewn from'the etdomiral sorts 15 minutes lafer- The
pooled plasme wes tnen divided into eliquots end frozen. Tae’
velue for the corticosteroid concentretlon of & plesma vool
Goes not vary even siter the szmples have been stored for many
montns (48). A -

The cpd. B level of the plesma.pool showed gooc reproduc-
itility from one fluorcmetric determinstion to enother. The
verietions for three different plesme ?ools ¢re llsted in
Tarcle ©.

Uninjected rets or rats injected with physiological
saline were introduced randorly throughout esch assay as con-
‘trols. The CRF activity of e sample wes calcuiated as the
‘per cent lincrease 1n corticosteroids over the level of the
combined controls. '

The sensitivity of the rat preparetions wes tested by

injecting USP-ACTH in the nembutel-morphine-tlocked enimels.
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Table 5. Concentrations of .cpd. B in the internal plasma
pool standerds

Numecer of ' Flesme -vépd. B
Fool determinations Mg /100 ml.
A | £l 32.1 + 0.7°
B A 24 49.4 + 0.9
C ' 10 33.4 + 0.4

&S tendard error of the mean.

.

‘Concentrstions of plasme free corticostercids -in

Tacle 6
remoutal-morphine-bplocked rsts after injection
of ACTH
Numter ASTH Flssme - cpd; B
of rats - - mU . . Mg-/100 ml.
5 0.208 13.8 + 2.8°
3 0.410 £7.8 + 2.5
4 G.8<0 33.5 + 0.90

8Stenderd error of the mesan.

With increasing doses of ACTH g grzded response was obtained.
These deta indicete that the morphine-nembutal—blockedVret,ié
gs sensitive to ACTH &s the hypophysectomized ret, for‘
Guillewin et al. (48) obtezined very siniler velues efter

injecting USP-ACTH into hypovhysectomized rets.
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Tatle 7. Concentrations of plasme free corticosteroids in
- the hypophysectomlzed rat after injection of

ACTH (48
Kumcer o ACTH Plasme - cpd. B
of rats oU. . Mg ./100 ml.
6 ©0.% | ' 1.4 + 1.8°
6 0.4 27.8 + 1.8°
5 0.8 3.2 + 2.3

“Stencdard error of tne mean.

4LCTH assey hele rets in the s-me weight renge es
tnose ussd for the CRIF asseys were hypornysectorized oy the
perapharyngesl ap4foach cy krs. Peggy Handolph. Twenty—fouf
_hours after tie bperation the rets were anegthetized with.
ether. Tne samgle wes irnjected into the exiernzl Juguler
vein,‘and 2 plood ssmple wes withdarewn 15 minutes‘lpter from
the escdominal sorta exactly as wes done in the CRF assajs.
The concentrations of corticolids in the plesme were determined
fluorometricelily as previously. Two cose levels (1.0 mU. end
0.26 mU.) of USP Corticotropin Reference Standafd (1.41 U./
mg.) were injected fandouly throughout the essay, so that the
activity of the sample could te calculated in ACTY units/mg.

1iSH éssaz ielanocyte stimuleting sctivity wes asseyed
in both intact and hypophysectomized frogs by the semi-

‘quantitative method of Landgrebe &nd Wsring (83). Hypophysec-



47

tomized frogs are more rellacle essay animals, becesuse their
melanophores do not respond to nonspecific ajyents.

The frogs were placed under 2 light several hours before
the essey. Then the melanophores in the wet of the foot were
checked under 2 low power microscope. If the ielanophores
were contracted, the frog wes selected as en assey snimel end
irjected with the sample. After 1 1/2 hours the size of the
wmelanophores wes otserved rgain and compered tc the Hogken
wnelanophore Index (64). On thls scele increasing sizes of
expanded welenocytes were giveo numbers from 1 through 5. The
-gppreximate kSH éctivity of & sample was judged by comparing
the slze of the expsanded welenophores with thet oitsired with
s stendard of known LS activity. |

The 1SH standerd wss prepesred sccording to the weter
extraction method of Shizume gt 21. (147) except thst pork
posterior pituitary powcer was used instezd of veef. From
z g-‘of porcine pituitery powder 1.01587 g. of stenteré was
prepered. This wes slightly more than twice the Qeight vield
extracted from beef. Only 4S0 mg. were obteined from < g. of
beef postefior.pituitary powder. The activity of porcine
glutemyl- @-LSH, however, is Z x 107 U./mg. out thet of beéf
seryl-@-kSH only 0.2-0.4 x 107 U./ig - (89). The species dif-
ference in activities canceled out the difference'in weight

yield, and the two standards showed elmost the same ectiﬁity.

Ii.jections of l'Z5,ﬁg' ar.d 2.5)&g- of porcine standard gave
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nelanophore ‘index readings of &-3 and 3-4. Ore . unit of NSH

activity was defined as 0.04 mg. of the standard.

Inactivation studies

Teupersture iractivestion The lose of pressor ectivity

and CRF sctivity of synthetic lysine vasopressin wes followed
after storegce for verying lengths of tine 2t —lSOC., £5°C. ard
37°C.

pH irectivetion The stacility of the activities in
¥

acidic and tasic solution 2t room temperature and 100°C. wes
exa.ined. All solutions were adjusted to p7 7 vefore bioessey.

Thioglycolete insctivetion Thicglycolete reduction of

crude end synthetic vasopressin preperetiors wes studled oy
varying the concentretion of thioglycolste from 1 tc €600 moles
per mole of vesopressin.

Pepsin inactivetion The conditions for the pepsir

;nactivation experiments were essentially tne same as tose
uscd oy Royce and Sayers (126). The retio of pepsin to milli-
unite of pressor sctivity wes 4 mg./cc. to 180 mU./cc. After
the solutio:s hed beer incubated at 37°C. for £ hours, the

action oi the enzyme was stopped by adjusting the pH to 7.



49

RESULTS AKD DISCUSSION

Continucus Electrophoresis

Continuous electrophoresis of
methenol extract (CE 73)

I 1¢57 CRE sctive frections hed becn preprred from crude
poéterior pituitery msterials in two weys. Schelly (132) used
papef chrowstogrephy in four differeht solvent éystems;
Guillemin et el. (83) octained their D-delte fraction by e
combination bf peper chromatograchy end electrophoresis. Both
of these procedures were so latorious end timc-consuming that
they were oorly suited tc lérge scale preparation %ork. In
an etteupt to find e more efficient lerge scsle isolation pro-
cedure continuous electrophoresis (CE) was investigrted.

The sterting me verlal was 2 methenol extrect (56) of Keaum
product.from Frinceton hog posterior pituitery powder. A 1/
golution was prepared vy dissolving 1.0107 g. of metherol
extrsct in 100 wl. of the electrolyte, C.& X acetic =zcid.
Instead of keeping'the electrolyte in ice the entlre apperatus
was mbved into the cold room for tnis ruu. Uhder these con-
ditions a voltiage of 600-610 V. weg atteired a2t a constant
curreir.t of 8 wa. The electrophoretic fractions were col-
lected and lyophilized during‘the 94 hr. run. The weight
recovery, shown in Teble 8, was 71p.

