
after sufficiently large doses by a fall in posi- 
tive intermediary potential. Since the en- 
hancement correlates well with changes in 
blood pressure i t  is prolbably secondary to 
cardiovascular changes. The depression. 
however, would appear to be due to an action 
of the drug directly on the spinal cord since 
it was not correlated with alterations in blood 
pressure. Furthermore, it would not appear 
to be due to an action of the drug higher in 
the neuraxis since it was found in both de- 
cerebrate and decerebrate-spinal cats. 

The inhibitory action of chlorpromazine 
on the positive intermediary potential de- 
scribed here probably does not account for 
the depression of spinal reflexes described 
previously (3,4,5,6). The reason for this 
conclusion is 2-(fold. First, the dose of chlor- 
proniazine necessary to inhibit the positive in- 
termediary potential is much greater than 
that required to inhibit the spinal reflex. 
Second, whereas the reticular formation 
would appear to be necessary for the actions 
of chlorpromazine on spinal reflexes it would 
not appear to be necessary for the actions of 
chlorpromazine described here. 

The observations reported here may es- 
plain those of DeMaar et aZ.(8) that chlor- 
promazine inhibits activation of the reticular 
formation by stimulation of the sciatic nerve. 
This correlation would be based on the rela- 
tion between the positive intermediary poten- 
tial and excitability of the spinal cord( 1 . lo) 
and the fact that the dose of chlorpromazine 
required to depress the positive intermediary 
potential is approximately that required to 
inhibit activation of the reticular formation. 
Obviously, these data do not preclude the ex- 
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istence of chlorpromazine action higher in 
the neuraxis, or that such action may better 
explain DeMaar et aL’s observations. On 
the other hand, even if  this is the case, the 
action of chlorpromazine on a spinal level 
may indicate the mechanism of its action 
higher in the neuraxis. 

Summary. It was found that intravenous 
injection 04 chlorpromazine produces an ini- 
tial brief period of enhancement of the p i -  
tive intermediary potential of the cat’s spinal 
cord. This is followed by a prolonged pe- 
riod of depression of the positive intermedi- 
ary potential. The period of enhancement 
is prob.ably associated with alterations in 
blood pressure. The period of depression 
would appear to be due to a direct action of 
chlorpromazine on the spinal cord. 
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Antidiuresis has heen relm-tetl to follow ‘I’he reports have suggested that, subsequent 
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to administration of these agents, secretion of 
antidiuretic hormone ( ADH) is stimulated, 
thus causing decreased urine flow. When res- 
erpine is administered in small doses in 
treatment of hypertension and more mas- 
sively in treatment of psychoses, fluid reten- 
tion, with or without edema, sometimes de- 
velops( 5-7). 

Animals treated with reserpine excrete a 
large quantity of the serotonin metabolite, 5- 
hydroxy-indolyl acetic acid (5-HTAA) . The 
brain and other body stores af such animals 
become depleted of their serotonin content. 
The serotonin-releasing activity is confined 
exclusively to rauwolfia alkaloids with tran- 
quilizing action (8). This indicates that the 
release of serotonin might be responsible for 
the primary pharmacological properties of 
reserpine and rauwolfia alkaloids. Indeed, 
serotonin has a strong antidiuretic effect on 
hydrated dogs (9), and rats ( 10, l l ) .  

The purpose of the present study was to 
investigate which mechanism of action pre- 
dominated in effecting reserpine-antidiuresis- 
ADH-release or serotonin depletion. The ex- 
periments described were designed to com- 
pare the patterns of ureter renal flow, and of 
sodium, potassium, chlorides and 5-HIAA uri- 
nary excretion in anesthetized hydrated dogs 
after i.v. injection of reserpine, serotonin, an- 
tidiuretic hormone, and solvent. 

Materials and methods. Twelve male 
dogs, weighing 6-10 kg, were divided into 4 
equal groups. The animals were anesthe- 
tized with 30 mg/kg sodium pentoblarbital in- 
jected intraperitoneally and hydrated with 
10 mljkg body weight of water through a 
stomach tube followed by tracheotomy and 
cannulation. Laparotomy was performed, 
and both ureters were catheterized with p l y -  
ethylene tubes into graduated cylinders. 
After preparation of a femoral vein each 
group of 3 dogs received 0.5 mg/kg reser- 
pine;t 2 mg/kg serotonin;$ 2 u/kg anti- 

t Reserpine as injectable solution and as alkaloid 
was generously supplied by Teva, Middle East 
Pharm. & Chem. Works, Jerusalem. 

t Serotonin as serotonin creatinine sulphate was 
generously supplied by the Research Labs., Upjohn 
Co., Kalamazoo, Mich. 

diuretic hormone.+ or reserpine solvent 11. Tm- 
mediately thereafter, a second water load of 
20 mi water/kg body weight was given. 
Starting one hour after the injection, urine 
was collected for 5 hours in graduated cylin- 
ders, and at  houly intervals measured, then 
analysed ,for Na', K+, C1-, and 5-HIAA. A 
mixture of 25 ml glacial acetic acid: and 3 
ml toluol was added to each urine sample 
(2.5/100 ml) and the urine preserved at 
+4OC for 18 hours when the analysis of 
5-HIAA was carried out. 

