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I

Previous studies from these laboratories demonstrated that estrogen-induced
histamine release, or histamine itself, may trigger the acute vasodilatation, hyper-
emia, and increase in capillary permeability which permit the accumulation of
electrolytes, water and other metabolites in the stimulated target. These investiga-
tions have been extended to serotonin and heparin. Heparin was without effect 4 or
24 hr after intrauterine administration to adult ovariectomized rats. Serotonin, on
the other hand, exhibited a striking similarity to histamine in its early influence on •
uterine vascularity and water imbibition, and was approximately 17 times as effective . .
on ,_ molar basis. Mitotic activity in the epithelium was conspicuous 24 hr after
histamine treatment. Serotonin had a similar but. less intense influence on epithelial
mitoses. Intraluminally administered LSD-25 inhibited the hyperemia and water
irnbibition due to estrogen, even in adrenalectomized animals. Whether serotonin, ..
which exhibits the estrogenicomimetic properties of histamine, normally functions
in this capacity under circumstances associated with hormonal action remains to be
determined.

INTRODUCTION cumulation phenomena are secondary to

True growth of the uterus is established the hyl)eremia and increased capillary

approximately 20 hr following a single in- permeability evoked by endogenous hista-
travenous iniection of estrogen in the mine or related substances released by
ovariectomized rat. This is preceded by, estrogen. Other naturally occurring vnso-

and may be dependent upon, earlier modifi- dilator agents were not excluded specifi-
cations of cellular composition and enzy- cally from possible participation (Spaziani

matte activity (Szego and Roberts, 1953). and Szego, 1959). Particular attention was
The acute changes reach their peak at drawn to serotonin because of its demon-
about 4 hi •. These include a striking in- strated role in promoting localized hyper-

crease in vascularity of the organ associ- emia and edema formation, especially in
ated with accumulation of water, electro- the rat (Rowley and Benditt, 1956; Spar-
lytes (Szego and Roberts, 1953; Roberts row and Wilhehn, 1957). Indeed, its re-.

and Szego, 1953; Spaziani and Szego, lease from specific sites often accompanies _
1958), and plasma proteins (Kahnan, the depletion of histamine therefrom (cf.

1955). Page, 1958).
On the basis of previous x_ork from these It is the purpose of the present report to

laboratories (Spaziani and Szego, 1958, test the effects of serotonin and some of its
1959), it has been proposed that the ac- antagonists and of heparin, on uterine

'Aided by a research grant (CY-1488) from hyperemia and hydration. Heparin, along
the National Cancer Institute of the National with serotonin (Benditt et al., 1955), is

Institutes of Health, U. S. Public Health Service, present in substantial concentrations in rat
and by Cancer Research F|mds of the University mast cells which also contain histamine
of California. (Riley and West, 1953)• The present ex-
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periments confirm the effectiveness of his- were removed and analyzed for water content as
tamine in inducing uterine changes fol- previously described.

lowing direct intraluminal instillation.
Hcparin is inert by these criteria. Sero-
tonin, on the other hand, bears a striking RESULTS

similarity to histamine in its early (4 hr) INTRALUMINAL INJECTION OF TEST Group
influence on uterine vascularity and water SUBSTANCES: THE INFLUENCE I U]
imbibition. These two amines are also ef- OF THE MANIPULATIONS II 0.'

fective stinmlators of uterine epithelial mi- INVOLVED III S1
totic activity 24 hr after local application• IV l.

The data demonstrate, therefore, that at The effects on uterine hydration of in-
least two constituents of the mast cell, a jecting 0•02 ml per horn of 0.9%, 1•8%

unit which appears to undergo acute de- and 3.36% NaC1 solutions were observed v 3

. granulation in the uterus following estro- (Table 1). The 1.8% saline solution was ,Deviationss _
gen administration (Westin, 1955), have chosen in the present experiment because bWhere indic',
estrogenicomimetic effects on this organ, of its osmotic equivalence (0.305 3I) to the
Studies on the effects of serotonin inhibi- nearly-neutralized 0.25 rag/0.02 ml sero-
tors on the early responsiveness of the tonin and 0.54 rag/0.02 ml histamine solu-
uterus to estrogen itself are also reported, tions. The 3.36% saline, similarly, was

considered the control solution for 1.0 rag/ --

METHODS AND MATERIALS 0.02 ml histamine.