In this experiment the pressor peak was found at fraction
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Teole 8. Weight, pressor snd CRF results of CE 73

higretion Pressor In vitro

from sanode Welgnt sctivity CRF
Frection Cr . ng - U./mg. potency

1-4 30.% | 33 0.5 -
5-€ B4 25 kex -
7-8 4.8 55 £2.0 —
9-10 cx 7 o5 31.25 -
1l-1z <0.38 83 3.7 -
13-14 . 18.8 54 0.0 1.9
15-16 17.0 70 0.6 2.0
17-18 156.1 g6 0.8 1.7
19-20 - 13.: 111 0.45 1.6
zl-g4 11.53 74 0.45 —
£5-3% . 7.5 100 0.5 —

¢-10. The in vitro CRF asseys were performed bty Dr. Hoger
Guillemin &t Eeylor Uniﬁersity College of iiedicine, Houston,
lexes. In the expression of the in vitro results 2 potency

of 1.0 meant thet there.wss .o lncrease in ACTH secretion over
tne control bituitery flesx end therctfore rio CRF ectivity.

A potency of 2.0 was equivelent Tto the zsctivity of Frection D
of Guillemin et al. (8€). The four CElfr?ctions on the anode
side of the vesopressin pess (F1l3-14, F15-1€, F17-1& and F1o-

20) appeered to be eluost as potent a2s Frection D. !o CRF
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assays were carried out on the electrophoretic fractions which
had pressor activity, because this was an attempt to show sep-
aration of the two activities. | _

Paper chromatography in butanol:acetic acid:water (4:1:1)
snﬁwed that all the electrophoretic fractions were gross md X-
tures of ninhydrin-positive maférials.

Continuous electrophoresis of countercurrent
distribution fractions (CE 208-2,3)

The results from the previous continuous‘eiectrophoresls
experiment indicated that low pressor, CRF active fractions
coﬁld be obtained with this procedure. 1In 1859 after an in
yivo CRF assay was set up in our own laboratory, the continuous
electrophoresis separation was reinvestigated in order to test
the fractions 1in our &assay.

A clesner starting materiél was obteined by using samples
from a countercurrent distribution (CCD 39) of Kamm product in
butanol:acetic acid:water (4:1:5) (86). Because Schally et
al. (144) had reported that CRF had an Rf vslue slightly high-
er than lysine vasopressin on a paper chromatogram in the
~ butanol:acetic acid:water éystem, the leading edge}(Tubes 2
and 3) of the CCD 39 pressor peek wes used; The material from
Tube £ had 9.62 U./mg. pressor activity and Tube 3 had 4.22
U./mg- |

For CE 208-3 a sample of 0.4464 g. of CCD 39-Tube 3 was

dissolved in 0.5 N acetic acid. The weight and pressor
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results for this electroghoresis run are saown in Tatle ©.

The weight recovery was 63, end the pressor Bz.
In this electrophoresis the pressor peak hed shifted to

Fl1o-16. However,.the starting meterisl was different from

lable ©. Welght end pressor resulis-of CE 208-3

Welght Pressor ectivity
Frection g - _ . U./ag.
7-8 15.5
9-10 5.9 0.065
11-1c . £4.8 | 1.03
13-14 o 35.8 . 19.3
15-16 1.8 8.2
17-18 12.9 0.53
19-20 17.9 0.44
2l-2z 19.5 .64
2324 £1.1 0.03
£5-28 0.4
27-28 8.2

that used in the previoué run (CE 73), and the electrophoresis
was carried out 2t room tempereture witn the electrolyte in an
ice batn. Under these conditions 30 ma. of current geve only

530-540 V.
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Identical conditions were used for CS 208~z which was run.
on 1.06886 g. of CCD 39-Tuce . Table 10 siows that the pres-
sor peek again occurred &t F15-15. The greeter pressor.ectiv—
ity of thls frection reflects the higher ectivitj of the

starting materiel. The weight recovery was £Sii for CE 208-2-

Tecle 10. Uelght end pressor results of CE 208-%

Welgnt . - Presscr activity

Fraction L . U./zg.
1-% 1.7
-4 5.3
5-58 g.1
T=E 35,1 <L, 02
c-10 1:4.5 <0.0z%
11-1z 15¢ .5 C.5
15-14 92.0 17.4
15-16 S5z.3 50.0
17-18 4¢ .3 5.7
19-:0 425 1.1
wl=-zz ' 42.9 1.5
£3-c4d 43.3 0.6
£5-26 17.1 1.1
27=c5 . 3C.4 0.8
£0-30 ' 13.3 <0.0%




cut only 46.5,c for the pressor gctivity. Since 2U8-3 and
208-2 were run under icenticsl conditibns{ the reeson for the
lower recovery in CE 2U8-2 1is unknoWn; Perheps there vas some‘
iiectivetion during the lyophilizetion of the seuoles.

The CRF ectivities of frections from CE ZUB-2 were
méasured in'nemcutal-mor@hine—blocked rots. The results sere
bgiven in Teole 11. All tie ssugles were zssayed ot pressor
dosages oelow 80 wU., the threshold velue ot which Guillemin

et 81. (54) hed stoted thst lysine vasopressin began to show

inherent CRE sctivity. Altaough ihe pressor dossges were low,

tne

e}

eeik of the CAF potencles sppeared to coincide with thet .
ol the presscr gctivitics. 'Frectioh-l5f16-gnve & léoﬁ‘increase
in plesme corticostercids ovefﬁcanLrols-?f O.G/ug..per injec;
tion.‘

As in ﬁhe-pravious elecirophoresis run the frectiors oun
the anode'side of the pressor perk were low in pressor esctiv-
ity out snowed CREF activity es if there nad been some separs-
tion of vesopressin and CRF. 'Because ACTY 21so will relesse
corticoids in the CRF aesse;, the ACTH_content of Frl-Zz waes
exal.ined. Tne resulis cre snown in Tacle le. Although these
assays were ouly roughly.qusntitative, Fii-2z eppeered to heve
epproximately 0.0Z U. of ACTH per mg. In the CRF essay 45,%g-
of Fzgl-ZZ were injected. This would te equivalent to 0.8 mU.
of ACTH which would account for eslmost 21l of the CRF abtivity

of this frection.



Tacle 11.

CRF asseys of fractions from CE 208-Z

Fressor Pressor Plasme - cpd.-B
activity dose M. /1006 ml. Cpd. B. %
Fraction U./mg. mg./in). wi./in}. Control Semple iner. iner.
13-14 17.4 0.8 10.4  (5Y%.1+ 0.5° (3) 2.8+ 2.8 1.7 20
15-16 50.0 0.6 30.0 (5) 8.1 + 0.5 (5) 12.4 £ 2.1 11.3 140
17-18 5.7 L4 16.1 (4) 7.4 + =.1  (3) 25.1 + 4.2 17.7 240
1910 I.1 ‘.4 2.6 (4) 6.2 + 1.5 (4) 4.6+ 0.2 0.0 0
l 45.0 49.5 (4) 7.4 + 2.1 (5) 35.4 + £.8  £8.0 380

£l=cc - 1.5 45.0 551 (3) 6.7 + 1.7 (3) 31.8 & 1.3 25.1 375
PSR S 0.4 45.0 18.0 4) 5.8 + 1.5 (8) 13.2 + £.4 1k.4 215
25-x6 1.1 45.0 49.5 (4) 5.8 + 1.5 (4) £7.9 + 4.0 . z2.1 380
£7-28 0.6 35.0  (5) £.0 4+ UL®  (B) 12.7 + 1.4 4.7 60

8numter of rats.

“Staniers error

of the

meear .

Gg



Tacle 1lg.