Sodium and potassium determination was 
carried out by flame photometry according to 
the internal standard method( 1 2 ) ,  chlorides 
according to the method of Scribner (13), and 
5-HIAA according to that of Udenfriend et 
al. ( 14). 

Results. The effect olf reserpine, serotonin, 
antidiuretic hormone, and solvent on urine 
flow during water diuresis in dogs is shown 
in Table I. Data showing urinary electro- 
lyte, chlorides and 5-HIAA excretion after 
injection of reserpine, serotonin, ADH and 
solvent respectively are presented in Table 
11. Reserpine gave a pattern similar to that 
of serotonin: lower Na' and C1-, and higher 
K' and 5-HIAA, but different from that of 
ADH: higher Na' and C1-, lower K' and 5- 
HIAA (Fig. 1 ) .  

Discussion. The mechanism of the endo- 
crine side-effects of reserpine has been attrib- 
uted to its interference with the functions of 
the anterior and posterior lobes of the pitui- 
tary. These side-effects are generally as- 
cribed to its depressing action on the hypo- 
thalamus ( 15-1 7). 

While the present experiments were per- 
formed in dogs under anesthesia with pento- 
barbital sodium, which has itself an anti- 
diuretic effect, a parallel experiment was run 
in unanesthetized adult male rats. These ex- 
periments showed that the barbiturate does 
not interfere with the results obtained in re- 
gard to antidiuresis as well as to the patterns 

9 Antidiuretic hormone used was commercial Pit- 
ressin of Parke, Davis & Co., Detroit, Mich. 

11 Reserpine solvent: benzylalcohol 2 ml, anhy- 
drous citric acid 250 mg, polysorbate '80' 10 mi, 
water for injection to 100 ml. 
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o f  S a  , K ' ?  Cl and 5-HIA:l urinary excre- 
tion. 

I>espite past indications that reserpine in- 
terferes with normal endocrine activity, our 
results clearly seem to contradict the hypo- 
thesis of stimulated ADH secretion (2,3 ). I n 
our view antidiuresis results from the action 
of serotonin depleted from body stores after 
reserpine administration. 

CONTROL RESERPINE SEROTONIN A D H 

FTt;. 1 .  I)ingr:iiit of cbscrt4iou of urjii;Lry electro- 
lytes, chlorides, and 6-tiydrosy-iiitlolyl acetic acid 
( 5 H 1  h.4 ) after intrav. inj. of reserpine, serotonin, 
A D H ,  :11icl solvent to anesthetized dogs. (Control =L 

loo%.) 

Summary. The urinary excretion of elec- 
trolytes, chlorides and 5-HIAA after admin- 
istration of either reserpine or serotonin in 
dogs was found to be closely similar in pat- 
tern: lower Na' and C1-, and higher K' and 
5-hydroxy-indolyl acetic acid. ADH admin- 
istration, on the other hand, resulted in a dif- 
ferent pattern: higher Na" and C1-, and lower 
K +  and 5-HIAA. This suggests that the an- 
tidiuretic action of reserpine is due to release 
of serotonin, depleted 4rom body stores, and 
nut to release af ADH. 

Our thanks are due to Mr. E. Zawojski for de- 
\.oted technical assistance. 

1. Smith, H. W., The Kidney, Oxford Univ. Press, 
S. Y., 1951. 

2. Gaunt, R., Renzi, A. A., Antonchak, N., Miller, 
G. J., Gilman, M., Ann. N. Y .  Acad. Sci., 1954, v59, 
2 2 .  
3. Bertdli, A., Boll. della SOC. Ital. di Biol. Speri- 

rriuntale, 1956, vXXXII, 826. 
4. Kovacs, K., Kovacs, G. S., Kovacs, B. M., 

Petri, G., Arch. Znt. Pharmacodyn., 1957, v109, 1. 
5. Huchteman, K., Pflugfelder, G., Schweiz. Med.  

Wchnschr., 1955, v85, 627. 
6. Krcgsgaard, A. R., Acta med. Scand., 1956, 

v164, 41. 
7. Marley, E., Pare, C. M. B., Brit. Med.  J . ,  1956, 

vl, 267. 