It will be noted that 0•9% saline intro- C,_ou_
Adult female Sprague-Dawley rats, averaging duced by this route promoted a slight but

three months of age and approximately 250 gm significant degree of uterine edema when I 1in weight at the time of experiment, were used. ]
They were bilaterally ovariectomized 14 to 16 compared to uninjected uteri from castrate II

days before treatment. Administration of test controls (p < 0.001). The sham procedures III !
substances was under light ether anesthesia by involving the standardized degree of
intravenous [I.V.] (Roberts and Szego, 1947) or trauma but no transfer of fluid intralumi- IV

' by uterine intraluminal [I.L.] (Spaziani and nally also induced approximately the same
Szego, 195(.))routes as previously described. Con- degree of edema. The introduction of 1.8% V
centrations of histamine and of serotonin are or 3.36% saline I.L., on the other hand, led
expressed in terms of the free substances. The to restoration of uterine water levels to-

aqueous solutions were prepared from histamine ward the control value. Thus, the slight VI
dihydrochloride and serotonin creatinine sulfate? edema resulting from the trauma of uterine
As a departure from the preceding study, these
were partially neutralized (to pH 5.5 to 7.0) be- horn manipulation is unaffected by 0.9%
fore injection. The osmolarity of the resultant saline I.L. The injection of (hypertonic) - *Routes(
solutions was equivalent to that of 1.8% or of 1.8% and 3.36% salt solutions, however, ml/horn.
3.36% saline, respectively. NaCI solution of the counteracted the inflammatory process and bDeviation
appropriate concentration was used for control promoted a redistribution of fluid toward ,B.W. ffi t
injections. Heparin dosage is given in mg of normal. These solutions do not appear to I.V.- i
heparin sodium. Bilateral adrenalectomy was per- have this property unless "inflammation" I.L. =- i
formed when indicated just prior to parenteral is present. Thus, they did not depress initial Adrx. = 1
injections. Potential inhibitors were administered base lines (cf. Table 1, Group I). How-
immediatelybeforeestrogen.Tissuesampleswere versus II)
obtained under light ether anesthesia 4 or 24 hr ever, the 1.8% saline counteracted to a
aft,,r injof, li_n of to_t Mtlbatane_, Uterlno horn_ slight but significant degree the water ira- maximal

bibition due to intravenously administe,'ed • adminiitrl
: adrenals,

_ "LSD-25 (D-lysergic acid diethylamide), UML- estrogen (Table 2). It is concluded that :
"'. 491 (1-methyl D-lysergic acid butanolamide tar- control of osmolarity of intraluminally in- Ac'o

_ :. trate), and a portion of the serotonin creatinine jected test solutions is required. Table 2 ' _¢

sulfate used in these studies were the generous further reveals that 0.9% saline coupled Table :
gift of Mr. Harry Althouse of Sandoz Pharma- with intravenous estrogen treatment did
ceuticals, Sandoz Incorporated. not promote further edema (Group III _ 4 hr foil(

histamine



5-HT_ HISTAMINE AND EARLY UTERINE GROWTH 297

'or water content as
TABLE 1

INFLUENCE OF IN'rRALUbIINALLY 1NJECTED SALINE SOLUTIONS

(}N UTERINE WATER CONCENTRATION OF OVARIECTOMIZED RATS

Compared
Number with group

ION OF T_,ST Group Description animals % H20 • "l'" number

_NFLuFJNG_ _I Uniujected aontroIN 12 78.6 :t:0.19 ....
_ATIONS I] 0.9_, salinff' I1 80.6 ± 0.32 <0.00i ]

III Sham 5 81.6 ± 0.16 <0.001 I

hydration of in- IV 1.8_, salineb 7 79.7 :l:0.33 0.01 I0.05 II
of 0.9%, 1.8_ i <o.001 IlI

s were observed : v 3.36_ saliner' 6 79.7 ± 0.63 0.2 I
ne solution was
eriment because , Deviations shown are S.E._.
(0.305 M) to the ' Where indicated, solutions were administered intraluminally in the amount of 0.02 ml/horn.
g/0.02 nil sero-

