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volving a completely unrelated, non-viral, 
non-specific reaction by certain kidney cells 
with partially denatured or altered RBC’s. 
This phenomenon of non-specific hemadsorp- 
tion, or tissue hemadsorption (THAd) , seems 
to be a characteristic of kidney cells and was 
not found to occur in cell cultures of non- 
kidney origin. 

While this manuscript was in preparation, 
Neuman and Tytell reported similar findings 
and showed that the degree of non-specific 
hemadsorption could be related to the con- 
centration of calcium ions (9) .  We concur 
with their finding that calcium is essential 
for adsorption. However, evidence presented 
here suggests that calcium ions are not the 
initiating factor. The usual concentration of 
calcium in Eagle’s medium is 1.8 mM. Under 
these conditions we have found no evidence 
of non-specific adsorption of fresh RBC’s. 
Yet RBC’s which have been preconditioned 
or aged (in the absence of calcium) were 
found to yield maximum HAd patterns when 
tested in the same medium. 

Non-specific adsorption may be avoided 
under the usual conditions for specific viral 
HAd tests simply by using fresh RBC’s. 
However, the observed inhibition of THAd 
by SV4* infection of rhesus monkey kidney 
and preliminary studies with rubella in LLC- 
MK2 suggest that THAd inhibition (THAdI) 
may offer some advantage as a practical re- 
search tool. 

Summary. Hemadsorption in rhesus mon- 
key kidney tissue culture has been shown to 

occur by two different mechanisms, a specific 
reaction of red blood cells with viral recep- 
tors and a non-specific, non-viral, reaction of 
partially denatured or altered red blood cells 
with specialized kidney cells. Non-specific 
tissue hemadsorption (THAd) was found not 
to be limited to rhesus kidney tissue culture 
but also occurred in kidney tissue strains and 
lines derived from other animal species. The 
finding that some viruses inhibit THAd sug- 
gests the possible use of this phenomenon as 
a tool in diagnostic virology. 

The authors wish to acknowledge the capable 
technical assistance of Mr. Robert L. Bingham. 
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Effect of Thyroxine on Spontaneous Nephrosis in the Rat.” (30736) 

BENJAMIN N. BERG 
Department of Pathology, College of Physicians and Surgeons, Colunibia University, New York City  

The occurrence of spontaneous nephrosis previously( 1). Proteinuria was observed at 
weaning and changes in the glomerular capil- with proteinuria, hyperglobulinemia and hy- 

percholesterolemia in the rat was described lary basement membrane were noted at 60 

lesions increased with age and prOteinUria 
became correspondingly greater. Earlier stud- 
ies(2,3,4) showed that onset of nephrosis as 

*This work is part of the Program for R e e a c h  Of age. Incidence and Of rend 
on Aging, suppoded by Grant HE- 00945 to Drs. 
H. S. Simms and B. N. Berg from Nat. Heart Inst., 
N.I.H., U.S.P.H.S. 
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well as other spontaneous diseases was de- 
layed by dietary restriction. Since metabolism 
is reduced by underfeeding( 5 ) ,  the question 
arises whether increased metabolic rate accel- 
erates onset of renal lesions. For this pur- 
pose, thyroxine was administered to adult 
rats for periods of 250 days to 400 days in 
amounts that resulted in a 50% increase in 
O2 consumption. 

Materials and methods. Male rats bred 
from a pathogen-free Sprague-Dawley colony 
started in 1945 were used, Details con- 
cerning laboratory conditions, diet, histo- 
logic techniques, measurement of daily 
food consumption, water intake and urine 
output, chemical and electrophoretic analy- 
sis of urine and serum proteins, and 
methods of determining serum cholesterol and 
BUN (blood urea nitrogen), have been de- 
scribed ( 1 ) . So'dium-1-thyroxine pentahydrate 
was supplied in the drinking water and treat- 
ment was started when the rats were 1101 or 
210 days old. A stock solution was prepared 
by dissolving 50 mg of thyroxine in 25 ml of 
9570 alcohol to which 7 ml of N/10 NaOH 
was added, diluting to 1010 ml with distilled 
H20,  and then diluting 10 ml of the latter to 
a liter with distilled H20.  The daily dose of 
thyroxine was about 85 pg;/lOO g. This value 
was derived from the daily water intake 
measured for a 14-day period. Body weights 
were recorded biweekly from time of wean- 
ing. One group of animals was autopsied at  
370 days of age after receiving thyroxine for 
250  days. Another group was examined at 
600 days to 618 days of age, after thyroxine 
treatment for 410 days. Untreated rats of 
corresponding ages were the controls. Data 
on the control rats were reported previously 
( 1).  A third group was used for Oa consump- 
tion studies. Thyroxine was given for 2 2 5  
days before the test and the rats were autop- 
sied 14 days later, a t  445 days of age. Ob- 
servations on O2 consumption were repeated 
on 5 consecutive days. The equipment con- 
sisted of 12 metabolism chambers housed in 
a constant temperature, forced-air circulation, 
cabinet maintained at  29 -+ 0.5"C. Closed- 
circuit units of the Benedict type(6) were 
used. All parts of the equipment (except the 
electric moto'r driven pumps), i.e., the water 

sealed chambers, natron C02 absorption 
tubes, oil-sealed pumps and spirometer O2 
reservoirs were in the constant temperature 
cabinet. After an acclimatizatipn period of 
10-15 minutes, three 10-minute O2 consump- 
tion readings for each rat were made and the 
2 closest readings averaged, corrected to 
standard temperature and pressure and cal- 
culated on a body weight basis to obtain the 
0 2  consumption in mg Oa/kg/hr for that day. 
The animals were fed during the tests. 