NONHOMOLOGOUS MOUSE DWARF MUTANTS 35 

8. Shore, P. A., Plctscher, A., Tomich, E. G., 
Carlsson, A., Kuntgman, K., Rrodie, R .  B., Ann. 
N .  Y .  Acad. Sci., 1957, $766, 609. 

9. Sala, G., Castegnaro, I<., PRW. So(.. Kxu. H~or.. 

10. Erspamer, V., Ottolenghi. h., i1rc.h. Znt.  Pkar- 
macodyn., 1953, v93, 177. 

11. Esrpamer, V., Correale, P., ibid, 1955, v101, 
99. 

12. Mosher, R. E., Boyle, A. J., Bird, E. J., Jacob- 
son, S. D., Batchelor, T. M., Iseri, L. T., Myers, 

AND MEL)., 195.5, V82, 621. 

G .  B., Am. J .  Clin. Path., 1949, v19, 461. 

1950, v25, 209. 

Hiol. C'hem., 1955, v216, 490. 

P H ~ c .  SW. Exe, H ~ o L .  AND Mm., 1960, ~10.5, 201. 

13. Scrihner, H. H., Proc. Staff Meet .  M a y o  ["linic, 

14. Udenfriend, S . ,  Titus, E., Weisshach, H., 1. 

15. Khazan, N., Sulrnan, F. G., Winnik, H. %., 

16. - , ibid., 1961, v106, 579. 
17. Khazan, N., Sulman, F. G., ibid., in press, 

P.S.E.B.M., 1962, v109. 
1961, v107, 282. 

Received July 6, 1961. 

Responses of the Snell Dwarf Mouse to Pituitary Tissue from a Bovine 
Dwarf Mutant." (27096) 

F. D. CARROLL AND P. W. GREGORY 
University of California, Davis 

Numerous distinct dwad mutants of cattle 
and mice have been reported. The compara- 
tive genetic and biological nature of the mu- 
tants in the 2 species are of considerable in- 
terest and biological importance, including 
the problem of genetic homology. This re- 
p r t  concerns an attempt to establish possible 
relationship, or lack of relationship, between 
a dwarf mutant from each of the 2 species. 
The study concerns pituitary extract made 
from a specific type of achondrQplastic bovine 
dwarf mutant injected into a specific type of 
thyroid-pituitary deficient mouse mutant. 
The response may also reveal specific infor- 
mation on the physiological nature of both 
the donor and recipient mutants. 

The general morphelolgical characteristics 
of the bovine mutant that provided the pitui- 
taries have been described( 1?2) ; it is subnor- 
mal in size and belongs to an achondroplastic 
complex. In this laboratory it is called the 
brachysephalic dwarf (3 4). All components 
of the complex exhibit lesions af achondro- 
plasia in the axial and/or the appendicular 
skeleton ( 5,6) .  In the brachycephalic dwarf 
the pituitary-thyroid axis is reported to be 

*This investigation was conducted under Cali- 
fornia Experiment Station Project 1451 in cooper- 
ation with the U.S.D.A. and the State Experiment 
Stations under Western Regional Project W-1; also 
supported in part by U.S.P.H.S. grant. 

normal ( 7 )  ; growth, gonadotropic, and 
AClTH hormone activity in the pituitary tis- 
sue are reported to be normal or nearly nor- 
mal (8,26) ; sensitivity to insulin is greater 
than in normal catle(27) ; but there is dis- 
agreement about whether the pituitary tissue 
is ddicient in thyrotropic hormone activity 
(7,8,10). Limited work indicates body 
weight increases( 9), but not skeletal grcnvth, 
in response to hormone therapy such as stil- 
bestrd, testosterone, thyroprotein, and com- 
binations of these. The mouse mutant used 
is a recessive dwarf ( 1 1,12) and suffers from 
a thyroid-pituitary deficiency( 13,14,15,16,17, 
18,19,20,21). In being quite sensitive to in- 
sulin(28), it is similar to the bovine dwarf 
(27). Although the pituitary has high con- 
centrations of gonadotropic hormones, its 
growth hormone activity is difficult to detect 
(14,lS). 

Materials and methods. Pituitary glands 
*from normal and dwarf cattle, predominantly 
of the Hereford breed, were collected within 
15 to 20 minutes of slaughter and placed in 
vacuum bottles containing dry ice. Glands 
from the 2 stocks were kept separate, and 2 
extracts were prepared, one from the dwarfs 
and one from normal cattle. Before the pi- 
tuitaries were macerated, the capsules were 
removed and the glands weighed. They were 
then sliced into several pieces, placed in a 