TABLE 2
histamine solu- INFLUENCE OF UTERINE TRAUMA ON THE SUBSEQUENT

similarly, was WATER IMBIBITION RESPONSE TO ESTROGEN"

lion for 1.0 rag/
Compared

with

% saline intro- Number group
ted a slight but Group Description animals % H,O a "P" number

le edema when I Uninjeeted controls 12 78.6 ± 0.19 --
ri from castrate II Estradiol-17fl, 0.5#g/100 gm
ham procedures B.W._, I.V._ 9 85.2 ± 0.19 <0.001 I
ed degree of III Estradiol-17f_,0.5#g/100 gm
fluid intralunfi- B.W., I.V.; 0.(.)%saline 1.L._ 5 84.4 ± 0.31 >0.05, <0. I II
lately the saule IV Estradiol-17_, 0.5_g/100 gm

B.W., I.V.; sham I.L. 6 83.7 + 0.63 >0.3 IIl
luction of 1.8%, v • Estradiol-17_, 0.5_g/100 gm
other hand, led B.W., I.V.; adrx._; 0.9_
ater levelsto- salineI.L. 4 84.3±0.31 0.8 III
hus, the slight VI Estradiol-17B, 0.5_g/100 gm
.lllll& of uterine B.W., I.V.; 1.8_/_.saline I.L. 8 83.6 ± 0.23 >0.05, <0.1 Ill
_cted by 0.9% <0.001 II
f (hypertonic)

Routes of injection are as indicated in body of Table. Volumes of all I.L. injections constant at 0.02
ions, however, ml/horn.
ry process and bDeviations shown are S.E._.

f fluid toward _B.W. = body weight;
not appeal' to I.V. = intravenous injection_
'inflammation" 1.L. = intraluminal injection;
depress initial Adrx. = bilaterally adrenalectomized.

oup I). How-
teracted to a versus 1I)under conditions of apparently The influence of I.L. estradiol in the
the water ira- maximal water imbibition duc to estrogen equivalent of twice-normal saline is also
" administered administration, even in the absence of the shown, as are the effects of appropriate
oncluded that adrenals (Group V versus III). control solutions. Table 3 confirms the
_dunlinally in- earlier report that histamine can induce
ired. Table 2 ACUTE EFFECTS OF HISTAMINE, edema in the uterus of the adult ovariec-
;aline coupled SEROTONINAND HEPARIN tomized rat (Spaziani and Szego, 1959).
:reatment did Table 3 represents the results obtained The maximal hydration achieved by the

(Group III 4 hr following intraluminal application of 1 mg/horn dose was statistically signifi-
histamine, serotonin, and heparin solutions, cant when compared to the 3.36% (osmolar

_J
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TABLE3 _,:_
EFFECTS OF MAST CELL CONSTITUENTS ON UTERINE WATER CONCENTRATION li:

OF OVARIECTOMIZED RATS a i

ComparedNumber with group

Group Description animals % H_O b "P" number

I Uninjected controls 12 78.6 + 0.19 -- -- _.
II 1.8% saline 7 79.7 :t: 0.33 0.01 I ..... ,,

III 3.36% saline 6 79.7 _ 0.63 0.2 I _-'_' :" :_.
IV Histamine, l mg 16 83.3 +__0.40 <0.001 IIl _•*
V Histamine, 0.54 mg 4 82.0 _+0.26 <0.001 II

>o.ol,<0.02 IV _, i_VI Serotonin, 0.25 mg 19 84.4 +_0.38 <0.00l II
VII Scrotonin,0.1mg 7 83.1_+0.40 0.02 Vl t

VIII I[cparin, 3 Ing _ 5 79.9 _+0.67 0.8 iI

>0.8 III _-_-iIX Estradiol-17fl, 0.1pg d 3 83.3 -- --

All solutim s administered intraluminatly in the amount of 0.02 ml/horn. Dosages are indicated per horn. "_,_._
Devb_tions shown are S.E•_.
Molecular weight, hence osmolarity uncertain.

,t Final osmolarity ="_1.80_ saline.

equivalent) control• Likewise, 0.54rag his- capable of elieiting full-blown uterine _ "
t¢ :" :)

tamine/horn clearly stimulated uterine water and hyperemia responses in 21-day- [*{"%__:--(7water imbibition, old intact Sprague-Dawley animals•

