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TABliE 111. Effect of Melatonin on Thyroxine Secretion Rate (TSR)  in  Ininiature Rats. 

No. of 7- TSR--\ 
Treat in ciit airinials Body wt ( g )  pg L-T4/100 g BW Change (76) 

Control (.l mg saline) 16 137.9 & 3.3 1.53 _+ .07 
Melatonin (20 pg/day i n  1 7  138.7 2 2.7 1.28 & .09 -16.3’ 

. I  ml saline) 

All weights accompanied by  standard error of mean. 
Student’s “ t ”  test, P <.025. 

While melatonin appears to be concerned 
primarily with the secretion of the gonado- 
tropic hormones and ovarian development, it 
may influence other endocrine systems. These 
effects may be direct or indirect in relation 
to alterations in feed consumption. 

The present study indicates that pinealec- 
tomy stimulates feed consumption slightly 
but not significantly. I t  was shown also to 
stimulate an 11.8% increase in TSR. 

The slight increase in feed consumption 
and TSR may explain the favorable effect of 
pinealectomy upon body growth of rats up to 
the 14th week reported by Malm et a l ( 8 ) .  

The administration of 40 pg and 20 pg/  
day of melatonin had an opposite effect on 
feed consumption and TSR in comparison 
with pinealectomy, decreasing feed consump- 
tion 12% and TSR 16%. 

These data indicate that the absence of 
melatonin (pinealectomy ) tends to increase 
feed consumption and TSR, whereas melato- 
nin has an opposite effect. 

Summary. The effect of pinealectomy upon 
feed consumption and thyroid hormone secre- 

tion rate was studied in Sprague-Dawley- 
Rolfsmeyer female rats. Feed consumption 
was increased 5.77% in association with an 
increase of 11 2% in TSR. In a second group 
of 16 rats, daily injection of 40 pg/day of 
melatonin depressed feed consumption 12 .O%, 
whereas injection of 20 &day of melatonin 
into young rats depressed TSR 16%. 
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Tolerance to Sucrose in Adapted and Nmadapted Rats. (31216) 

VINCENT FIORICA AND P. F. IAMPIETRO 
Physiology Laboratory, Civil Aeromedical Institute, Federal Aviation Agency, Oklahoma City ,  Okla. 

While hypertonic solutions of sucrose given 
intravenously or intraperitoneally are known 
to produce vacuolizations of the convoluted 
tubules of the kidney, it is not altogether 
clear to what extent these morphological 
changes are involved in the general function 
of the kidney. From the results of studies on 
rabbits ( 1 ) dogs (2), rats (3) and man ( 4 3 )  
it appears generally agreed that unless very 

large doses of sucrose are given at  frequent 
intervals (3-4 days), the development of the 
tubular vacuolizations does not compromise 
renal function as it is commonly measured. 
The time course for the development and re- 
gression of renal vacuolization in the rat has 
been examined his tologically ( 3  ) . In animals 
injected intraperitoneally with hypertonic su- 
crose, vacuolizations developed within 3 
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hours, progressed to a maximum between 6 
and 48 hours and were only infrequently ap- 
parent after 72 hours. Seven days following 
the injection no histological evidences of the 
altered morphology were found. 

The  present studies were conducted to as- 
sess the general status of the adapted animal 
with respect to the stress incurred by a sec- 
ond loading. If the diminished urine volumes 
and sucrose excretions observed after a sec- 
ond intraarterial loading (6.7 ) are interpreted 
to represent a loss of function (renal or other- 
wise), greater loads of hypertonic sucrose 
given during this period might be expected to 
demonstrate, quantitatively, the animals' de- 
creased resistance to the stress. This was 
tested by determining the sucrose tolerance in 
both nonadapted and adapted rats. Addition- 
al measurements of urine flow and solute con- 
centrations of urine were made to compare 
the responses of adapted and nonadapted ani- 
mals, and to relate these indirect assessments 
of kidney function to the overall resistance 
demonstrated. 