ACTH essay of CE 208-2 (Frl-z2)

)]

Date of Pressor Pressor Piasme - cpd-.B
assay and activity .dose M. /100 ml.
fraction U./ug . Mg./ing. wU./inj . Control ' Sample
(2/1c/60) »
ACTH 1.0 mu. (5)3.45 + 0.3°  (3) 18.1 « O.
Ouzbd wl. | "o (3) 8.1+ 1.0
Felozx 1.25 90.0 112.5 . no (4) 22.4 + 1.8
" £2.5 - 28.1 e (3) 2.7 + 0.9
(o/10/6U) |
AGTH 1.0 mu. (4) 2.4 + 0.1 (&) 26.7 + 2.6
0.25 my. l (4) 8.1 + £.4
Fele¥e .25 11£.5 140.5 ! (3) £3.6 + 5.8
I £8.1 35,17 ne (4) 13.1 + 3.2

8Number of rats.

CStendard error of

the mean.

9¢
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No melanophoretic activity wes ooserved in Fgl-xzz2 &fter

injection of .5 mg./dose in the in vivo frog assay of Lend-

grepe and liaring (83).

Continuous electrophoresis of countercurrent
aistricution fractions (Cx £25 e&nd CE £26)

The starting mcterisl for these electrophoresis runs had
peen freactionsted previously by countercurrent districution
in two solvent syscems. .Kemiw product wes distributed in

~ <

cutenol:acetic ezcid:water (4:1:5) (CCD 47). Then tubes 2 and

n

ot

5 of CCD 47 were suctmitted to countercurrent distritution
sec-cutanol:0.5% trichloroacetic acid (l:i).. Four separste
distrioutidns (CCD 4z, 4%, 50 =und 51) were nade to provide
enéugh mzterial 1or electrovcnoresis. The pressor peek of

eaéh CCD wes locsted ©y essay, end the tuces irom the descend-

ing part of the pressor curv:s were pooled (£8).

=

CE 225 was run on 0.6108 ¢. frow’ CCD 48 erd CCD 4%. The
pressor actilvity of the materisl £ rom GCD 48 wes S.7 U;/mg.
A pooled semple from CCD 50 end oCD S1 of 0.5338 g. was used
for CE 2«6. The weight and pressor results for CE 225 and
CE 228 are listed in Tecle 13. The weight recovery was 67%
for tne coumtined experiments. The highest pressor esctivity
was found in F15-16 in to'th runs.

In order to compsre the CRF asctivities of the continuous

electrophorcsis samples, F13-14 of CE 255 wes erbitrarily

chosen s 2 standard. One milliunit (CE mU.) of CRF activity
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Tecle 13. Welght end pressor results for CE :Z5 end CE 226
Welght Pressor ectivity
Frection , g . U./me.
CE 225 A
11-1%2 36 .4 2.0
13-14 63.3 17.7
15-16 T 40 .4 50.0
17-18 32.3 l:.4
18-:0 43,0 1.6 ;
Ll";’:,t.. 46-4 ‘ 1-4
«3-14 315 1.1
CE 26
3-4 12.%
5-6é- 2l.2
7-87, 258.5 .04
9-10" 47.5" 0.10
C11-1x c7.7 4.8
13-14 54.5 47.5
15-16 43.1 75.0
17-18 3.8 10.1
18-:<0 e 0.13
cl-zz 33.8 1.1
2o-c4 27.6 :
25-%6 1.4
27-28% 16.8 1.2
£8-30° 12.¢ 1.2

Emn s . - el Y ST ~4 0D
“These iIractions were concined Trom CE 225 or.d CE .228.

was defined =zs the increase in cpd. B/100 ml. vlssme over the

controls given by 1 ug. of F13-14. The results of en in Vivo
CRF assay of F13-14 et dose levels of 0.9, 1.8, 3.6 ahd 7.2
Mg ere listed in Teble l4a. The log dosé response curve ob-
teined from the CRF dete is drawn in Figure 1.

An ACTH sssay of CE 2«d, F13-14 in 24 hour hypophysec-



Table l4a. Assays of -CE 225 (F13-14) for CRF activity and ACTH ectivity

Pressor Pressor ~ Plasma - cpd. B .
, activity dosage o, /100 ml. v Cpd. B
Sample mg./in}. mU./mg. mU./inj. Contrdl Sample incr.
13-14 0.9 17.7 15.95~ (4)%a.25 + 1.2b' (4) 8.3 + 1.7 4.05
1.8 he 31.9 B (4) 11.8 + 1.3 7.35
3.6 i 63.7 (4) 5.25 + 1.1 (4) 21.8 + 1.3 15.55
7. oo 127.3 A l (4) 30.4 + 1.6 £5.15
- ACTH 0.25 mU. - (3) £.85 + 0.3 (58) 13.8 + 3.1
1.0 myU. : . L (8) 23.4 + 1.6
13-14 0.9 17.7 15.9% weo (58) 2.9 + 0.2 0.0
3.6 " 83.7 S (8) 4.0+ 0.4 1.15

. ®Lumoer of rrts.

°Standsrd error of the mean.

6S



Figure 1. Incresse in plasma corticosterore i: nembutal-morphine
olocked rets due to CE 225, F13-14
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tomized rats also is shown in Table 14a. This fractlon had
negligible ACTH activity. |

The CRF assays of the fractions of CE 225 were all per-
formed at pressor levels of 30 mU. per injection. This was
the level recommended by Schally and Gﬁillemin (141) as free
from CRF activity due to vasopressin. The results of these
assays are shown in‘Table 14b.

The.CE units for CRF activity were calculated using the
provisional CE 225, F13-14 standard. A graph (Figure 2) of
the pressor activities and the CRF activities of the frec-
tionsuffom CE 225 demonstrates that the pesks of both activ-
ities occur at F15-16. Continuous electrophoresis did not
separate the two activities. It was alsc noted that many of
the fractions gave similar per cent increases in corticolds
at the éonstant pressor dosages of 30 mU.

Continuous electrqphoreéis of a countercurrent
distribution fraction (CE 236)

Another continuous electrophoresis run (CE 236) was made
on material from tube 1 of the countercurrent distribution
(CCD 47) in butanol}acetic acid:water (4:1:5) of Kamm product.
This starting material had 6.5 pressor units per milligram;
4.6407 g. were run under the same cbnditions as CE 208-2,3.
The weight recovery was 72%.

The MSH actifities of these fractions were tested with

the in vivo frog assay of Landgrebe and Waring (83). Because



Tacle 14b. CRF assays of fractions from CE 225

Pressor | Pressor Plesrme - cpd. B Cpd. gﬁ. CE U.
activity doseage m2 . /100 ml. B per per
Fraction U./mg. Mo /iny. mU./inj. Control Seample incr. inj. ong.
112 2.0 15 , 30 (4)a6.z511.5b (4) 26;612.8 20.35 5.5 0.37
13-14 17.4 1.8 31 _ (8) 18.3+1.8 ©.05 1.85 1.0
15-16 50.0 0.6 30 ' (8) 15.45:2.3 9.20 1.87 3.12
17-18 1w .4 i.4 30 (5) 6.2+0.5 (B) 22.242.3 16.0 3.6 1.5
1é;zo 1.6 18.0 9 (5) 17.6+0.7 11.4 2.3 0.13
2l-22 1.4 £1.0  z9 (38) 18.2+2.7 10.0 2.03 0.10
£3—-cé 1.1 £7.0 31 (4) 5.3+0.5  (4) 19.512.2 14.3 3.08 0.11
©5-16 0.8 36.0 e ‘ (5) 1€.2¢1.4 12.2 2.67 0.08
27-28 1.2 S 4.0 A (8) 13.3+1.7 8.0 1.7 0.07

£9

8jlumber of rats.

bStandard error of the nean.



