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I¥TRODUCTION

Gonadotrophic hormones stimmlsete gomedal growth, maturation and
secretion. The simultsneous administration of certain substances
modifies the action of gonadotrophine. These substances have been
classified according to their mode of action, as {1) gymerglets and |
{(2) eugmentors.

Synergiets are ihuaalws gonadotrophle substances which sxert
thelr modifying influence at the end-organ -~the gonad. Symergion
occurs whether the synergist is injested et the same site, or at s
site distant frem the gonadotrophin injection. It is axemplified by
the incresse in ovarian response which results from the simol taneous
nd-inistratian of chorionic gonasdotrophin and pituitary gunndetmphinu)

Augmentors exert their modifying influence by delaying shserption
of gonadotrophins from the site of in:}oetion(g). They are inert if
injected at a site different than the genadotraphinfs'4). They in-
clude suoh chemically dinrée materiale as whole dlood(®), aluminum
hydroxide(6) and egz white(?),

It is the purpose of this communication to demonstrate a third
type of gonadotrophin enhencing mechenism which eperates in vitrp
in contrast to sugmentors and synergiste which exert their action
iz vive. The mecheniam involves protecting sgainet the in vitro in-

activation of gonadotrophins by certain materials named "proteators.?

MATERIALS AND METHODS
Twenty-two to twenty-four day-0ld Spragne-Dawley female rate
were used to asssy the gonsdotrephine. One ¢o. of the materials to

be assayed was injected twice daily for 3 days. The animels were



2

killed 24 hours after the last injection. Owarisn and uterinme wolghts
were taken as the assay end-points,

Gonado trophine from four sources were mvastigaﬁud. (1) Aduls
male and female rat anterior pituitary glande served as the source
of gonadotrophic hormone in the majority of experiments.. ?ﬁe damr
rats were castrated 20 to 58 days prior to removal of the glands in
order to increass gomadotrephin content, After decepitation, the
anterior lobes were removed imzediately, mecerated by sliernately
drawing them into and cxpulllng them from s syringe, and suspended
in sufficlent Locke's solution so that eash 6 co. (emount for one
assay Tal) contained the equivalent of 10 ng. of -day cestrate
plinitary sissue. (2) Lyophilized sheep anterior pitultary vowder®
was dissolved in Locke's solution so that sach 6 so. sontained 0.25
ug. {3) Ohorionie gonadotrophin powder was dlemolved in Locks's |
solutlon so that each 6 ¢c. contained 10.0 mg. (4) Human male sas-
trate urinary gonadotrophin, soncentrated by the aloohol preeipita-
tion method of Heller and Chandler(®) was dissolved in Locke's solue
tion so that each 6 co. contained the hormone concentrated frem a
two-hour urine aliquot.

Procedures were conducted immedintely after the solutions of
gonadotrophing were prepared. These consisted of incubstion at 37°C.,
shaking, and storege at 3°C.with and without the additlon of one of
the following substances: whole blood, testis sllices, brain siiaes,
8gg white, alumirum hyiroxide, prepubersl urine and wtrafilier con-
centrate of prepubsrel urine. A1)l msterisls were stored at 3°C. during

*Generously supplied by Mr. Fredaric Fenger of Armour and Company.



the three-day injection periocd. Solutions were shaken in 1285 ce.
Erlenmeyer flaske in & Kahr bactericlogicsl shaker,

Whole blood was oblained from adult rate by intracamdial punc-
ture. Bufflicient blood was added so that essh 6 ge. of solution con-
talned 0.33 ce. of whole blood. Hat testis slices were added o the
solution so that each 8 cc. gontained 500 mg. of sliiced teatis. ZRat
brain slices wers likewlee added so that each 6 ece. of solution con-
talned BOO mg. of eliced brain. Egg white wes added so that 6 ac. of
solution contained 0.33 sc. egg white. Aluminum hydrexide, prepared
scoording to Johnson and Sradley quoted by MeShen and Msysr( 6), was
asdded so thal each & cec. solutlon contained 100 mg. of aluminum hydrox-
ide. In the experinment shere prepubsrsl urine was used, the rat enteri-
or pliuitary glands were taken up in urine, instesd of Locke's molution,
80 that eash 6 ce. of urine gontained 10 mg. rat anterior pituitary.

