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nalectomy, bilateral adrendectomy or uni- 
lateral adrenalectomy and contralateral adre- 
nal enucleation and given 1% sodium chloride 
solution to drink. Their response to the daily 
administration of 1100 pg  of d-aldostme 
acetate was compared. Hormone-treated or 
adrenal enucleated rats both developed hyper- 
tension at about the same rate and with a 
comparable incidence and severity, and in 
this respect the two influences were not ad- 
ditive. In contrast to adrenal enucleation, 
aldosterone treatment caused impairment of 
growth and thymus involution. Thymus 
glands of aldwterone-treated bilaterally ad- 
renalectomized rats were nonetheless larger 
than those of untreated enucleated rats. Al- 
though ,adrenal enucleation induced saline 
polydipsia and caused kidney enlargement, 
both responses were significantly greater in 
hormme-treated rats. The implication of these 
findings with respect to the role which en- 
dogenous aldosterone hypersecretion has 
been suspected of playing in the genesis od 
adrenal-regeneration hypertension is cun- 
sidered. 
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Effect of Hydrochlorothiazide on Preference Threshold of Rats 
for NaCl Solutions." (32281) 

MELVIN J. FREGLY 
Department o j Physiology, University of Florida, College of Medicine, Gainesville 

During an earlier study in which the diu- 
retic agent, hydrwhlolrothiazide (HCZ) , was 
admiinis t'ered chronically to rats with p 6  t- 
desoxycoirticwterone acetate (DCA) -inlduced 
hypertension, the impression was gained that 
HCZ increased 'the NaCl intake of these rats 
above that of controls given DCA alone. The 
experiments reported here were wr ied  out 
to verify this observation and to study it in 

* Suppoil.ted by IGr,ant AM107712-01 from Nat. Inst. 
of Avthritis & Metab. ais., Nat. Inst. HmAth. 

more detail. Both the timle course for d'evel- 
opment od the NaCl appetite after HCZ ad- 
ministration and the effect of this diuretic 
agent on preference (taste) threshold for 
NaCl solution were studied and are described 
below. 

Methods. Experiment 1. Eflect of chronic 
administration of HCZ on spontaneous NaCl 
intake by  rats. Eighteen male rats of the Car- 
worth CFN strain weighing 420 to 460 g were 
kept in individual cages in a therrnoregulated 
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(26 t 1°C) room which was illuminated 
from 8 A.M. to 6 P.M. The rats were divided 
into 3 equal groups. All rats were given finely 
powdered Rockland Rat Diet in spillproof 
feeders( 1). Group 1 served as control while 
Groups 2 and 3 received the same food con- 
taining 0.3 and 0.6 g HCZJkg respectively. All 
rats were given tap water to drink except 
during weeks 2 and 6, when choice was offered 
between tap water and 0.15 M NaCl solution. 
Intakes of water, NaCl solution and food 
were measured daily during these periods. The 
fluid containers were infant nursing bottles 
with cast aluminum drinking fountains as 
described by Lazarow ( 2 ) . 

A second, different group of 18 male rats 
of the Canvorth CFN strain weighing 400 
to 470 g were maintained under conditions 
identical to those described above (Exp. 1B). 
The rats were also divided into 3 equal 
groups. Again, Group 1 served as control 
while Groups 2 and 3 received 0.3 and 0.6 g 
HCZ/kg food respectively. All rats were given 
tap water to drink until the 8th week of drug 
treatment a t  which time each rat was given 
choice between tap water and 0.15 M NaCl 
solution to drink. Intakes of water, NaCl 
solution and food were measured daily. 

The intakes of the groups in both experi- 
ments were compared by an analysis of 
variance using orthogonal comparisons be- 
tween groups (3 ) . 

Experiment 2. Effect of acute adminis- 
tration of HCZ on spontaneous NaCl intake 
by  rats. Twenty male rats of the Canvorth 
CFN strain weighing 350 to 425 g were used. 
The animals were maintained in individual 
cages under conditions identical to those 
described in Experiment 1. The rats were al- 
lowed 3 days to adjust to experimental con- 
ditions after which daily measurement of 
water, 0.15 M NaCl solution and food intakes 
began for 4 days. The rats were divided 
randomly into 4 equal groups and at the end 
of the 4th day Group 1 served as control; 
Group 2 received 0.1 g HCZJkg food ; Groups 
3 and 4 received 0.3 and 0.6 g HCZ/kg food 
respectively. Measurements of intakes con- 
tinued daily for an additional 4 days. 