Serotonin has similar estrogenicomimetie These data gain specificity from the _-* :
effects (Table 3). Its I.L. injection in the failure of heparin treatment (Group VIII). ....._, :_:

amount of 0.25 rag/horn yielded a statisti- to produce an alteration of the uterine _:_,'.: 7
cally siguificant increase in uterine hydra- water levels from control values. Nor was
tion (p < 0.001 versus its osniolar equiva- there noted any hyperemic response to the

lent control, Group II) At a dose of 0.1 topical administration of heparin. _'2"...
rag/horn the effect of serotonin was just : _'-
inframaxim,d; at half this dosage (not LATER EFFECTS OF HISTAMINE, SEROTONIN I_
shown in Table 3) there was definite evi- AND HEPARIN ?k--_"_._

dence of edema but at a reduced level. Fro.1. tt

•" Using the data in Table 3 as a rough guide It is of critical ilnportance to analysis of injections 2_
and converting to a molar basis, it may be the mechanism of action of the naturally- diol-17fl in
judged that serotonin was approximately occurring substances demonstrated to be minal epit|v
17 times more effective under these condi- estrogenicomimetic to determine whether occurrence ,

tions in promoting uterine water imbibition these niaterials resemble the later, as well
than was histamine, as the acute actions of the hormone. Thus, later witl

In the case of serotonin, as in the case of are evocation of hyperemia and increased numbers
histamine and of intraluminal estrogen, capillary permeability adequate to stimu- thelium a
uterine hyperemia was clearly evident 4 hr late the metabolic events required for sup- tivity. Tt'

after application, The time of onset of port of true growth of the target tissue in been ext,
vasodilatation in the response to these sub- terms of ultimate changes in structure and confirmed
stances was virtually instantaneous when composition? Preliminary experiments "_had Serotonin
they were at)plied under direct observation indicated (Spaziani and Szego, 1957) that evoking

intrauterine lfistamine application in the notwithsl

" : finet°thestreanl.mcsometrial surface in the form of a ovariectomized rat was associated 24 hr ' the initi
shifts in

In addition to their effects on adult, _The authors are indebted to Dr. John G.
ovariectomized rats, both histamine (1 mg Pierce and Dr. John D. Green for helpful advice luminal.
I.L.) and serotonin (0.25 mg I.L.) were in connection with these experiments, stimulah
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witllgroup _: _ _,__ _< _ _',
,,u.,b_r " _.....'J "'4 _ " . : 'C_

1 II I C _'w _II (.

ll-blown uterine :._, "':'_.._,'* :" "
)oases in 21-day- t'¢ ....":' *' ' _'" " _ £ i_ _ ..
y animals. _ " "
ifieity from the _. .,, , " - "
nt (Group VIII) !::L_- : _' _' :_

i

of the uterine _, "_g :
values. Nor was _, ,
eresponsetothe ¢ " L_ -

mparip. I' ,: t

,H._-_,S_.OTON_- }-C [d: a ':._." ,

ce to analysis of Fro. 1. Histologic appearance of uterine sections of ovariectomized rats receiving intraluminalimections 24 hr earlier. Fixation in neutralized formalin: hematoxylin-eosin stain (×440). a. Estra- i
ff the naturally- diol-17fl in the equivalent of 1£% saline, 0.1 ttg/0.02 ml/horn. Note prominent mitotic figures in lu- ,
onstrated to he minal epithelium, b. Histamine, 1 mg/horn, c, Serotonin, 0.25 rag/horn, d. Heparin, 3 mg/horn. Note
crlnine whether occur,'ence of mitotic activity in b and e but not in d.
he later, as well

hormone. Thus, later with the occurrence of substantial conditions (Fig. la). Heparin had no
a and increased mlmbers of mitoses in the hlminal epi- clearly discernible effect (Fig. ld) when
quate to stimu- thelium and an increase in glandular ac- compared with appropriate controls (Fig.

equired for sup- tivity. These findings, which have recently 2).
target tissue in been extended by Spaziani (1961), are

in structure and confirmed in the present study (Fig. lb). EFFECTS OF SEROTONINANTAGONISTS
xperiments a had Serotonin is relatively less effective in
ego, 1957) that evoking evidences of later uterine growth A limited number of studies has been
dication in the notwithstanding its activity in stimulating carried out on the capacity of serotonin
_sociated 24 hr the initial vasomotor effects and fluid inhibitors (Fig. 3)to modify the effective-

to Dr. John G. shifts in the target tissue (Fig. lc). Intra- ness of estrogen on early uterine growth.
for helpful advice luminal estrogen treatment invariably These studies are summarized in Tables 4
iments, stimulated mitotic activity_ ,ruder these and 5.
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" _ - ." _ _ Group

L , • ,'v.; ' ' _:* I Estradi

- . :_ II Estradi
_: "' - B.W

"<" " _ '" _ I.V.Y
• . ]¢ %_

'/,. :!"-' _' _ _ " " _l III Estrad..... "* B.W

f{ -,. ° " _, IV Estra(

- -" I.V

r ""_'_'_" V Estru,

. B.'_

-- I,¥

'_ -' VI Estra
"x B3

,[[ "_ " . .,Q: _" - _ , ..... VII Estrt,. _'<-" g -.7 *_ B.