Figure <. Pressor end CRF sctivitie

5 o countlinuous electrophoresis
fractions (CE 225 and CZ 228) "
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this assay was only semiquentitetive, the MSH esctivities were
only approximeations. The weight, pressor end k849 results for
CE 36 are shown in Tatle 15 &nd graphed in Figure 3. The

peak of pressor activity wes et F15-1Z, snd the peek of MSH

Teble 15. ieignt, presscr and kSH results of CE 236

Weight ~ Pressor zctivity 1SH sctivity
Fraction g . U./ug. U./ug. x 10%
l-2 11.1
3-4 11.0
5-8 15.0 1.8
7-8 1z20.7 0.05 3.2
©-10 412.5 0.10 4.2
1i-1z g§38.9 0.4 40
13-14 70c.3 1.2 53.5
15-16 45¢ .8 36 e 1¢.25
17-18 4.0 277 12.5
16-%20 108.7 5.9
PACYHS 127.6 0.16
s g81.¢ 0.7z
2b-26 68.1
27-8 56.5
29-30 44.7




Figure 3. Pressor end 1iSH 2ctivitles of continuous electrophoresis
fractions (CE 238) ' :
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cctivity was at F13-14. ko CRF assays were performed on the

tractions ol this run.

Additionel experiments on continuous
electrophoresis fractions

Continuous-electrbphorcsis s les were submitted to
further fractionation vy other wmethods te determine if the
CRF ectivity could ove seprreted Irom the vesopressin. These
experiments were cerried out oy kugene Lazzsfi and his essist-
ent and 5re:described in detell in histh. D. thesis (88).

Peper chromestogravhy of CU 256, F1l7-1% (PC-120) - An

EDTA-washed Whatwman lo. 1 peper wes stresked with & sanple of
C

eluted with 1;» cold ascetic acid.  VWhen pressor #2nd CRF assays

jea}
o

=D, F17-1% end developed in cutenol:ecetic ' ecid:water
2 .

IS

:1:8). The carownetorrem wes cut into seg.ents which were

were performed on tne elustes, the hignest concentrections of
pressor sctivity and CRF 2ctivity were found a2t the szme Rf
of 0.25.

Icn exchange chromatozraphy of CE 225 snd 226, F16-16

(IRC 50-12) The pressor peak (F15-168) wes chromstographed

on IBC 50 cation exchange resin. " When the column was eluted
witnh 0.5 I sumonium acetate at pH 6.4, the vrsopressin peak
czme off a8t 3.2 noldup volumes. The meximum CRF ectivity
slso was found in this- frection.’

The pressor and CRF peek from the IRC 50 column then was

submitted to countercurrent distripution'(CCD 52) in 0.5%
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trichloroacetic acid eqﬁilibffted with en equel volume of sec-—
cutenol. These CCD fractibns were assayed twice ror CRF on
iirrerent ceys. Both essays geve Tae same result. Tie nerk
ol GAF activity'COincided witn phe pressor vesfk.

A sample irow the pressor and CRF pesk of the IRC &0

M,

coluwn also was siresied on paper. Tne caromstogrew (PC 121)
was developed in ecetoune:westver (3:& v/v), end seguents -f the

s

peper ver: eluted with O.1): ecetic rcid. Asseys of the elute

Qs

senjles egein sioned the CIF cetivity in the szie locrtion es
the presscr sctivity at.an'Ef of 0.77.

For theée'eﬂperimeqts the CPF assays were crrried out
on samples witn 30 miU. of pressor ectivity per 1njection. Aﬁ
tnis pressor Cosecge siuiller inéreases in cod. S over ccntrqlé
were nqticed Tfor elmost ell tne sauples assay-d. This otser--
vetion and the resilure to schieve sepsrstion of CRF activity

Trom vesopressin oy any of the (rrctionstion procedures

ed an investigsticn ol the inherent corticotropin-

ct

LTOLD
relessinyg ectivity of vesopressin.

Corticotropin-releasing Activity of
Syntnetic Lysine Vasopressin

.

du Vipneaud synthetic lysine vesopressin

-

Synthetic lysine vesopressin wes cihoser to test the
corticotropin-releasing #cllity of vesopressin in the .in vivo

CRF sssay. Vith synthetic meterizl there was ro possibility
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ol ccntamlnents witn CRF activity which might te present in
vesopressin isoleted from pituliery scurces.

Tne synthetic vesopressin (Jk V 65/18) hod teen prepared
ii tne lecorctories of Dr. V. du Vignerud. The entire semple
wes welghed, dlssolved iu delorlzea weler and asseyed Ior
pressor cctivity. Two presscr assays geve eon avercge velue
ol zdx U./mg. Tae solution wsés then dlviced into aliquots,
~lyophilized znd stored in o deep I'reeze. Asseys for CRF were
cerried out on solid serzler wnleh ned ceen diluted in physio-
dogicel seline Just cefore eacn assay. |

Ine results from the injection into nemcutel-morphire
clocked rets ol iour cdose levels oi syntnetic lysire V?éo-
pressin :re sivei. in Tacle 1&é. 'The conirols irnclude both un-
injected rris and enliie injected rrts, vecouse st?tisticell
enelyses ol tre two types of controls showed no significert
difference cztween: Tae... AL the lowest dosage of vesopressin,
&.4 nU., tne slignt increese in'ulasma-de. S wes 1lnesignifi-

7

o

éant. At the taree nlgrer doses, 18.€ ml., 33.5 nU. end
mee., & significent incrersse in cpd. B wes found in eesch case.
Tne éria for tnese three dose levels vwere suctmitted to enal--
ysis of verience. A velue of 11.4 wes okteired for F sig-
Lificent et the 0.1% level.

Filgure 4 shows tne regression line celculeted from these
deta. The regression equation wes y = -134 +v14.5(x). The

per cent increase 1in plesme corticosterone 1is plotted versus



Tacle. 16.

Effect of du Vigneaud synthetlc lysine Vv essopressin on the

plesme
corticosterone of rats
Presgsor Plesma - cpd. B Z increese
doszage ug . /10U Ll . Cvd. B : . over
wU./inj. Control Sample increase "p velue® control
8.4 (7)%.0 + 0.8%  (10) g.5+ 1.1 G.5 Bop>.7 _
16.8 - (18) 8. + U.7 (19) 11.4¢ + 0.7 3k .Gl>p>. 001 3Q
33,0 (10) 8.1 ¥ 0.8 () 14.7 + 1.4 5.6 <.001 g1 &
87.0 (7) 8.1 + 1.4 (10) 1B.x + 1.4 10.1 <.001 125
&p celculated 1rom t on values for plasie Eoirn

injected rets.

“Number of rets.