Intakes 'of the groups were compared be- 
fore and after drug treatment by means of an 

analysis od covariance using the Biomed Se- 
ries program BMD04V and the IBM 7109 
computer. 

Experiment 3. Effect of HCZ on preference 
threshold of rats for NaCl solution. Ten male 
rats of the Carworth CFE strain weighing 360 
to 425 g were used. They were maintained 
under conditions identical to those described 
in Experiment 1. Five of the rats received 
HCZ in food at  0.6 g/kg for 4 months prior to 
beginning the experiment. The remaining 5 
animals received the same diet without HCZ. 
Tap water and food were available ad libitum 
during the 4-month period. At the beginning 
of the experiment the rats were caged in- 
dividually and given choice between two 
bottles each containing distilled water. The 
fluid and f d  containers were the same as 
those described in Experiment 1. The food 
was finely powdered Rockland Rat Diet. One 
week was allowed for adjustment to the cages 
and bottles. During this time intakes were 
measured daily to ascertain that each rat 
drank roughly equal amounts from each 
bottle. Positions of the 2 bottles on each 
cage were interchanged daily to avoid habit 
formation in selection of drinking fluid. At the 
end of this period, 2-day test periods were 
begun. During the first test period, each rat 
was offered choice between 2 bottles of dis- 
tilled water. During the second test period, 
choice was offered between distilled water 
(bottle A) and 0.0003 M NaCl solution 
(bottle B). All NaCl solutions used were 
made from a concentrated stock NaCl solution 
by serial dilution. Each dilution was. checked 
for accuracy by determination of chloride 
concentration (4).  During subsequent 2-day 
periods, each rat was given choice bletween 
distilled water and the following molar NaCl 
solutions in chronological sequence: 0.0006, 
0.001, 0.W3, 0.006, 0.009, 0.012, 0.015, 0.018, 
0.025, 0.050, 0.075, 0.100, and 0.150. Daily 
intakes of water and NaCl solutions were 
measured and expressed as m l / l O O  g body 
weightjday to correct for differences in body 
weight. 

The criterion of preference threshold used 
was similar to that of Richter( 5)  : namely, the 
concentration, of NaCl solutioln at and above 
which simultaneous mean volume taken 
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TABLE I. Effect of Dietary Administration of Hydrochlorothiazide on Spontaneous Intakes of 0.15 M 
NaCl Solution, Water and Food by Rats. 

Mean Intakes (ml o'r g/100 g body wt/day) of: Ratio of 
No. of body wt .15 M NaCl/total 

rats (g) NaCl soh.  Water Total fluid Food fluid ingested 

Experiment 1 A 
2 wk of drug treatment 

Oontrol 
Hydrochlorothiazide 

(.3 g/kg diet) 
Hydrochlorothiazide 

(.6 g/kg diet) 
6 wk of drug treatment 

Control 
Hydrochlorothiazide 

Hydrochlorothiazide 
(.3 g/kg diet) 

(.6 g/kg diet) 
Experiment 1 B 

Control 
Hydrochlorothiazide 

Hydrochlorothiazide 
(.3 g/kg diet) 

(.6 g/kg diet) 

470 6.0 2 .6* 3.8 -+ .3 9.8 k .7 5.6 -I- .2 .61 2 .02 
452 11.0 -1- 1.9t 4.0 -+ 1.3 15.0 2 1.7t 5.5 2 .1 .67 k .I3 

457 11.9 2 1.7t 3.1 -e 1.3 15.0 f. 1.7t 5.7 2 .I .75 -1- .I2 

490 5.7 2 .8 3.8 .5 9.5 2 .7 4.9 & .2 .60 2 .06 
485 11.4 2 1.84 3.2 k 1.0 14.6 -+ 1.64 5.4 t: .1 .73 2 .11 

478 9.8 2 1.3t 2.8 -+ 1.3 12.7 2 1.3t 5.4 -c .1 .73 2 .13 

457 4.8 2 1.6 3.5 .5 8.3 2 1.4 4.4 -F- .2 .56 2 .07 
432 11.7 k 1.9$ 1.4 & .3t 13.1 k 1..7t 4.5 & .2 .87 2 .04$ 