"" - . '_ _ ...... '_ B.

Fla. 2. Histologm appearance of uterine sections of control ovariectomized rats. Fixation in neu- . Where adrem
tralized formalin; hematoxylin-eosin stain (×440). a. Untreated castrate, b. Animal sacrificed 24 hr in the text, inhib
after intraluminal injection of 0.02 ml/horn of 1.8% saline, e. Similar animal receiving 3.36% saline. _Deviations sl.

Note absence of mitotic activity in hmfinal epithelium. It_ maybe r

0 0 givenI.V.in

II / C2H5 II CI2H5 per animal, pof the respm
C N C -- NH--CH This inhibitic

l NC2H5 I 'CH20H tomy just pr

CH 3 CH 3 been anticipa
with this co

. roundlystre:
has been dm
tories, adre
duced by st_

•. : t t sensitivity
" H CH 3 overcomes t_

1948, 1953).
LYSERGIC ACID I-METHYL LYSERGIC ACID the rats re(

DIETHYLAMIDE BUTANOLAMIDE eline in bod
(LSD-25) (UML- 491)

Fro. 3. Structural formulas of serotonin inhibitors u_d to obtain data in Tables 4 and 5
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" ' _. TABLE 4

..... _-_ INFLUENCE OF INTRAVENOUSLY ADMINISTERED LSD-25 Am) UML-491 _"

,_ ON THR UTERINE WATER IMBIBITION RESPONSR TO ESTRADIOL-ITfl a

• Compared ', , " .'
• with t

Number group ""
.'_" _ i Group Description animals % H,O' 'T" number

i Estra(tiol-17_, 0.5,ug/100 gm

_' _ "." : _ lt,_V,_ I,V, l} 85.2 ::t: 0.19
_ " ) ! II Estra(liol-17/_, 0.5t_g/100 gm

_',,_ _ _ _ ._i B.x,V., I.V.; 1 mg LSD-25,

'_-"' "' _ I.V. 9 81.2 5:0.47 <0.001 I "

S m .... 4 III Estradiol-17_, 0.5_g/100 gm
B.W., I.V.; Img LSD-25,

,_, "_ ..,_
_" * _.-*, _"_'d I.V.; adrx. 8 83.4 + 0.50 0.01 II

0.01 (

IV Estr,_diol-17B, 0.St,g/100 gm

B.W., I.V.; 2 mg LSD-25,

I.V. 4 81.3 5:0.63 <0.001 I

V Estradiol-17B, 0.5/ag/100 gm
B.V¢., I.V.; 2 mg LSD-25,

I.V. ; adrx. 3 84.4 - -

VI Estradiol-17#, 0.5_g/100 gm

B.W., I.V.; 4 mg LSD-25,
I.V. 5 79.4 + 0.74 <0.001 I

0.1 II

VII Estradiol-17B, 0.5tJg/100 gm

B.W., I.V.; 4 mg LSD-25,

I.V.; adrx. 4 84.4 + 0.30 <0.001 VI
0.3 I

VIII Estradiol-17/_, 0.5t_g/100 gm
B._r., I.V.; 5 mg D'ML-491,
I.V. 3 84.5 -

_. Fixation in neu- , Where adrenalectomy is indicated, surgery was performed immediately prior to injections. As indic,tted

nal sacrificed 24 hr in the text, inhibitor was injected first., followed by estradiol. Routes of injection as indicated.
.iving 3_6% saline. _Deviations shown are 8.E.._.