In the experiment where ultrafilter concentrate of prepuderal uriss
wmas used, sufficient material was added so that sash & ce. of soln-

tion contained the materisl concentrated from a 4-hour urine alijunt.

RESULTS

Insctivation of castrated rat pltultery gonsdotrophin suspensicsn.

Control pitultary suspensions were kept at 2°C. for somparison with
suspensions that were ingubsted at 37°C. or sheken at 3° and 37°C.

The data of Table 1 show that shaklng for 2.5 hours et 3°C. and in-
cubation fer 2.5 hours at 37°C. censed little 1f any inactivation of

the gonadotrophin whereas shaking for 2.5 hours at 37°C. cansed oomplete



inastivation. Reference to Table 2 offers additional evidence that
shaking at 37°0, for 2.5 hours completely inectivatee rat pitultary
mnaﬂmtrophm; A totel of five separate comparisons were made. Whereas
suepensions stored st 3°C. showed demonstrable gonsdotrophic potenoy in
each assay, suspensions shaken at 37°C. for 2.5 hours eliclited average
ovarlen welghte renging from 8.2 BE. ‘to 13.4 mg. and no uterine stimu-
lation in any assay. This may be compared to the uninjected sontrol
average overien welght of 10.0 mg. and no uterine stimlation. Tms it
may be goncluded that rat pitultary gonedotrophin is totslly inastivated
by shaking at 37°0, for 2.5 hours. (In all instances where aversge
ovarian welghts fell within the range of wninjected tontrols, no uterine
etimalation wee noted. In all instances where ovarian welghts greater
than the range of uninjected controls were encountered, maximsl uterine

stimulation was noted. This generaliszation epplies to Tables 1 through 5).

&lons wes afforded by the sddition of whole blood, rat testis slices,
rat brain slices, sgg white and aluminum hydrozide to the rat gonadotrophin
before shaking at 37°C. The data of Tsble 2 show that the addition of
whole blocd afforded the Vest protection against inactivation, wherees
testis and brain slices, egz white and aluminum hydroxide afforded less
complets protection. Raw prepuberal urine and concentrates of sush
urine prepared by ultrafiltration offered no protection. None of the
above materials, using the same amount of material per aseay animal as
added to 6 co. of gonadotrophin, had any demonstreble gonadotrophie
activite. |

An alternate explanation for the detsctiscn of gonedotrovhing in

the suspensions after shaking at 27°C. in the pressnce of a foreign
saterial is that the added materisl served =s an augmentor. Thus

insgtivation might ccour as usual but sufficient augmentation might

+
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taks plase to restore gomadotrophio potensy. Reference to Tadle 2
indicates thet this poselbility was ruled out for ihe sotlon of whols
blood, testis slices, ege white and aluminum hydvexide by adding these
substances after shaking at 37C, had been completed, Im no instonce
was gonadotrophic activity noted,

Adding whole blood, egg white and sluminum hydroxide to the con-
trol pltultery gonadoirophin suspensions kept st 3°0, resulted in an
ineresse in gonsdotrophie asstivity. This could be due to sugmenta-
tion, synergien (assuming that the dlood contains some gonadotrophie
hormone), or if insativation cceurs at 3°C.ever a 3-day poriod, it
gould be dus to protection agalnet such inactivetiosn.