CStanderd error of thne mesan.

cH a.

controls and in samnle
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Figure 4. ACTH-relessing zctivity of du Vigneeud'synthetic
lysine vesopressin in nembutal-morphine tlocked
rats
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tae log of the vesopressin dose. The cers irdicete the
standard errors of the meens ot the three dose levels.

wcCann ard Fruit (98) investigrted the ACTH-relcesirg
8ctivity oi synthetic vesopressia, vut they us«<d rris with
scute nypotnalamic leslors &nd depletion of adrenel escorovic
aci. &s tie index ol ACTH rclesse. VWith thelr ossay systen
lysine vzsupressin geve a linesr log-doce versus respoinse
curve frou 10U mU. to 1000 wU. whern Guillemin et al. (81)
tested nignly purified lysine vescpressin (287 U./ug.) in the
remcutal-morpnine clocked ret, wo sigiiricrert increese in

pleswe-cpd. E wes Iound r

ct

eny dose level celow £0 mU. Atove
80 wU. a lerge discnarge ol ACTH wes otserved increesing
linerrly witn tne log-dose of veasopressin.

Ratner thar indicsting & thresnold &t 80 mU., the present
érte extena tiie line?r response curve of ACTT relesse versus
log dose of veascpressin dowi to dose levels tetween 17.2 to
67 wU. of vesopressir. OSynthetic lysire vrscopressin is szctive
in releésing ACTH 2t levels of .03 to 26 pg.  The corticd—
trooin-releesing activity of lysine vesepressin exceeds that
reported oy Scnelly et 21. (140) for their vurest vrepsrations

of o-CRF &znd @-CRF. The minimum effective dose in the in

vivo &assey of o{-CRF was -3 mg. end of @-CRF wes 0.1 -
Aiter the aigh 1nherent corticotropin-relessing ectlvity
of lJSlne vesopressin wes discovered, o re—evaluetion wes rmade

of all the asssys wnich had been cerried out during the
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unsuccessful CRF 1soletion work. According to tne synthetic
lysine vesopressin drte when tacse sauples were sssayed at
30 mwU. of pressor cctivity ern increase of 6.1 ug. of c~d. B

over tne level of tie controls wes due to the CRF sctivity of

the ves.pressiu present. If g @-URF was siso present in

~

tnese saL.les, the additional CHRF =ctivity shculd ce epprrent

ir. the egssey results. Tecle 17 1lists the esseys performed con

sanles Irui. tne series ol experiments walc:a sterted with

~

CZ xe8. For the &l ssseys en everrye velue of 8.5 wes ci-

teined for ine ccl:trols end 13.. for tnhe sawules. This gives

o

an ircreese in cuc. o of B.SIMg-/lOO'ml. cleeme. In view of
t.ic wide verletion in controls end large stencard errers of

\

tne neens walen occurred in wany of these in vivo asseys, tails

value shows rensriecle asgreewent witn the increesse in cpd. 2
given cy synthetlic lysine vecsopressin. It sppeers thet essern-
tlelly ail tne CRr zctiviiy oi these se.. les wes due to their

pressor countent. The only szwm:cie not included in these cal-

culations wes IRC 50-12, tute 1. This sanple had KSH ectiv-
ity and therefore, its nigh CRF activity wes protrbly due %o

coth o -CRF end vesopressin. If @-CRF exists in porcine
posterior pltuitery preperations, it must heve been inecti-
vzted esrly in tne isoletion procedure or it must te 2 weaker

CRF tnen vesopressin.



Tacle 17. CRF assays of fractions obtained in purificertion vrocedure

Pressor Pressor Plasme - cpd. B

Fraction U./ml. dosage g . /100 wl. Cnd. B %
or tuce Me-/in. or mg.¥ wU./inj. Control Semple incr. incr.
CE 226 a o
13-14 1.8 17.4% 31 (4)76.3+1.5 (5) 15.3+¢1.8 ¢.05 145
15-16 0 8 50.0% 30 (4) 8.3¢1.5 (5) 1o.5+2.3 S g 150
FC 120 .
14 10.5 25 (g) 7.3+0.8 (5) 10.8+0.4 3.8 50
IiC 50-19
1 80.0 0.48% 30 (5) 4.8+0.8 (B} £4.8+1.3 £G.0 435
2 3.0 g.o% il (3) B.7+0.85  (3) 11.75+0.3 £.05 108
3 0.17 16G . 0% 7 (58) 4.5+0.58 (8) 13.1+2.5 £.06  18¢&
IRC 50-1°
Peak 3
=6 49 £9 . (4) 8.0+0.8 (4) 12.3+2.0 5.3 105
91 86 31.8 (4) 8.0+0.2 (4) 11.141.2 5.1 £5
93 9% 30 (4) 8.0+0.9 (<) 5.3x2.8 2.3 35
96 ' 21 30 (5) 4.8+0.4 (8) 2.0%1.3 4.75 25
#C 1l .
<0 0.7 30 (2) 6.4+0.6 (8) 8.4+0.8 2.0 31
22 4.3 30 (4) 7.6+0.4 (4) 12.25+0.9 4.65 81
4 ; Dei 30 (2) 6.4+0.6 (4) 18.0+¢2.5 11.6 181
< _ (4) 7.8+0.4 (3) 11.8%1.8 4.z 55

iumicer ol rats.

C3tancsrd error of the n.ean.
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Tavle 17.

(Continued)

Pressor Pressor Plesr.a - cpa. B
Fraction U./ml. dosage fmg:[1bu 5l Cond. e
or tube mg./inj. or me.® mU./inj. Control Semple incr. incr.
CCD B¢
(7/29/60)
43 1¢.6 30 6.6 (celc., (3) 12.0+1.68 5.4 ez
47 16.0 o) L (4) 12.7+1.3 £.1 Qz.5
51 2.0 28 . (3) 12.3%1.4 5.7 £6.5
55 12.0 30 H (3) 11.C+2.8 4.4 86.8
59 4.4 30 . (4¢) 11.8%0.6 5.0 .76
(8/19/60)
43 10.6 30 (4) 7.1+1.0 (3) 14.1+2.4 7.0 ege.5
47 16.0 30 " (3) 12.5+2.3 - 1.4 175
51 2.0 30 S (4) 17.2+%.4 10.8 152
55 15.0 31 " (4) 17.8+¥4.7 & 148

Ll
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Sendoz synthetic lysine vesopressin

Another preperation of synthetic lysine.ﬁrsopressin wes
doneted cy Sendoz Pharmrceuticels Comperny. The urterisl wes
recelved in so.ution in s.aled viels. Eech vial wes steted
to contein lO,COO mU. of pressor ectivity in 1 cc. of seline.
Two assays in our lacoratory grve €,620 wl./cc. end 10U, 540
mU./cc. with e mesn falue of 10,050 wt./cc. The corticotropin-
releasing cctivity or tnle preprretion wrs tested in the in
vivo essay. The results 5 nine different presscr levels sre
shown‘in Table 18.

An eznalysis of verisnce of these dete gave e velue of 3.0
for F, significent a2t tae 0.5, level. Ine regression line
calculeted for Sendoz lysine vrssopressirn was y = -280 + £14(x).
Tne regression coéfficient was slgnificant ¢t the 0.1: level.
Flgure S coupzres the regression line for Sendoz vesuprossin
witn tne line ouvteined for the du Vigneaud v:osopressi:. Both'

4

ty in the seme

¢

syr.tnetic lysine vesopressins show CRF activi
renge of pressor doseges. 1Tne grester veriestion of controls
enc scuple velues in the tloesseys of the Zendoz vesopressin
may account for tne difference in tne slopes of .tne two lines.
Tne log-Gose response curve octeined with tae du Vigreeud veso-

pressin 1s probecly the more relietle.



Tacle 18.