It may be noted (Table 4) that LSD-25, An external source of heat was provided
given [.V. in a fixed dose of 1, 2, or 4 mg by infl'ared heating of the cage area• The
per animal, produced a striking depression rectal temper'ttures of animals so main-
of the response to estrogen (p <0.001). rained were between 37.5 and 39°C at

This inhibitionwasrelievedby adrenalec- autopsy.
tomy just prior to injection. Relief of the The likelihood that the depressive effect I
LSD-25 blockade by adrenalectomy lind of I.V. LSD-25 was attributable to gcner-
been anticipated after the first experiment alized stress rather than to specific block- ;
with this compound because of the pro- ade of a possible serotonin trigger for es-
foundly stressful effects of the drug. As trogen action is also supported by the
has bccn demonstrated from these labora- failure of I.V. UML-491'-' at five times the
tories, adrenocortical hyperactivity in- maximally effective LSD-25 dose to evoke

duced by stress or ACTH inhibits uterine any change in estrogen sensitivity (Table
sensitivity to estrogen. Adrenalectomy 4). UML-491, a powerful anti-serotonin
overcomes this effect (Szego and Roberts, (Doepfner and Cerletti, 1958) (lid not

) 1948, 1953). It also became apparent that evoke the behavioral effects seen with LSD. ;
the rats receiving LSD-25 suffered a de- Table 5 depicts the results of similar ex-
cline in body temperature (Rothlin, 1957). periments in which LSD was administered I

ties 4 and 5
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TABLE 5
INIeLUENCE OF INTRALUMINALLY ADMINISTERED LSD-25 ANn UML-491 the ovariectomizc

ON THE UTERINE WATER IMBIBITION RESPONSE TO ESTRADIOh-1718 a demonstrated wit

Compared the other band, xv
with capacity to induNumber group

Group Description animals % H_Ob "P" humber uterine responses

estrogen and by
I 0.9% saline IN.c; LSD-25, arises whether0.25mg 3 80.4 --

II Estradiol-17B, 0.5_g/100 gm estrogen action.
It might be c(B.W., I.V.; 1.8% saline I.L. 8 83.6 _+ 0.23 -

III Estradiol-17fl, 0.5_g/100 gm mcnts in which
B.W., I.V.; LSD-25, 0.25 mg tered intravenov
I.L. 8 83.4 + 0.3"-) 0.7 II tonin is not

IV Estradiol-17B, 0.5_g/100 gm estrogen action
B.W., I.V.; LSD-25, that adrenocol
0.4 mg _ I.L. 4 82.4 __.0 10 >0.01, <0.02 III responsible for

V Estradiol-17_, 0.5ttg/100 gm LSD under the._
B.W., I.V.; LSD-25, 2 mg _ It may be r,I.L. _ 82.3 + 0.40 >1).01, <0.02 II

VI Estradiol-lTB, 0.5_g/100 gm mines capable (

B.W., I.V.; LSD-'25, 2 mg e in the earlier
LL.; adrx. Ii 82.1 + 0.4(I 0.8 V intraluminally i

VII Estradiol-17B, 0.5_g/100 gm local concentra

B.W., I.V.; UML-491, 1959). When
0.1 mge I.L. 4 84.5 +0.13 <0.01 II conducted in t

, " Where adrenalectomy is indicated, surgery was performed immediately prior to injections. As indicated traluminally a(
in text, inhibitor was injected first, followedby estradiol or control saline. Volumes of all I.L. injections con- alectomy did
stant at 0.02 ml/eaeh horn• Dosages are indicated per horn. depressing actb

b Deviations shown are S.E.M. sensitivity (Te
• c Volume of I.V. saline was equivalent to that of estradiol in groups following (0.5 ml/100 g B.W.). local effectiven

Final osmolarity _ 1.8% saline, highly specific

intraluminally. By this route doses ranging of intrinsic histamine in mediation of acute dum and Han
from 0.4 mg to 2 rag/horn were effective hormonal stimulation of the target. The lated compoun
in antagonizing estrogen. It will be noted decline in endogenous uterine histamine the acute acti
that the intraluminal administration of 2 following estrogen administration to the horn I.L. (Tal

limitations thi
mg clearly depressed the uterine water castrate rat has received independent con- extended. As :_
level as compared to the controls (Group firmation (Shelesnyak, 1959). Histamine,
V versus II). However, the responses of serotonin, and heparin coexist in the mast has been mad,
the adrenalectomized animals receiving cell which undergoes degranulation under hibitors, som¢
this dosage were also depressed to the the influence of estrogen. Because of the under these c,