Insctivation at 3°C. for three days. ¥Yhe data of Tabls 3 show

that addidien of whole 4%10@4& to 8 suspension of ret pltuitary gonado-
trophia ceused an inereasesd gonadotrophis response, If this inoressed
response were due %o augmentation or synergism, then the samze ordesr
of responise should be elisited whether the blcod was in contact with
the gonadotrophia for the Z«day injection pericd or in contact only
at the time of injectlon., Therefore bleod wes added to an sliquot of
the suspension at eash imjeetion, MNo inersase in poteney was noted
(Tadle 3). It is therefore concluded that (1), inestivetion securs
in 3 days et 3°C.and that (2), whole YWlood exerts its enhancing ef-
feet by protecting against ineotivetion and m£ by sugmentation or
synergimm, -

Frovection ageinst inseivation of sheep gonsdotrophin. Sheep
gonadotrophins wae insctivated by shaking for 2.5 hours 2% 37°0.
Inagtivation wes prevented by sdding sluminum hydroxide before

inoubation but net by adding slwminum hydrezide after incubation
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{Table 4),

Sheldng for 2.8 hours at 37%C. feiled to insctivate humen wrinary
snd chorionic gonsdotrophin (Table §). Even shaking for 5 howre ab
37%0.fsiled to decrease the gonadotrophiec poteney 6f urinary extracts.
Sirict both exbrects are relatively orude preparations it may be that
the original msterisl containg & substance whieh alrsady serves as a
protector, However, & more plaueldle explanation, eonsidering that
we were unsble to demonstrate any “protector® in wrine or urine eon~
centrats, is that these gonadotrophic hormones are more siasble than

gonadotrophing extracted from pituitary glends,

DIBCUSEION

Inspstivetion: Pitultary gonadotrorhic hormones, although com-
paratively stable in dry powder form, sre notoriously unstable in
agueous solution. anlan&sig} found no loss of potensy when pitui-
tary gonadetrophin powder was heatsd to 100°0,for ons hour. However,
heating en agueous mlutianvaf hormone Just to beiling ceused complete
loss of patmy(m). aoljgttiam stored at room temperature for 9 days
lost spproximetely 50§ of their original potemey(®). In contrass,
storage of shesp pltultary extracte at icebox tampamtﬁrn for périma
of months reésulted in relativaly 1ittle loes af gonadotrophle poteney
as compered with solutlons that wers storsd for 4 days at icebox
toxp oraturo.u{ 8,10),

The methods 6f assay of mﬁmtraphie subshances in general use
involve & 3 o § day injection peried during which the selutione to
e assayed are stored at leshox temperature. We have boen unable o
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find any previous veport censerning the degres of inactivation that
soeurs during this 3 to & dey period of storage at lssbox temperature.
In the present study, pertial inactivation of rat gonsdotrophin during
3 days storage at 3°C.has been demonstrated by the additlon of a sub-
stance (whole blood) capeble of protesting the hormone Prom insctiva~
tlon (Table 3). On the other hand, Rowlands (9) end Yen Dyke and
Wellen-Lawrence (10) observed relatively little loss of potency of
ahesp pitultary extract stored at icebex temperatures for 5 to 12
monthe, as compared to solutlons stored at isebex temperatures for
4 days. Two possidle explanations of %his apparent incongruity can
o made. (1) Their sheep pitultary extracts were more stable thanm
the rat pltuitary suspension used in this study. (2) The inactive~
tion of pituitary gonadotrephin molutic:ns stered ot lcebox tempera~
tures occurs, for the most part, during the first few days of storage.

Chorionie gonadotrophin is likewles much morse stable in dry pow-
der form than in agueous solutiom. Although heating the dry powder
te 100°C, for three hours results in no leoss in potenoy, heating an
aqumué solution to 100%C.for five minutes results in almost cem-
plete insotivation{11), Altnough unstable in the aquesus state,
ohorionic gonadotrophin solutions sppear to be more atgblq then
equeous pltultery gonadetrophin proparatlon&l‘?}. The observation
that chorionie gonadotrophin wee not insctivated by shaking at 370,
is in socord with past experiense that chorlonic gonadotrophin is
more stable then pituitary gana&atmphim,
Although 1% is well known that proteins are dematured by shakingl{l3)

the extreme susceptibility of pituitary gonadotrovhic hormones to
shaking at 37°C. has not, te our Imowledge, been previovely demonstirated.
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Densturation by shaking imvolves the mechanism of surface de-
aaturation, the funotion of shalking being to lncresss the formation
of new eurface. It ie interssting to note that surface denaturation
of uresse results in loss (_yrobably complete) of blologiosl activ-
13y(14)