427 11.9 2.14 2.5 .6 14.4 k 2.8 4.7 & .1 .79 2 .O6t 

* Standard error of mean. 
t Significantly different from control (P <.0.5). 
$ Significantly different from control (P <.01). 

from the test bottle exceeded that taken from 
the reference (water) bottle. To determine 
the preference threshold concentration, simul- 
taneous intakes of distilled water and NaCl 
solution were graphed for each individual rat. 
The concentration at which NaCl intake in- 
creased and remained elevated, while water 
intake decreased and remained low (cross- 
over concentration) was then determined. In- 
dividual data for rats in each group were 
averaged and the means were compared sta- 
tistically using a t test (3 ) .  

Results. Experiment 1. Administration of 
HCZ folr 2 to 8 weeks increased significantly 
spontaneous salt intake when choice was of- 
fered between water and 0.15 M NaCl solu- 
tion to drink (Table I). Neither water nor 
fwd intake was consistently affected by treat- 
ment. Holwever, total fluid intake (water + 
0.15 M NaCl solution) increased. The ratio 
of NaCl ingested to total fluid ingested in- 
creased on the average with drug treatment 
but was signlificantly grea.ter than the control 
ratio only after 8 weeks of treatment (Table 
I>.  

Experiment 2. Acute administration off HCZ 

$ Eight weeks of drug treatment. 

also increased significantly spontaneous intake 
of NaCl solution but failed to affect either 
water or food intake (Table 11). The increase 
in intake of NaCl solution occurred with dl 
doses of HCZ used and did not appear to1 be 
dose-dependent within this range of doses. It 
may be noted that intake of NaCl solution by 
the control group increased during the treat- 
ment period. No reason can ble advanced for 
this although its occurrence made ilt important 
to compare all results by an analysis od 
covariance. The ratio of intake of NaCl soh- 
tion to btal fluid was increased significantly 
by drug treatment. The results of this experi- 
ment are in accord with those of Experiment 1 
obtained after chronic administration of HCZ. 

Experiment 3. Using the mean cross-over 
concentratioa as the criterion, H'CZ-treated 
rats detected the difference between water and 
NaCl solutim when the latter was 0.012 M 
while controls detected the difference bletween 
the two when the NaCl concentration was 
0.1050 M (Fig. 1). Thus, the preference 
threshold of HCZ-treated rats lies bletween 
0.009 and 0.0112 M while that of control rats 
lies between 0.025 and 0.050 M. If the cross- 
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TABLE 11. Effect of Hydrochlorothiazide on Spontaneous Intakes of 0.15M NaCl Solution, 
Water and Food by Rats. 

Intakes during control period 
(ml or g/lM g BW/day) 

Intakes during treatment period 
(ml or g/100 g BW/day) 

.15M NaCl .15M NaCl 
Water NaClsoln. /total Food Water NaCl soln. /total Food 

.trol 5.5 3.9 .36 4.9 5.0 6.1 .53 4.5 
m z h g  fypa 5.0 3.8 .36 4.6 2.1 11.7 .84 3.9 
HCZ/kg 4.2 3.9 .46 4.8 1.8 11.9 .87 4.7 
HCZ/kg " 6.0 3 .O .31 5.0 2.8 9.4 .76 4.5 