Effect of Sendoz synthetic lysine vesopressin on plesms corticosterone

of rats
Pressor Plasme - cpa. B 5 increecse
dosage g /100 ml. Cpd. B over
wl./inj. Control Saumple ‘increase control
e (8)% 6.5 + (.7° (7) 1C.5 + 0.6 1.0 10.5
24 (7) 9.3 + 1.z (10) 1.3 i»l.a 3.0 . 32
29 (5) 8.5 + 0.8 (6) 17.4 + 3.1 5.2 105
30 (7) 9.6 + 1.1 (2) 13.5 + 1.3 3.9 41
43.5 (8) 10.3 tvl.U (2) 17.8 + £.8 7.3 71
47 (6) 10.85 + 2.0 (8) 20.0 + 1.85 9.15 84
53 (8) ¢.7 + 1.1 (7) £21.0 + 2.8 11.3 116
5¢ (5) 8.5 4+ 0.8 (7) 18.2 + 3.8 10.7 128
70 (7) 1i.6 + 1.08 (8) 27.6 + £.35 15.0 138

qNumcer of rats.

“Stancerd error of the meal..

6
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Figure 6. ACTH-releasing activities of du Vignesud end
Sandoz synthetic lysine vesopressins



81

ACTH essay of synthetic lysine vasopressin

The increase in plssme corticolds 1n tne in vivo assay

could neve ceen the result of e direct ACTH-lixe effect on the
adrenels oy vesopressii. In oréer To test tnis possibility

du Vigneaua lysine vssopreséin wes injected into hypOphysec-
towmized rets. A dose of 6? wU. wes used. Tnls wes the highest
dose thet had ceen injected i:to ine nemcutel-morvhine clocked
raté- Zhe resﬁlts in the tvo typesAof rssay snizals rre com-

sred in Tegle 19. In the‘hypooh'sectouized r2ts tre control
p pay

Table 19. Effect ol syncnetic lysine vsosopressin in
nemcutel-norprniine tlocked end hywooshysectomized

reis

Fressor ) Plesms - cpd. B :
-Assay sctivity . /100 nl. . Cpd. B
Aniumel nU./dose Control : Senple ircrease
Leli.~0T » 67 (7)%6.1+1.4°  (10) 18.2¢1.4 10.1
Hyp. 87 (11) =.4+0.1 (2) . £.5+0.1 0.1

“Numcer of rrts.

OStandrsrd error of the meern.

valucs were lower, tut tae injection of synthetic vesopreseln
géve no lncreesse in cpd. B over the controls.
Previously Hilton gt 2l1. (63) obtained an increese in

edrenal vernous hydrocortisorne during direct erterizl infusion
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ol veasopressin 1hto tne adrerels of hypophysectornlzed cogs.
Royce and Sayers (1z5) foungd that'lerge.intravenous doses
(z.B-b.O U.) of purified erginine vesopressin or of commer-
cisl Pitressin depleted cdrenel escorocic ecid in hypo;hysec—v
co&ized rats. However, in the hypophys.ctoiized guinees »nig
5 U of Pitréséih injected intréperitoneally hed no effect
(148). LcCann énd Heberlarnd (92¢) were un-ccle to denonstrete
en extrapituit?ry effect of vescpressin in & decapiteted rat
witn e dose of 500 mU. of Pitressin. Guillemin et zl. (48)
found no lncrease in plasuma corticostercid levels.with intre-
venous injections of 300 mU. of arginine"QEEOpressin into
hypopnysectoilzed rets. Lower doses of vesopressin injected
intr:ﬁenously ep.erred to heve ro direct effect on tae
sdirenels.

| The résults with tne du Vigneesul vesopressin support ﬁhe
lastter findings.éLd lrdicate thet the ocserved increase in
corticoiﬁs after injection of synthétic lysihe v~sopressin is

a true CRF‘efféctJ

uSH assay of syntihevic lysine vesopressin

Tne Sendoz syntvhetic lysine vzsopressin wes tested for
uSH ectivity in the in vivo frog essay of Landgrete end Vering
(83). Four dose levels (26 wU., 100 mU., 400 mU. end 800 mU.)

were injected. DNo KSH ectivity was ocserved.
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Pressor and'Corticotropin—ruleesing Activities
of Synthetic Lysine Vesopressin sfter
Inectivetion by Verious Agents

Tewpersture inactivetion

One of tne prooiems in this study was thet 1t wes ;1most
impossiple té dc pota the preésor er:d the CRF bioéssays et the.
sere tiue. The pressor Geterzinetion on the CRF sample was |
sade the efternooh fo:lowing e CRF sssay, if possicie, vut
oi'ten :4-hours esrlier or leter. Sometimes, if tﬁé pressor
ret or.rats gaVé poof r.-sults, taere was:ap evei. longer perigd
of tlue betWeen The TwWo assays. 'fherefore, an investigatioa
was mede of the stocilities of the pressor eand cortiéotropin—
releaéimg éctivities undaer ‘verious temperetﬁres erid storege
‘conditions. |

In ohe experi.ent solutions or du Vigneesud vesopresein,
which haa beer stored in ihe freezer for two o five weekxs,
were pooled. The pressor cssay of tae pooled solutions- showed
e loss of 80 ol the originel pressbr sctivity. This solution
taen wegs left et rooﬁ tempereture for 4c hours. After this
treatment the pressor sctivity remsined the seme. The solu-
tion wes frozen and thewed threce times in the‘next 48 hours,
left et room temperature for 4% hours end tnen hested 1in an
oven a2t 37° C. for £6 1/2 hours. At this time it had loét’
¢3% cf its pressor zctivity. Tatle 20 summsrizes tnese re-

sults.
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Tacle 0. Insctivetion of synthetic vesopressin by storege
- end temperature treetments

Pressor Plasuwe ~ cpc. B ' ) s incr.
activity g /100 ml. % from
Treatument mU./dose Control Seample incr. greph
hone 67 . (7)%.1+1.4° (10) 15.c+1.4 125 -
Freezer
~inect.
=0 WKS.

W~
[e¢]
(48

8.540.9  (6) 14.7¢1.0 7z - 104

Roomw tewp.

4z hrs. 48 (g) 7.6¢1.0 (7) 14.4+0.8 &2 104
37° C. » ' o
£6 1/c ars. 37 - (5) ©.3+0.86  (7) 14.3+1.3 170 165°

“humcer of rats.
“Standesrd errcr of the nean.

CTsken from pra. i wita 5.8 centrols.

The loss of CAF a2ctivity eppesred tc prrallel tae ioss
of pressor ectlvity unaer z11 these trestments. Tae last
coluwn in the tecle gives the value teken from thé‘graph of
per cent increase ih.cpd. B versus tne log-doze of du Vigneaud
vesopressin (Figure 3). Tais velue rcpresenté the percentage
incresse th=t would ce expected irom the mU. of pressor esctiv-
ity injected. Tne experimental per centi increase was lower
tnen the expected value in eech cesse, tut the smzll difference
was prooceply @ reflection o1l the variatibns encountered in the

pressor and CRF éssays retner then differentiel destruction of
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the activities.

vAnother du Vignesud v:sopréssin solution which hed Teen
rrozen ror seven weeks reteined ouly 55A‘of its.origin@l
pressor cctivity. There wes ro loss of ?ctiVity after 45
hours of incucetion £t 37° C., but sfter an sdditional 50
hoﬁrs ounly 60, of tne ectivity wes still present. Tecle 21
shows these results. Agein the loss of CRF potenéy wes coli-

~sistent wita the destruction of pressor ectivity.