Synerglismi Certaln gonsdetrophic hormones sre capable of en-
hencing the effecte of other gonadotrophine to n greater degree than
can be explained by simply adding the effacts of the two hormones
when given separately. Iaoonard(l) found that 2 combination of ghor-
ionic gonadotrophin and pitultery gonedotrophin incressed tha wol ght
of the assay rate ovarles more than doudle thet whish conld be ex-
plained by simply adding the effects of the two materials when given
eoparately. He furthér observed that this synergistic astion coour-
red whether the two materisle were combined and injected ai the same
site or if the materisls were kept sepsrate and injescted at ssparate
siten.

Synergism hae also Lesn demonsirated for the pitultary gonedo-
trophins, follicle-stimlating horsone (P8E) and interstitisi-celi-
stimulating hormone (ICSH, elso known as luteinizing hormone, LH).
Fevold, Hisaw and Leonard(15) found that regardliess of dosage, a
purified preparation of ICSH was incapable of incressing the ovarian
weights of immature female rate. However, when combined with FeH,
IC8H was capable of enhancing the ovarizn weight inereasing sction
of FSH as smueh ss five-fold. Furthermore, this synergletis sction
occurrsd if IOSH was adminietered alone for three days immediately
" followed by the injection of FPSH for thres days. This effect was
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also demonstrated using hypophysestomized assay animals. They cone
cluded that the synergistic effect of ICSH was a direct action on
the ovary. | _

Avgmentation: As mentioned beforehand, numerous materisls
that alons have np demonstrable gonadotrophic astion are capable of
augneniing the sotion of certain pitultery gonadotrophin preparatienms.
In view of the great mamber of known "sugmentors’ it would spreer
highly improbable that eath sugmented by a different mechaniem.
Avallable ovid;mce indlcates thet sugmentation is, in esch instance,
due fo delayed abeorption from the eite of injection. The end result
ie to bring about a more gradual release of hormone from the site of
injection, thus simulating the probsble manner in which the pituitary
secreteos the gonadotrophic hormone into the blood stresm. The ex-
planation of augmentation om such 2 basis rests on the assumption
thet a more gradusl relesse of hormone imto the blood strosm is more
effsctive in stimilating the gonads. It is therefore intsresting %o
nots that Meyer and MoShen{16) found beef and sheep anterior pitui-
tary gonadotrophic potency to be enhanced approximately ten-fold by
inereasing the mmber of iajections from 2 to 24 daily.

Augneatation does not ovour if augmentor and hormons are in-
Jeoted at different sitea{3:4). ©This in secord with the view that
mgeentation s dus $o delayed sbsorption from the site of injestion.
The possibility still remains, bhowever, that sugmentation is due %o
an in vitro resction betwesn sugmentor and hormone. Evans, Celthamel,
Hines snd Xooh(2) tested this possibility by mixing augmentor and
hormone in vitro end injecting diraétly into the dlood Qtre&m (intra-



carélally). Augmentation did not oceur when injections were mede 15
intracardially whereas it did occur when injections were made sub-
cutaneously. They further showed that adrenalin injected along with
the hormone caused en inereasse ln gonsdotrophic potemey. It would
appear, therefore, that the mugmentstion of pituitary gonsdotrephie
hormones by a veriety of mon-specific waterisls can be adequastely
explained on the basls of delayed absorption of hormone from the
glte of injection.

