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Prolactin and estrogen are essential for de- and injected sc daily for 3 wk as follows: n
velopment and growth of mammary tumors Group i, controls, 0.1 ml saline--corn oil
in rats (1, 2). Treatments that result in in- emulsion/100 g body weight, ir
creased prolactin secretion accelerate growth Group 2, 2.5 mg pargyline 3 in 0.1 ml sa- b
of mammary tumors in rats, whereas treat- line/100 g body weight. IT
ments that depress prolactin secretion inhibit Group 3, 50 tLg haloperidol 4 in 0.1 ml corn
mammary tumor growth. Thus placement of oil/100 g body weight, p
bilateral lesions in the median eminence, Group 4', 0.5, 1 and 2 t_g LSD5 in 0.1 ml g
grafting of pituitaries underneath the kidney saline-corn oil emulsion/100 g body weight c
capsule, injections of reserpine or a mestranol- during the first, second and third weeks, re- tl
norethynodrelcombination,all of which in- spectively, il

_- crease prolactin secretion, hasten growth of Body weight, number of tumors per rat and ,a
carclnogen-induced mammary tumors in rats the largest diameter of each tumor (mea- t_
(1, 3, 4). Contrawise, administration of ergot sured by calipers) were recorded once weekly, n
drugs (5, 6), iproniazid (7) or l-dopa (8), Treatment with the drugs was terminated at tT
all of which depress prolactin secretion, re- the end of 3 wk and the same measurements
sult in inhibition of mammary tumor growth, were recorded for an additional 3 wk. All c
The present study assesses the effects of animals were housed in an air-conditioned t_
lysergic acid diethylamide (LSD) and par- room (75 ± 2°F), with 14 hr of artificial
gyline, both depressors of prolactin release light and 10 hr of darkness daily. The ani- c
(9, 10), and of haloperidol (11), a drug that mals were fed Wayne Lab Blox (Allied Mills, b
elevates serum prolactin, on growth of car- Chicago, IL) and tap water ad libitum. Sig- I
cinogen-induced mammary tumors in rats. nificance of difference between any 2 groups g

Materials and Methods. Sprague-Dawley was determined by Student's t test. ix
virgin female rats (Spartan Research Ani- Results. The effect of the different treat- a
mals, Haslett, MI), 55 days old, were in- ments on tumor growth and body weight are ! P

jected iv with a single dose of 5 mg of 7,12- shown in Table I. Mammary tumors in the i sl
dimethylbenzanthracene (DMBA) 2 dissolved control group showed a steady increase in a
in a fat emulsion. In our laboratory this pro- size and number during the treatment period, : t:
cedure results in development of mammary reaching 6.3 -4-0.8 cm in average tumor diam- _ 1
adenocarcinomas with an average latency pe- eter and 5 -+- 1.3 in average tumor number ! n

...... riod of 55-60 days (1, 2). About 10 wk after per rat by the end of the third Week of treat- : t
injection of DMBA, when each rat had at ment. By contrast, pargyline treatment com- ' n

: least one mammary tumor 1 cm in diameter, pletely inhibited tumor growth and caused .t

the rats were randomly divided into 4 groups a decrease in average tumor diameter (4.2 _ v
0.8 cm) and average tumor number (2.8 il

1Aided in part by NIH grants CA 10771 and + 0.4). There was no inhibition of tumor dAM 04784.

2-5We thank The Upjohn Co., Kalamazoo,MI for growth in the LSD-treated group during the _ il
• DMBA; Abbott Labs., North Chicago, IL, for pargy- first 2 wk of treatment, but during the third I

line; McNeil Laboratories, Inc., Fort Washington, week the dose of LSD was raised to 2 _g/100 : iJ
PA for haloperidoi; and Dr. T. Brody, Dept. of g body weight and no further increase was l_

: Pharmacology,Michigan State University, for LSD. observed in average tumor diameter or aver- d
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age tumor number. In contrast to the par- [_, _,,_,, ,_
gyline- and LSD-treated groups, there was [o6_ _ o6
marked stimulation of tumor growth in the 4141 4141