Analysis of covariance 

Source df MSS F P MSS F P MSS P P MSS F P 
Water .15 M NaCl solution NaCl/total Food 

~~~~~~ ~~ 

Treatment 3 6.07 2.47 >.05 31.55 4.04 <.05 .099 3.54 <.05 .47 .59 >.05 
Error 16 2.46 7.81 A28 .8 1 
Total 19 

over concentrations are determined individual- 
ly and the means of each group compared, the 
HCZ-treated rats differentiated between water 
and the NaCl solution at  a mean NaCl con- 
centration of 10.010 M while controls differ- 
entiated at  a mean NaCl concentration of 
0.029 M (Table 111). Thus, HCZ-treated 
rats could differentiate between NaCl solution 
and water a t  approximately one-third the con- 
centration required by control rats. In spite 
of the greater sensitivity of treated rats for 
detecting NaCl, their maximal NaCl intake 
did not differ from that of controls. Body 
weights of both groups of animals increased 

_-.- 
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FIG. Spontaneous inbakes 04 NaCl solution (0) 
and distilled water ( 0 )  we shown for control rats 
(part A) and hydrochlorothiazide-treated rats (part 
B ) .  

during the course of the experiment but failed 
to differ significantly from each other. Food 
intakes of the two groups did not differ from 
each other a t  any time during the experi- 
ment. 

Discussion. Administration of HCZ to rats 
increased their spontaneous salt intake after 
either days or weeks of treatment. The ,ability 
to differentiate between distilled water and 
NaCl solution was also increased by HCZ, the 
preference threshold of treated rats being 
one-third that of control rats. The preference 

TABLE 111. Effect of Treatment with Hydro- 
chlorothiazide on Preference Threshold of Rats 

for  NaCl Solution. 

NaCl prefer- 
No. of ence thrwhold 

Treatment rats (moles/l) P" 

Control 5 -0295 .007t <.05 
Hydrochloro'thiazide 5 .010 -t- .004 

treated (.6 g/kg food) 

* Probability value. 
t 2 1 standard error of mean. 

threshold of the control rats observed here 
was higher than that reported by Weiner and 
Stellar (.009 M) ( 7 )  and Richter (0.0094) (8) 
but was within the range of variability ob- 
served previously in this laboratory for 
derivatives of the same strafn(6). The 
preference threshold of HCZ-treated rats 
(Table 111) was higher than that observed 
previously for rats treated chronically with 
the antithyroid drug, prapylthiouracil 
(0.004 M) ( 6 )  although treatment with either 
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drug was accompanied by similar NaCl apb 
petites anid reduced preference thresholds for 
NaCl solution. Although propylthiouracil is 
known chiefly as an antithyroid drug, it has 
weak diuretic activilty(9). HCZ is known 
chiefly as a diuretic agent but has been shown 
recently to possess antithyroid-like activity 
( 10,ll). Thus chronic administration of HCZ 
at  a concentration of 0.6 g/kg f d  increased 
thyroid weight, altered thyroid histology and 
increased rate of release of radioactive iodide 
from the thyroid gland( 101,ll). I t  is likely 
that the similar effects of the two compounds 
on NaCl appetite and preference threshold folr 
NaCl are related to their effect on thyroid 
gland. Other 'experimental procedures that re- 
duce thymid activity and increase NeCl in- 
take are surgical thyroidectomy( 12) and ad- 
ministration of either amphenone-B (13) olr 
piperidyl-sulfonic acid( 14). I t  is of interest 
that all experimental procedures thus far 
tested inducing a chronic appetite for NaCl 
viz., adrenalectomy, hypothyroidism and ad- 
ministration of large doses of desoxycorticos- 
terone acetate, are also accompanied by a re- 
duced preference threshold for NaCl solution 
(6,8,15). To this list may now be added treat- 
ment with HCZ. 

The apparent relationship between reduced 
preference threshold folr NaCl solution and 
NaCl appetite has not been explained satis- 
factorily although a number of possibilities 
exist and have been presented recently(l6). 
For example, it has been suggested that these 
two phenomena may be related directly to the 
Na/K ratio of the saliva bathing taste re- 
ceptors and indirectly to blood level of al- 
dosteron'e which appears to regulate salivary 
Na/K ratio(l6). Venning et aZ(17) have 
s b w n  that urinary aldosterone excretion, and 
presumably adtenal aldosterone secretion, in- 
creased when patients with essential hyper- 
tension were treated chronically with chloro- 
thiazide, an analog 04 hydrochlorothiazide. In 
addition, chlorolthiazide has been shown to 
reduce significantly bwth the mean .salivary 
Na concentration and the mean salivary 
Na/K ratio in 8 human hypertensive patients 
(18). I t  is also possible that the s d t  appetite 