- .- s T . e
Tecle £l. Inectivation o1 synthctic vesoprcssin et =157 C.

gnd 37° C.
Pressor . FPleswe - cud. B 5 iner.
: . ectivity g /100 ml. & frow

Trestuent ul./dose Control Secmple - incr. greph
ilone 87
Freezer
inact.
7 wks. 37
37° C. ' . . -
46 ars. 37 (10)°7.8+¢0.5° (7) 13.3:1.5 71 £e
37° C.
116 hrs. 25 (6) 6.9+0.8 (4) 10.0+0.8 58 55.5

@Number of rats.

L’Stanclerd error of the meen.

These erperiments indicrted thet both pressor snd CRF
activities were relstively stacle for severel Ceys. There-
fore, the pressor assay could te performed within 2 day or

two of the CRF essay with sccurete results. However, there
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wes & slow loss of coth sctivities even whern the seigples were
stored in the deep-freeze, end samples shou’'d te reessayed if

Irozen more then one to two wecks.

Acid end case inactivetion

The inectivetion of vesopressin ii mcidic erd besicvsolﬁ—
tions wes also studied. At room temperature tne pressor'
activitj eopuerred to ve feirly stetle fer lohg neriocCs of time
ir. either 2 wea.ly eclidic or cesic solution. After 12 hours
et pd 3 & solution of du Vigreesuad v:sopreséin, whica origin-
elly esssayed 13 ul./cc., lost only 19. of its pressof activ~
ity. In elkelire solution tae pressor cctivity wes constent

for x4 nours. Tecrle xk shows these results.

Tecle <. Stecility of pressor ectivity in slkeline

solution ot roowm teunpereture

: Fressor
Solution Tine ectivity Inectivetion
O - pH nrs. mlU./cc. e
70 - 0 2G0 -
73 11.8 1 196 : 2
T4 " 5 3/4 17z 14
7% R 193 35

76 l 4 194

(WX
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The very slight verietion in loss of activity rey te due
to the rect thst e separrte dilution of Sendoz vesopressin wa
prepered for each time perioa. LEech solution wes neutralized
to 2 pid of 7 cefore the seaupie wes injected intc the pressor
'rét.

Sideman and Socel (148) isolsted a rrrction from Fitres-

sin that releesed ACTH in the gulnes pig. They corncluced thet

it wes vesopressin, egnd pert of their supporting eviderce wes

n

tast wmild @cid end elgeline hycdrclysis s2ltered the pressor
gctivity end the CRF ectivity of the fresction to the szie
extent.

S;ndoz vesopressin wes ayarelyzed uncer cbnditions.sim—
iler to those used vy Sidener. end Soocel. Physiologicei seline
was acid;fiéd tc e vl of l.z wita zydrochloric rcid. The
acidic solution of Z00 mU./cc. of 3anéoz vesopressiin ues pre-
pared and pleced in o coiling weter trth. After 30 pirutes
the solution was immediately cooled in ice woter, srd tne p¥
was a2djusted to 7.1 for irjection. The alkslire solutions
were handled in the scme wacner éxcept that the pd wes ed-
justed to 11.95 wita sodiurl hyﬁroxide, 21.d one solution wes
lett in the volling water cets for 10 minutes end arother for
<0 winutes. The effects of besic and escidic hydrolyeis on
the corticotrooin and pressor ectivities or synthetic lvsine
vasopressin are shown ih'TableIES. Sendoz vesopressin wes

much more resistent to acidic then besic hydrolysis. However,



Tacle 3.

Effect of mild acid snd slkeline nydrolysis on
activity of Sendoz vasopressin

pressor and CRF

Pressor Plesms - cpd. B % increase

: Time activity ;ug,/loo nl . i Sendoz
‘‘reatment mirn. wU./dose Control Sample increease graph
y 8 .ot S , ,
Kone 0 60 (8) &.5 + 0.9 (7) 24.2 + 2.3 123 120
pH l.z 30 z8.0 (6) 8.5 + 0.9 (8) 13.4 + 0.9 52 o1
pH 11.5 10 5 (8) 10.2 + 1.5 (10) 16.3 & 1.8 €0 30

L 20 £.5 - -

8numcer ol rets.

bStandard error of the mean.

8s



under beth conditiorns tne destructlion of CR: sctivity psrellel-

ed tne decrease in pressor zctivity.

Thioglycolete reduction of vasopressin

Thioglycolste reduction of continuous electrophoresis

presaor rreetion (CE US-z, 715-18) Tre effect of thio-

glycolste reductlon on pressor ectivity wes studied first on

& cruce electrophoresis sa.ple. This frection (F15-13) wes

n

t:i1e pressor pesk of CE £08-% ernd hed 2 precsor sctivity of.
50 C./ng.

4 0.05 . sclution of thioglycol-te wes prriprred, =6 the
L= was esdjusted ta 7.¢. Then :.5 ng. ol Fio-12 were dlssolved
ik =& wle of e’ tnloglycolrte solution. Tne celeulrted
wolsr rspio 28 78 molies of thioglycolrte tc orne of lysire
vesopressin. EZvery teii minutes & se.ple wes teken from tne
thioglycolrte solution end injected into tne dicernenine-~
~tlocked rat. At the pveginning of the experiient there wes 2
repid cestruction ofbpressor ectivity, end €0, hrd veen lost
efter two hours. At the end of Trour hours 97; ned ceen
destroyed. A plot of the insctivetion versusvtime hss teen
preperéd in Figure 6.

Thioglycolete reduction of syvnthnetic lysine vesopressin

Thioglycolate reduction of synthetic lysire vrsopressir wes
atterpted uncder meny different conditions of concentretion

2.6 pH. A slow eand reproducltle method of pressor irnective-



PRESSOR ACTIVITY (U./mg)

50 1100
45 490
40 180
35 170
30 160
25+ {50
20 440
5 f30
10 120
5 {10
; . L -
| - . 2 - 3 4
HOURS

Figure €. Thioglycolate insctivation of continuous electrophoresis
pressor Iraction (CE 2(8-2, F15-16)
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tion was sougnt in order thet the eifect of disulfice bond
rupture on the ACTH-releasing sctivity could ce wore cere-
fully investigated.

Tecle <4 snows the resulﬁs of experiments in wilch the
numcer of ioles of tnioglycolete per nole of vesopressin wes
progressively increased. o adjustment wes mede 1ir tae pH of

tae solutiou.

Tecle 4. Effect of verying concentiretions of thioplycolete
& gr
oL pressor ernd CRF zctivities

roles Pressor Plosne - cpi. 3 % iner.

excess  sctivity w2./100 ml. i frow
thio. - uwl./dose Control - Sezuple irner.  greph
lone 51
) : . PRI © e m o o s
1.25 48 (6) 11.0+1.1" (7) z£.8+3.3. 105 102
50 ~43
150 ~ 485 (7) 9.3¢1.4 (S) 20.1%z.5 113 102

Chumcer of rectus.

“Stanéérd error of the mean.

Trie lest two pressor assays were not relicsble except es
epproxiwetions, cut it was cleer thet neither pressor ror CRT
.activity hsd been destroyed in these experiments.