equivalent degree (Group V versus VI; likelihood of simultaneous discharge, from No simple (
p = 0.8). Thus, adrenaleetomy does not this or other sites of localization, of more interaction is
appear to protect estrogen sensitivity from than one of these substances on administra- antagonism o:

receptors, bu_LSD depression when the intraluminal tion of certain so-called "histamine re-
route is used. It will be noted from Table leasers" to the rat (Blmttacharya and 1958). Nor d(
5 (Ctroup VII) that UML-d91 at 0.1 rag/ Lewis, 1956; Halpcrn et al., 1957), it be- the demonsh
horn (the ut)per limit of dosage for reasons came important to extend the earlier in- of UML-491
of solubility) did not depress the estrogen- vestigations to the examination of the pos- rat paw (Doc"' thiseompoun
induced uterine water imbibition, sible capacity of serotonin and of heparin

' DISCUSSION to sinmlate estrogen action, dilator prop,uterus. Thus
The present experiments reveal that se- rule out the

Previous work from these laboratories rotonin is capable of reproducing some addition to
has implicated estrogen-induced liberation characteristic uterine effects of estrogen in induced uter
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ML-491 the ovariectolnized rat, as was previously It is conceivable, llowever, that if sere- _'
r,-I7_- demonstrated with histamine. Heparin, on tonin is demonstrated to play a physiologic

Comp_ tile other hand, was inert. Regardless of its role it may be one of support, in view of .!_
with

,_o,,p capacity to induce both early and later the fact that serotonin itself is capable of ".
"e" '_,m_, uterine responses akin to those elicited by inducing histamine release (Feldberg and

e,tro_cn and by hist,anline, the question Smith, 1953; Page and McCut)bin, 1956),
-- _ arises whether serotonin participates in thus auglnenttng the action of o_trogon in

estrogen action, this regard. Such a possibility is under
-- It might be concluded from the exl)eri- investigation, and gains some support from

mcnts in which inhit)itors were adminis- the relatively slnaller effect of serotonin
tcred intravenously (Table 4) that sere- than of llistamine on later evidences of

1).7 II tonin is not a likely concomitant of u_rinc stimulation associated with tree
estrogen action because the data revealed growth.
that adrenocortical hyperactivity was The limited number of controlled studies.01, <0.02 III
responsible for the inhibition seen with in the literature on the stimulatory influ-
LSD under these conditions, ence of locally instilled histamine on mor-

el, <o.o2 II It may be recalled that the antihista- phologic aspects of uterine growth has been
mines capable of blocking estrogen action cited in detail elsewhere (Spaziani and
in the earlier study were administered Szego, 1959). The present investigations, "

o.8 v intraluminally in order to per|nit adequate confirming and extending earlier observa-
local concentrations (Spaziani and Szego, tions from these and other laboratories

1959). When similar experiments were (Spaziani and Szego, 1957; Spaziani, 1961),
=0.ol II conducted in the present series with in- also reveal that histamine can indeed stim-
njections. As indicated traluminally administered LSD-25, adren- ulate epithelial mitotic activity in the
all I.L. injections con- alectomy did not protect against the uterus 24 hr after instillation. Moreover,

depressing action of this drug on estrogen serotonin was also effective by this crite-
sensitivity (Table 5). In contrast to the rion, but to a more limited degree than was

ml/m0 g B.W.). local effectiveness of LSD-25, which is a histamine. Although a five-fold dose differ-
highly specific serotonin antagonist (Gad- ence in estradiol-17 fl (0.02/_g/horn versus

mediation of acute dum and Hamecd, 1954), the closely re- 0.1 _g/horn) could be distinguished clearly
f the target. The fated compound, UML-491, did not block by differences in numbers of mitoses per
uterine histamine the acute actions of estrogen at 0.1 rag/ section, it was apparent that such histo-
inistration to the horn I.L. (Table 5). Because of solubility logic criteria are too gross for more than

independent con- linfitations this observation could not be semi-quantitative correlation. Indeed, the