is induced by central mechanism responding 
to either altered aldmterone or electrolyte 

concentration of blood or to altered extracel- 
lular fluid volume. Changes in body sodium 
content resulting from increased renal sodium 
loss induced by thfe drug may also play a, role 
(16). I t  is difficult to state which, if any, of 
the suggestions mentioned abolve can explain 
the spontaneous salt appetite of treated rats. 
Further studies ane required to separate these 
possibilities or to provide more compelling 
explanations. 

Summary. When given choice between 
water and 01.15 M NaCl solution to drink, 
rats treated with the diuretic agent, by- 
drdlorothiazide (0.3 and 0.6 gJkg food), 
far days or weeks increased their salt intake 
70 to 1501% above the level of controls while 
simultaneous water and food intakes were un- 
affected by treatment. Chronic administration 
of hydrochlorothiazide (0.6 gJkg food, 4 
months) lowered the preference threshold of 
rats folr NaCl solution from 0.0129 to 01.010 
mole/liter. This lowering of NaCl preference 
threshold by hydrwhlmothiazide may be an 
important factor influencing the increased 
spontaneous Narc1 intake of treated rats. 

It  is la pleasure to Qckncrwledge 'the assistance of 
Mlrs. J. S. McCarthy and Miss Debo'nah GPes. 
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Effect of Thyrocalcitonin on Duodenal Calcium Transport.* (32282) 

EDWARD L. KRAWITT (Introduced by Harold P. Schdl)  
(With the technical assistance of Helen D. Wilson) 

Gastroenterology Research Laboratory, Department of Medicine, University of Iowa 
College of Medicine, Iowa City  

The gastrointestinal tract is unnecessary 
for mediation of the hypocalcemic effect of 
thyrocalcitonin ( 1 ) . I t  is possible, however, 
that this hormone does exert an effect upon 
intestinal calcium absorption, but reports in 
the literature regarding th'is possibility are 
conflicting( 2-4). T'his investigation was 
undertaken to determine the effect of t h p -  
calcitonin on calcium fluxes in the rat duo- 
denum in acute studies using an in vivo per- 
fusion technique. 

Methods. Male Sprague-Dawley rats weigh- 
ing 230-300 g which were fed normal lahra-  
tory chow (calcium content 1.2%) served as 
experimental and control animals. F d  was 
withheld for 24 hours before study but the 
rats were permitted tap water ad libitum. 

Anesthesia was produced with inltraperi- 
toneal Dial@ with urethane solution (Ciba) 
(0.7-1.0 mlJkg). Through a midline ab- 
dominal incision the distal end of the bile 
duct was ligated and transected. The proximal 
8-13 cm of small intestine were cannulated 
with metal adapters attached to polyvinyl 
tubing. The inflow cannula was inserited 
through an incision in the pylons and the 
tubing tied tin place with suture. Similarly, the 
outflow cannula was positioned and tied 1-2 
cm distal to the ligamenct of Treitz. Before 
perfusion the isolated segment of gut was 
washed with 0.9% NaCl and then emptied 
with air. The abdomen was closed over the 

*This work wlas supponted in part by Tnaining 
Grant T1 AM5390 and Research Grant AM0234-09 
frolm Nat. Inst. of Arthritis & Metab. Dis., Nat. Inst. 
Health, Betlhesda, Md. 

cannulas and body temperature was main- 
tained with a heating pad. 

Fluid was perfused by recirculation at a 
rate of 2.0 ml/min for one hour from a 
reservoir containing 12 ml of solution by use 
of a proportioning pump (Technicon). The 
perfusing solution of pH 6.5 contained 0.85 
mM CaC12, 137 mM NaCl, 20 mM THAM, 
0.2% polyethylene glycol and 0.02 pc/ml 
45CaC12 (Nuclear Ch>icago, specific activity 
> 10 curiesjg) . 

Just before the start of perfusion 1.0 ml of 
blood was withdrawn from. the inferior vena 
cava. At the beginning of the parfusion, 
thyrocalcitondnt (approximately 250 MRC 
milliunits/kg body weight in a total volume 
of 2.5 ml/kg of body weight) was injected 
rapidly through a femoral vein. The control 
animals received the vehicle (0.9% NaCl of 
pH of 3.0, 2.5 ml/kg body weight) only. At 
the end of the perfusion period, blood was 
withdrawn from the inferior vena cava. The 
gut was removed and the contents and any ex- 
cess fluid expressed by gently pressing the 
tissue flat on absorbent paper. The perfused 
segment of gut was weighed on a torsion 
balance (Bethlehem Instrument ~CO.) . 

Polyethylene glycol was analyzed turbi- 
dometrically with a spectrophotometer ( Re- 
search Specialties Model 4000 Sptromatic)  . 
Calcium was determined by atomic absorption 
spectrophotometry ( Perkin-Elmer Model 
303) and radioactivity was estimated in a 

t Kindly supplied as thyrocalcitonin TCA powder 
by Wilson laboratories, Pharmaceutioal Division, 
Chicago, Ill. 