The effects on the presscr cctivity of nigher concentra-

tions of tiiloglycolete end adjustment of the p+¥ to 6.5 or £
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ere snown in Taule 25. Tne presscr activity wes destroyed

only after 96 hours wita 5C0 moles excess thioglycolete et

o

1 8. During these experiments s solution of thicglycolete
glone at tae saue conéentrstion es 1in solution 13 wes injected
irto the r&t aurlng the pressor assey. Ihe thioglycdlfte hedé
no effect on t..e ©looG pressure.

Tecle &, Effect of concentretion end p on thioplycolate
insctivstion of vesopressin '

Pregsor

noles tnloglycolate Time activity
Sample per i.ole vesopressin - pH nrs. mU.égg.
Sol. B l.one : 188
Sol. 13 300 8.8 3 1/ ~ 185
Sol. 14 L ou0 .5 6 138
Sol. lee o000 8.0 P 128

15v Se c.5

Tacle 8 shows thet there wes elso no decreése in tne
ACTH-releasing ecility of these sewples 1f the pressor activ-
ity wes not destroyed by thioglyéolete-

An alkeline solution and e high rolefr excess of thlo-
glycclate apparéntly wére necessary for inactivetion of syn~'
tnetic lysine vesopressin. witin 600 moles of thioglyCOIFté
per usole of Sendoz vesopressin end a pH of 8 ctoth pressor and

CRF ectivities werc destroyed. The dete fror these lnective-



O
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Tatle 6. Effect of pH end thioglycolrte ccncentration on
CREF ectivity

Pressor rlesies - cpd. E i incr.
activity g /100 nd . i fron
Senple  mu./dose Control Sample incr.  graph
. . - N .
Sol. 13 45 (8) " 7.2+0.87 (7) 15.8+¢1.4 21 100
So0l. 14 34.5 (8) 7.:2+0.56 (8) 11.0+1.1 054 33
Sol. 16 32 (7) £.320.8 (&) 18.x+2.0 Q& o1

Sllumcer ol rris.

@}

Stendsrd error oi the iesh.

tions ere snown in Tecvle £7. The reduction Lty thloglycclete

.

o t:ue disulfide cond of vesopressin acolisnhes toth pressor

‘ené CRF rsectivities.

Pepsin ingctivetion studies

Ir. 1¢88 Royce snd Seyers (1&5) steted thet the cortico-
tropln-relessing ectivity 5f meteriel iney ned isolrted from
tae aypothelemus wes cestroyed by pewosi:. The presscr activ-
1ty, however, wes reteined. Ir order to determine if tais
interestling separetibn of activities could be shown with syn-
thetic vesopressin, pepsin v s ircuceted with synthetic lysine
vesopressin 1n several experiients. The rrtio of cepsin to
milliunits of pressor activity (4/Mg-/co- to 160 mU./cc.) was

epproximetely thet used by Royce end Seyers.



Yavle &7.

Effect of 600 moles excess thloglycolste on pressor and CRF esctivity
of synthetic vasopressin

Pressor

Plesne - cpd. B

* increcse
sctivity = Tiume ;ug./lOO ml . i Sandoz
Saumple mwlU./cose ars. Control Sample incresase oraph
1 3 (7)" 1i.7 + 0.4% (8) 17.€ & 2.0 53 23
Sol. 34-V 51 0
. _ | ©
3 <4 (8) 10.3 £+ 1.7 (10) 10.0 + 0.9 O 0
8Numuer of rrts.
O3 ianderd error of the mearn.



Tne vesopressin sclutions were incut~ted with nepsin et

~J

37° ¢. for & hours. Then‘the PH wes changed 1o oac the
solution was frozen urtll assayedl The CRF esseys vwere per-
rorued rirst ‘ecd taen tne pressor ~sseys Lo deteriine 1f tTnere
hed ceen any logs of presscr =ctivity 1n stcrege or during the

CRF tioassays. In Tegle B V represents Cu Vigneesud veso-

pressin end S5 3Sencoz.

Tabie zg. Effect of pepsin on tune CZF rctivity of syntaetic
lysire vescpressin

Fressor Plasne - cud. E _ “ iner.
dosege . }gg./loo nl. _ from
Senple wl./dose Cortrol Semple incr. grephs
e T . R
Sol. 3&V 41 (8) .x+C.7  (10) 17.3¢l.2 110 95
Sol. 485 47 (8) 2.0+1.5 (7) 20.3¢1.4 126 ©8

aNumuer of rris.

CStenderd error of the mean.

There wes no loss of pressor ectivity sfter incutestion
with pepsin ror two hours £t 37° C. and elso no destruction
of CRF asctivity. Perheaps tne pepsin-lacile ACTH-releesing
factor of Royce and Sayers wes o -CRF. Tnis factor eppears

to ce structurally releted to kS end therefore wculd vrot-

acly ce degraded by pepsin.
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SUMMARY

Porcine posterlor pltultery preparations were submitted to
continuous electrophoresis, and the CE fractions were
aésayed for MSH, ACTH,'pressor and CRF activities.

The CRF and pressor actlvitles were not separated by
continuous electrophoresisj the CE fraction with the
highest}pressor sctivity showed the greatest ACTH-
releasing activity. |

Corticotropin—releasing activity wss measured in the
Guiilemin_;g vivo assay using nembutal—morpﬁine blocked
rats and fluorometric determination of plesma corticolds

és,the index of ACTH:release.

. All electfophoresis fractions, if assayed at a constant

pressor dosage of.SO mU., gave increases 1in plasma level
of corticosterone which‘were reletively constant within
the range of the CRF assay.

du Vigneaud synthetic lysine vegopressin was assayed for
ACTH-releasing actlvity; a linear response versus log-
dose relationship was eStablished between 16.8 and 67 mU.
of vasopressin. |

du Vigneaud vasopressin (262 U./mg.) was active in re-
leasing ACTH at 0.06 ug, and 1s, therefore, more active
than the purest preparations 6f of -CRF' ard @ -CRF re-

ported in the literature.



10.

11.

13.

Sandoz syntnetic lysine'v:sopressin olsy grve & lineer

log~dose CAF resgense curve vetween pressor doseges ol

ke mc. to 70 wU.

Injection of' €7 ml. or du Vignerud synihetic vssopressin
ir.to hypophysectowlied ratvs geve nu lncrerse in plesne
corticolds indlcaling tanrt tne effect of vesopressin in

tne 1. vivo CRF assey was e (rue corticotropin-relessing

effect and .ot o direct rction on the =drenslie.

F esctlvity of the continuous electro:noresis frec-

The CR

o

i

tlons wes sccounted Ifor oy the irherent ACTH-releesing’

ectivity ol tne vesopressin pres:-nt; no evidence Ior ¢

)

G-CxF wes found.

Solutions of synthetic lysire vr-sopressi: ghowed ro loss

s - . ' 0
oi C3F or pressor s#ctivity Ior 4% hours ¢t -1&° C.,

[

£8° C. or 37° C.; after 5-7 weéhs of storsge in o Ceep
freeze 45-7%,: of uvoth rfetivities wefe.recavered.

At 1OOO C., synthetic lysine vesopressin ﬁes aore stable
s nydroiysis et.pi l.c then et pH 11.8; poth pressor
end corticoiropin-releasing cctivities were Gestr-ved

to the ssue exient dhring nydrolysis.

Reduction of tne disulficde ring of vesopressin ot pv 8
by 600 moler excess tnioglycolate aﬁolished toth CRF

eﬁd pressor sctivities. |

Pepéin Gid not cestroy tue pressor or the corticotropin-

releasing sctivity of synthetic. lysine vesopressin.
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