Although sugmentation can be sdequately explained on the basis
of delayed absorption, thias does not memn that in sagh ilnstance the
mechanisnm of delaying absorption is the same. Bisehuff‘lﬂ hae
demonstrated that z2inc sulfate delays absorption by pregipitating
the gonsdotrorhic hormones. Merthiolate zugments by ceusing o
local reaction at the site of injmtian(m) . Tanniec aecid reterds
sbsorption by forming an ingoluble tannate of the gonadotrephic
hormons{19). Sodium lauryl sulfate produces an edematous reastion,
thus forming s depot 6f hormone contalning fiuild which is elowly
resorhed(14),

Angmenters mey be clsssed as "strong" or as "weak according
to the degree of sugmentation they produse. The following materisls
have bean shown to be sapable of caueing & three to ten-fold in-
crease in gonadotrophic potency end thus may be termed "etrong”
augmenterss aluminom, zine, magnesium and ferrie hg-a.m:i&es(a};
gsine swifate(B); yeast extract, yesst ash snd copper salts(20);
male urine extract, milk, ezg white, lemon, horse thyrsid amd haef

M%r(?); whole blood; red dlood gslls, hemoglebin, hemin and hue(gl)i



16

sodiwm lauryl sulfatel4); tamnic ac1d(19); and mertutolste(18),
¥Weak" augmentors, which csuse a barely detectable to two-fold
increage in genadntiophia potency, include the followling substances;
casetn(22); serms(23); plasma(B) leukseytes(24); and ehlorophy11(28),
The assay methods used in demonstrsbing sugmentation have ususlly
involved & three to five day injection period. Inhanced gonmdotrovhic
potency haes been noted if the materisl in question has been mixed
with the hormone during the injectilon perlodiut sot 1f the materials
have been kept separated and injected at separate sites, Thue, the
materinl added could he acting as sn augmentor, as a protector or as
both., It ie not probsble, considering the degres of increase produced,
that protection car fully explain the gonadotrephin enbancing sction
of strong, “"sugmentors”. It is poseible, however, that protection
against tnnetivation sceounts for part of the incressed gonsdotrephic
potency. In the ease of "weak m.gmm%m?:a“ it ie possidle that pro-
tectlon is the meshaniss involved.

Seperation of the three gonsdotronhin enhancing mechaniemg: By

definition, synergiem {# an in vive mechenism vwhose locus of action
iz the gonad, sugmentation is an in vive mechaniem whose loouz of
setion is the site of Injection, and protestion is an in vitre mech-
sniem. This is the basis for identifying the mechanimm involved
when an lnoresse ia potensy is noted upon the addilion of a given
sobestance %o & gonsdotrophic hormone solution. Identification of
the mechaniem involved can be ascemplished by the followlng three

procedures:
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1. Injection of the substance in guestion and gonafotrophin at
difforent sites, the materiesls being kept separate while in vitre.

2., Maitlon of the substance in question to the gomnsdotpophin
Just prier to eaoh injection.

3. Mdition of the substance in guestion to the lmown gonsdo-
$rophin during the entire 8 to B day veriod of injection.

The mechaniem involved is identifled as follows:

a. If an incresse is noted with procedurss 1, 2 and 3--the
mechaniem involved is synergiem.

b. If an incresse is noted only with procedures 2 and 3, the

R e o .y

:

¢, If an increass ie noted only with procedure 3, the megh-

anism involved is protectlion against insctivation.

SUMMARY AND CONCLUSIONS

To the two Imown gonadotrophin enhanoing meghanisms, augment-
ation and synerglsm, cor be added a third--protection ageinst in.
astivation,

Rat and sheep gonadoirophins are complately inactivated by
shaking at 37°C. fox; 2.5 hours, but only slightly insgtivated by
incubation at 37°0, for 2.8 hours, or by shaking for 2,8 hourse at
3°C.

Additien of whole blood, egr white, testis slices, braln slices

or aluminum hydroxide to rat pituitary gonadotrophin offers protestion
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sgainet inactivation from shaking at 379C, for 2.5 hours.

Addition of sluminum hydroxide protects shesp pltultary gonedo~
trophin egainet inactivation from sheling at 2790, for 2.5 hours.

Storage at 3°C, for 3 days slightly insctivates rat pituitary
gonadotrophins. Addition of whole blood protescte agalnst such in-
activation,

In vitro inactivation must be considered in concluding that a
substance asts as an sugmentor, especially since some of the lmown
mgmentors such as whole blood, egg vhite snd sluminum hydroxide are

alse protectors.
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