, haloperidol-treated group. Average tumor _ _
diameter increased to 12.2 +_ 3.2 cm and av-

erage tumor number reached 8.0 ± 1.4 by the
third week of treatment. None of the treat- _ _ _

ments had any marked effects on body 414141 41

weights by the end of 3 wk. Although a sig- _ _
nificant (p < .05) decrease in average body

oil weight occurred in the pargyline-treated rats

initially, most of the rats showed a gain in .=- _. _. ,,
sa- body weight during the last week of treat- _.o +1 41+1 +1

ment. _ _ _ _
= _ ei ,d O6

:orn Tumor growth during the posttreatment
period is shown in Table II. The control

ml group continued to show a progressive in- _ _ _ _ _
_ght crease in average tumor diameter and average _ +1 414141
re- tumor number similar to that observed dur- _ 4 ¢,i ,_ ,,;

ing the treatment period. By contrast, there
and was a complete reversal of the growth pat- _ _ _ ,:

lea- _ tern in the experimental groups, with a _ 4141 4141
kly. [ marked increasein both tumor diameter and _ _ ,_ _ ,¢

I at i tumor number in the rats previously treated
rots _ with pargyline or LSD, and only minimal in- _ -. _ *n.
All i creases in tumor growth in the rats previously ._ 414141 41

00 O C',I

ned treated with haloperidol. _ _ ,_ _ _i
cial i Figures 1 and 2 show average percentage o
_ni- _ changes in tumor diameter and tumor num- o=

ills, i ber per rat during and after the treatments. _ _. ¢_0oo
Sig- t In the control group there was an average t_ 41 41+1 +1

ups gain of 40.8% in tumor diameter and 42.3% _ _ _ _
in tumor number during the treatment period, .=

_at- and similar gains during the posttreatment < _ 0o
are period. Tumors in the pargyline-treated group _ _ _ _ _
the showed a loss of 30.8% in tumor diameter -_,, 41 4141 41

t<in and 26.7% in tumor number during the ¢3
iod, treatment period, but gained 132.4 and "d

am-_ 132.1%, respectively, during the posttreat- _, _ _ _
_ber ment period. Tumor diameter in the LSD- _ +141 41+1 ¢5

eat- treated group increased by 27.1% and tumor ,_ _ _
_m- number by 15.4% during the first 2 wk of _

tsed treatment period, but when the dose of LSD _ _" _ Q_ _ o
14.2 was raised to 2 gg/100 g of body weight dur- +1+1 4141 _ _

12.8 ing the third week it resulted in a 7% re- _ _ ,_ _ _
_or duction in tumor diameter and no further
the increasein tumornumber.On terminationof k3

fird LSD treatment, there was a gain of 108.8% _"
i00 in tumor diameter and 97.9% in tumor num-
was ber by the end of the 'third week: Tumor _ _

_er- diameter and tumor number in the haloperi- _
dol-treated group increased by 340.1 and " "
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255.4%, respectively, during the treatment
_ '_ _ period, but only by 7.0 and 18.39'o, respec-

41 414141 tively, during the posttreatment period.

_ _ Discussion. The present observations pro-
vide further evidence for the importance of

prolactin in mammary tumor growth in rats.
"_ _ Pargyline produced a significant reduction in

4141 4141 tumor size and tumor number. No new tu-

_ mors appeared during the course of treatment
with pargyline. It is possible that a more

, prolonged treatment with this drug would *-._

,, ,_ _ _ have led to even a greater decrease in tumor
,d ,..; ,.d oi

_, 41+14141 size and number. LSD in doses of 0.5 and 1
_g/lO0 g body weight was not effective in

_ _ _ _ reducing mammary tumor growth, but when
the dose was raised to 2 t_g/100 g body weight

-= -= _ _ there was a decrease in tumor size and tumor
414141 41 number. Inasmuch as rats are relatively re-

_" ,_ _ _ a; sistant to the actions of LSD (12), it is pos-
= sible that higherdoseswouldhave beeneven-r.

.: ._ d _ more effective in reducing tumor growth.
_. 41 4141 41 Haloperidol produced a remarkable increase
O O oo oe) x_

" 4 _ _ in tumor size (greater than 300%) and tumor r
" number (about 260%). Haloperidol was re- i

_ _ _ _ ported to greatly increase prolactin release
41+141 41 (11) and to stimulate mammary lobuloalveo- amin,
o oo_ o lar growth and induce a prolonged state of raise,_ ei_ a6

,X diestrus in rats (13). an el

It is of interest that after treatment with. conce
= ,_ ® _ _ these drugs was terminated, the rats pre- corni;