Methods. 31ale albino rats (Holtzman, 175- 
300 g)  were used in groups of 8-18 animals 
each. All animals were prepared, under pen- 
tobarbital anesthesia (30 mg,/kg), with a 
chronically indwelling catheter a t  least 4 days 
prior to testing. The  catheter was advanced 
through the left common carotid artery and 
positioned so that its tip rested in the aortic 
arch. All sucrose loads were administered in- 
traarterially (2 ml/min) by adjusting the in- 
fusion volume of a 1.46 hl (507, w/v) solu- 
tion of sucrose. Food and water were allowed 
ad libitum up to the time of the trial; neither 
was given during the 6-hour test period. All 
trials were conducted a t  the same time of day 
to eliminate diurnal variation. At the time of 
loading, animals were unanesthetized and re- 
strained in a device that permitted quantita- 
tive collection of urine( 8 ) .  

In the first series of experiments 6 groups 
of animals were infused (2 ml,/min) with su- 
crose loads between 2.0 and 4.5 m1/100 g 
body weight (b.w.) . This series constituted 
the once-loaded or nonadapted animals. A 
second series of animals, made up of 7 groups, 
was loaded with an adapting dose of sucrose 
(2.0 ml/l00 g b.w.) and restrained €or 6 

hours. Following this initial exposure to su- 
crose, these animals were returned to individ- 
ual cages and allowed food and water ad libi- 
tuwz until normal hydration states were re- 
established. Five days after the initial ex- 
posure, this series of adapted animals was 
loaded over the range 2.0-5.0 m1/100 g b.w. 
During tolerance tests on both nonadapted 
and adapted animals, urine was collected for 
a one-hour period before loading (control) 
and a t  30, 60, and 360 minutes after loading. 
All samples were analyzed for sucrose(9) and 
total solute concentration (freezing point os- 
mometer). 

Following the 6-hour test periods, both 
once- and twice-loaded animals were returned 
to individual cages, allowed food and water 
freely, and were observed for the following 
24 hours. Of those animals which did not 
survive the load, the time of death was va- 
riable between 2 and 24 hours after loading. 
Animals alive a t  the end of the 24-hour post- 
infusion period were considered permanent 
survivors. 

Results. Sucrose tolerance. Survival data 
for nonadapted and adapted rats given in- 
creasing loads of hypertonic sucrose are 
shown in Fig. 1. Regression lines relating 
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FIG. 1 .  Tolerance of nonadapted and adapted 
rats to hypertonic sucrose (1.46 M) infused through 
chronically indwelling arterial catheters. 
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survival to sucrose load were computed by 
the method of least squares. At all sucrose 
loads survival ratios were greater (P<0.07) 
in animals previously exposed to an adapting 
dose of sucrose (2.0 m1/100 g b.w.). From 
these data, the load of 1.46 M sucrose was 
computed which would kill one-half of the 
animals tested. For the nonadapted series 
this load would be 3.2 ml (4.7 millimo1es)J 
100 g b.w.; €or the adapted series, 5.1 ml 
(7.4 millimoles)/lOO g b.w. 

Uyine flow and solute excretion. Table I 
gives urine flow, total solute and sucrose con- 
centrations of nonadapted and adapted rats 
over time foIlowing infusion of loads between 
2.0 and 4.5 mlJ100 g b.w. In  both series the 
general responses to the infused loads were 
similar. Urine flow (ml/l010 g/min) increased 
sharply during the first 30 minutes after load- 
ing in both series although, in general, the in- 
crease was smaller in the adapted groups. 
Thereafter, urine flows in both series were 
more nearly the same. These data further 
indicate that the adapted series achieve a 
slightly higher total solute concentration in 
urine than do nonadapted animals, particu- 
larly during the final collection interval. Su- 
crose concentrations in urine generally were 
similar in both the nonadapted and adapted 
series. 