1959). Histamine, extended. As yet, no comprehensive survey control tissues themselves, notwithstand-
oexist in the mast has been made of additional serotonin in- ing their generally atrophic character,
granulation under hibitors, some of which might flmction showed a rare mitotic figure in the surface
i. Because of the under these conditions, epithelium. Nevertheless, in keeping with
_s discharge, from No simple explanation of LSD-serotonin the capacity of histamine and scrotonin to
alization, of more interaction is sufficient, to account for the induce the acute hyperemia and edema
ces on administra- antagonism of serotonin by LSD at some which distinguish early uterine growth, the
d "histamine re- receptors, but not at other sites (Vogt, 24-hr sequelae of treatment with these
;hattacharya and 1958). Nor does it necessarily follow from substances include stimulation of mitotic
al., 1957), it be- the demonstrated anti-serotonin activity activity characteristic of the true growth

ld the earlier in- of UML-491 with respect to edema of the phase of estrogen action. It cannot be
:ration of the pos- rat p:_w (Doepfner and Cerletti, 1958) that determined whether simple inflamlnation
n a I of hcparin this compound would antagonize the vase- due to nonspecific irritants would lead to
)n. dilator properties of the amine in the similar effects, since their presence is ac-
ts reveal that se- uterus. Thus, these considerations do not compnnied by local histamine and possibly
'eproducing some rule out the participation of serotonin, in serotonin release. Moreover,:the possibility
cts of estrogen in addition to histamine, in early estrogen- is not excluded by the present study that

indnced uterine growth, bradykinin or a related peptide, having
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vasodilator and capillary permeability-in- the rat's paw by serotonin. Int. Arch. Allerg. SeAZIAN_,E. (1

creasing properties (cf. Croxatto and Bar- 12, 89-97. mones and h
nail, 1960), and released from specialized FELDBEaG,W., ANDSMITH, A. M. (1953). Release thelium. Fedof histamine by tryptamine and 5-hydroxytryp- SPAZL_NI,E.,
loci by many "histamine-releasers" (Gad- tamine. Brit. J. Pharmacol. 8, 406-411. lished data.
dum, 1959), may function along lines simi- GADDUM, J. H. (1959). "Pharmacology," 5th ed. SpAZI_NI, E.,
lar to those described for histamine and 587 pp. Oxford University Press, London and fluence of
serotonin in these and earlier investiga- NewYork. histamine o

tions. Thus, no firm conclusions can be GaDDUM,J. H., aND HAMEFD, K. A. (1954). Drugs crbtology 63
drawn from the above data regarding the which antagonize 5-hvdroxytrvptamine. Brit. J. SeAZIANI,E., a

• " den(:e for lal

closeness of association between stimula- Phcirmacol. 9, 240-248. stimulation
tion of the primary and of the secondary GOODMA.',',H. M., E_._STEL',', R., *N, RI_ct_a, I.

growth phases of the uterine response by (1957). The effects of Diamox on the uterine 713-723.
histalnine and serotonin. Indeed, some de- response of estrogen treated rats. Prec. Soc. SZE(_O,C. M.,

gree of dissociation has already been Exptl. Biol. Med. 96, 725-727.
HALPERN, n. N., LIACOPOULOS,P., AND Li^ooeOULOS-

indicated between the early hemodynamic- BaioT, M. (1957). Lib6ration de 5-hydroxytryp-
fluid redistribution effect and later struc- tamine chez le rat sous l'influence de substances
tural lnodifications of the target tissue histamino-lib6ratrices. Compt. rend. soc. biol.

(Szeg0 and Roberts, 1953; Goodman ct al,, l!il, 1692-1696,
1957). Apparently complete blockade by K_L_fAN, S. M. (19_5). Some studio_ on estrogens
cortisol of the acute inflammatory response and uterine permeability. J. Pharmacol. Exptl.
of the uterus to estrogen characterized by Therap. 115, 442-448.

hyperenaia and water imbibition did not, PEGs, I. H. (1958). Serotonitl (5_hydroxytryp-
prevent some degree of hypertrophy and famine); the last four years. Physiol. Revs. 38,
hyperplasia 20 hr after steroid treatment 277-335.PAGe,I. H., ann McCus_IN, J. W. (1956). Arterial
(Szego and Roberts, 1953). pressure response to infused serotonin in nor-

Fronl work in progress it remains to be motensive (logs, cats, hypertensive dogs and
seen whether the effects of histamine and man: Am. J. Physiol. 184, 265--270.
serotonin on metabolic processes other RXLEY,J. F., ANDWEST, G. B. (1953). The pres-
than those herein studied are also similar ence of histamine in tissue mast cells. J. Phys-

in direction to the influence of estrogen on iol. 120, 528-537.
the uterus. ' ROBERTS, S., AND SZEGO, C. M. (1947). The early

reduction in uterine response to alpha-estradiol
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