+1+1+1 +l viously given pargyline and LSD showed a thala_
< ., _ooo - pronounced acceleration in growth of mam- direcl

mary tumors that exceeded that of the con- relea_,
trois. This is believed to reflect the removal able

.: .: = _-i of inhibition to prolactin secretion. On the i and t
41 41+1+1 other hand, the rats formerly given haloperi- Su_

o _ _ _ _ dol showed a marked reduction in tumor mgp_
o. growththat was belowthat of the controls. _ comp
= _ _ _ _ This undoubtedly reflects the removal of the duced

4141 4141 stimulus to prolactin secretion by haloperidol. daily
.......... < _ i-: _ _ Pargyline and haloperidol are believed to rapid

t-, influence prolactin release by altering cate- dence
• *n._. _. cholamine activity in the hypothalamus, and
4141+1 +1 _ thereby increasing or decreasing release of termi_
_. _. _. _ _ prolactin release inhibiting factor (PIF) into , there

the hypothalamo-pituitary portal vessels (10, growt
= 11). Pargyline is a monoamine oxidase in- A ra[o*

hibitor and therefore inhibits metabolism of Occur_

"_ ÷1 catecholamines (12), increases hypothalamic gylim
_ PIF levels and reduces serum prolactin con- of tu

} '"' _ _ centratmn (10). Haloperidol is a butyrophe- previ(
_ " none that blocks the actions of catechol-
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ase F_cs. 1 and 2. Effects of pargyline, LSD, and haloperidol on growth of DMBA-induced roam-

nor mary tumors in female rats: [1, (left)] av % change in tumor diameter; [2 (right)l av % change
re- in tumor number.
ase

eo- amines, reduces hypothalamic PIF levels and pargyline, LSD and haloperidol on mammary
of raises serum prolactin values (11). LSD is tumor growth are believed to reflect the

an ergot drug that reduces serum prolactin changes produced by these drugs on pituitary .
4th concentration (9). Ergot drugs such as ergo- prolactin release. Pargyline and LSD decrease
_re- cornine have been found to act on the hypo- serum prolactin levels whereas haloperidol in-
t a thalamus to increase PIF levels, and also act creases serum prolactin values. The present
tm- directly on the pituitary to inhibit prolactin study provides further evidence that prolac-
on- release (14, 15). Many drugs now are avail- tin is essential for growth of DMBA-induced
,val able to increase or decrease prolactin release mammary cancers in rats.
the and thereby alter mammary tumor growth.
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=lol. daily treatment with haloperidol resulted in J. Nat. Cancer Inst. 41, 465 (1968).
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aus, and number compared to the controls. On 5. Cassell, E., MeRes, J., and Welsch, C. W., Can-

of termination of treatment with the 3 drugs, cer Res. 31, 1051 (1971).
into there was a complete reversal of the tumor 6. Quadri, S. K., and Meites, J., Proc. Soc. Exp.

',10, growth patterns observed during treatment. Biol. Med. 138, 999 (1971).
7. Nagasawa, H., and Meites, J., Proc. Soc. Exp.

in- A rapid increase in tumor size and number Biol. Med. 135, 469 (1970).I of
mic occurred in the groups previously given par- 8. MeRes, J., Lu, K. H., Wuttke, W., Welsch, C.

gyline and LSD, but a marked retardation w., Nagasawa, H., and Quadri, S. K., in "Recent
:on- of tumor growth was observed in the rats Progress in Hormone Research," Vol. 28, p. 471.)he-
hol- previously given haloperidol. These effects of AcademicPress, New York (1972).
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11. Dickerman,S., Clark, J'., Dickerman, E., and crinology88, 737 (.1971).
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12. Jarvik, M. E., in "The PharmacologicalBasis crinology89, 229 (1971).

of T'_erapeutles"(L. S. Goodmanand A. Gilman, _ --
eds.), 4th ed., p. 196. Macmillan Co., New York Received Sept. I, 1972. P.S.E.B.M_ 1973, VoL 142.

Wit
virus
have
ties t]
strain,

Type
the ir
c]inico
tions
found

i genita:
. 2 with

' cludinl
antigeJ
is sub1

by con
ods (_
logic t
althoul
identif

erty o
sensiti,
polyan
inhibit

type t
took t(

polyan
fically
show d

Mat,

monke:
L-15 r
calf se:

assay q
flasks ,

Viru
logical]
Emory
ductiol