A more pertinent analysis of the excretion 
response of nonadapted and adapted animals 
to increasing sucrose loads was made by com- 
paring the mass flow of total solutes and su- 
crose within each collection interval (Table 
11). During the 30-minute interval following 
infusion the mass flow of sucrose and total 
solutes decrease slightly in nonadapted rats 
as the load is increased. In contrast, adapted 
animals show a slightly increasing rate of ex- 
cretion of both sucrose and total solutes with 
increasing sucrose loads, although the rate of 
solute (and sucrose) excretion was initially 
lower in this series. During this interval su- 
crose represents approximately % of the total 
solute excretion. This ratio is maintained 
even as the infused load is increased and does 
not appear to differ between nonadapted and 
adapted rats. In the second 30-minute inter- 
val (30 to 60 min) the rate of solute excre- 
tion is greater in adapted animals, but the 

general response in both series is similar. 
With increasing loads, rates of excretion of 
solutes and sucrose increase, then decrease 
beyond loads of 3.5 and 4.0 m1/100 g b.w. 
During this time sucrose makes up about 
of the solute excretion a t  all loads in both 
nonadapted and adapted animals. In the fi- 
nal interval (60 to 360 min) sucrose and sol- 
ute excretion are comparable between the 
nonadapted and adapted animals a t  all loads 
and show a small increase in rate as the loads 
increase. Sucrose to total solute ratio varies 
during this interval from approximately 0.4 
to 0.8. The smaller fractions calculated dur- 
ing this interval reflect the more nearly com- 
plete recovery of infused sucrose within the 
first 60 minutes after loading a t  2.0 and 2.5 
m1/100 g b.w., thereby limiting the availabil- 
ity of sucrose for excretion in the final collec- 
tion interval. 

During the period of greatest diuretic ac- 
tivity (within the first hour after loading) 
urine flow in the nonadapted animals de- 
creases as the load is increased (Table 111). 
The adapted animals, however, increase urine 
flow with increasing loads, although the ini- 
tial flow was lower than that of the corre- 
sponding nonadapted group. This difference 
in the urine flow response of nonadapted and 
adapted animals is reflected by the total su- 
crose excreted during the same collection in- 
terval (Table 111). 

Discussion. From the standpoint of toler- 
ance, rats previously infused with hypertonic 
sucrose (adapted) are better able to with- 
stand the damaging effects of large doses of 
sucrose than are normal (nonadapted) rats. 
The present data support similar findings for 
rats adapted to sucrose by intraperitoneal in- 
fusion(3). It is suggested that the increased 
resistance of the adapted rat represents an 
enhanced “tissue tolerance” for the disrupt- 
ing effects of the disaccharide although the 
present study does not allow for the selection 
of a critical tissue(s). This suggestion is 
based on the finding that a t  all loads between 
2.0 and 3.5 m1/1010 g b.w. the adapted rats 
retain a greater quantity of sucrose (at  any 
given time following infusion) than do the 
nonadapted counterparts, yet are better able 
to tolerate the condition. 
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Although it seems clear that the kidney is 
implicated in the adaptation described it has 
not yet been established whether the kidney 
itself is undergoing an adaptation or is mere- 
ly reflecting an adaptation of some other sys- 
tem. The role of the kidney in the adaptation 
described may be inferred from the patterns 
in solute and sucrose excretion with increas- 
ing sucrose loads and the differences in ex- 
cretion between nonadapted and adapted ani- 
mals. Assuming that sucrose given intraar- 
terially is cleared from the blood only by 
glomerular filtration, that tubular reabsorp- 
tion is minimal, and further that parenteral 
sucrose is not metabolized, then rate of ex- 
cretion of sucrose is the product of the plasma 
sucrose concentration and the sucrose clear- 
ance. If the time course for distribution is 
nearly the same for all loads of sucrose ad- 
ministered, then plasma concentration should 
be nearly proportional to the load given 
(shortly after infusion) and the rate of su- 
crose excretion proportional to the plasma 
concentration of sucrose (and the GFR). 
Since increasing loads of sucrose in the non- 
adapted animal (during the first 301 minutes) 
are accompanied by a slightly decreasing rate 
of sucrose excretion, GFR is depressed as the 
load increases. In adapted animals, given the 
same set of assumptions, increasing loads are 
accompanied by a slight increase in sucrose 
excretion though not in proportion to the in- 
crease in load. It is evident from the dispar- 
ity in the rate of sucrose excretion of non- 
adapted and adapted groups at the smallest 
load, that GFR of adapted animals is only 
about 60% that of nonadapted animals dur- 
ing the first 30 minutes after infusion. At the 
highest load (4.5 m1/100 g b.w.) GFR of the 
adapted group is 125% that of the non- 
adapted animals. 

These data suggest that increasing loads of 
hypertonic sucrose suppress the GFR in non- 
adapted rats. This response may persist as 
long as 5 days after the initial loading, but 
when again infused with the same loads, the 
now adapted rats appear less susceptible to 
the GFR depressing action of the hypertonic 
loads, particularly at  the higher doses. The 
persistence of a lowered GFR is further sug- 
gested by the generally lower urine flow (and 
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2.0 2.11 ( 1 3 )  1.i-l ( 1 3 )  i .4 5.1 285 341 

3.0 2.44 (!) 2.05 (8) 7.4 6.0 330 342 

4.5 1.85 (‘7) 2.52 ( 9 )  5.5 7 .0 336 360 

2.5 2.10 ( 1 3 )  1.93 (8)  6.9 5.6 313 345 

3.5 2.11 ( I )  2.08 ( 8 )  6.3 6.0 335 347 
4.u 2.19 ( 1 0 ,  2.42 ( 9 )  6.8 6.8 353 356 

V;iliies art’ ~iicniis. Figures in parentheses 
fused :IS :I 1.46 31 (50% “ / v )  solutioii tlirough 

total solute excretion) in adapted animals 
during the second control interval (Table I) .  

Summary. Two series of unanesthetized 
rats were infused intraarterially with stand- 
ardized volumes of 1.46 h l  (50% w/v) su- 
crose over the range 2.0 to 5.0 m l / l O O  g body 
weight. Animals in one of these series had 
been exposed 5 days earlier to the same con- 
centration of sucrose a t  2.0 mlJlOO g body 
weight. These latter animals constituted the 
adapted groups. Comparison of the sucrose 
tolerance of adapted animals with nonadapted 
revealed that previous exposure to hypertonic 
sucrose significantly increased the resistance 
of twice-loaded animals to the damaging ef- 
fects of the hypertonic solution. Evaluation 
of the excretion patterns of urinary solutes 
and the relationships between urine flow and 
solute concentrations suggest that a reduction 
in GFR may occur in nonadapted animals as 
load of hypertonic sucrose is increased from 
2.0 to 4.5 m1/100 g b.w. Similar loads given 
to adapted animals appear less effective in 

are iiuiiibers of animals per group. Sucrose in- 
cliroiiically indwelling arterial catheters. 

their GFR depressing actions. 
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Carbohydrate and Lipid Metabolism in Animals Treated with 
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Utilization of glucose is disturbed in ani- 
mals after prolonged administration of peni- 
cillin ( 1 ) , dihydrostreptomycin ( 2 )  oxytetra- 
cycline (3) chlortetracycline (4), and chlor- 

*Work was most carried out  at  s. M. s. Medical 
College, Jaipur, India. 

amphenicol(5). A mixture of penicillin and 
streptomycin when administered to rats and 
rabbits did not affect fasting blmood sugar or 
glucose tolerance (6).  Deposition of glycogen 
in liver was diminished in rats after treat- 
ment with oxytetracycline (3) and chlortetra- 

- 