Results. Grossly, the kidneys of 3 70-day- 
old rats, untreated or treated, showed no al- 
terations. At 600 days of age, a striking dif- 
ference was noted between the 2 groups. In 
the untreated animals, the only discernible 
change was a brownish tint, whereas the kid- 
neys of rats receiving thyroxine were yellow 
and greatly enlarged. In the most advanced 
stage of nephrosis, as evidenced by high BUN 
values, the surface was granular. The capsule 
stripped easily. On section, the parenchyma 
of damaged kidneys was honeycombed with 
cystically dilated ducts containing clear fluid. 

Microscopically, the changes described pre- 
viously in untreated rats( 1) were more ad- 
vanced at  corresponding ages in animals re- 
ceiving thyroxine. Severity of lesions was 
graded 1+ to 5+ using 370-day-old un- 
treated rats as the basis of comparison. At 
this age all of the changes observed in older 
animals were present, but in lesser degree. 
Alterations consisted of glomerular capillary 
basement membrane thickening, hyaliniza- 
tion of tufts, adhesions of tufts to BOWIIXUI'S 
capsule, thickening and fraying of the latter, 
dilatation of convoluted and collecting tu- 
bules both containing casts, atrophy of convo- 
luted tubules with thickening and wrinkling 
of peritubular basement membranes, and oc- 
casional lymphocytic infiltration of the inter- 
stitial tissue. Medial thickening of arteries 
and interstitial fibrosis were infrequent find- 
ings. Lesions graded 5+ were characterized 
by loss of the normal architecture of the 
parenchyma, replacement by greatly dilated 
ducts filled with casts, and hyalinization of 
most of the glomeruli. 

Kidney weights were higher in thyroxine- 
treated rats than in untreated animals, and 
increased in proportion to' severity of lesions 
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TARIJE I. Hocly Weigllts allcl Orgnn Weigllts of Uiitreatecl or  TI~?.rosiiie-Tre:ite~l &Tale Rats at Different 
Ages. 

No. Avg 
of age Body K i d i i ~ y s  Heart  Liver At1rcii:ils Thyroid Pituitary 

rats (days) Wt (g , "  IVt (g)" wt (g)" w t  (8)" tv t  (g," w t  ( g ) "  M't (g )"  

T Jilt rea ted 
6 3iO 493 & 8.6 4.06 & . I0  1.39 & .44 18.7 2 J-I 

Tliyi~oxine- trca ted 
6 3 i 0  478 & 11.4 4 . i 3  .19 1.70 t .04 23.1 5 . f i f i  

Significiincc of .OOl 
difference (PI 

'c' 11 t r cn tcd 
9 G - I O  480 14.3 4.37 . 2 i  1.53 .03 20.2 .94 

( 8 )  t ( 8 )  

* Mcan wliics 2 S.E. 

(Table I ) .  Heart weights were also greater, 
the increase being due to left ventricular hy- 
pertrophy, a condition observed previously in 
aging rats with hypertension ( 7 ) .  Hydro- 
thorax resulting from cardiorenal insufficiency 
developed in 600-day-old thyroxine-treated 
animals with elevated BUN values. A com- 
parison of adrenal weights a t  370 days 
showed 13Fj higher values for rats receiving 
thyroxine, and a t  600 days the increment 
amounted to 39c/(-59c/c. Except for hepatic 
enlargement a t  370 days, the weights of the 
thyroid, the pituitary, and the liver of thyrox- 
ine-treated animals did not differ significantly 
from those of untreated rats. In 600-day-old 
thyroxine-treated rats, the intrahepatic bile 
canaliculi and the extrahepatic duct were di- 
lated. Body weights of untreated rats in- 
creased progressively with age (8)  whereas 
the curve for treated rats remained constant 
(Fig. 1 ) .  Final body weight of animals re- 
ceiving thyroxine was 15% to 28% lower 
than that of untreated animals. O2 consump- 
tion was 517; higher in treated rats as com- 
pared with untreated ones (Table 11). 

Food and water consumption as well as 
urine output increased by 50% in thyroxine- 
treated rats, and in animals with advanced 
nephrosis accompanied by elevated BUN val- 

t Figures in pareiitheses are S o .  of rats used. 

ues a 3-fold increase in water intake and 
urine excretion occurred (Table 111). Levels 
of water intake for both untreated and 
trcated rats were higher in Table I1 than in 
Table 111. This was due to the fact that the 
animals in Table I1 were fed during water in- 
take measurements whereas the animals in 
Table I11 were not. 

Degree of proteinuria corresponded roughly 
with severity of lesions and was greater in 
thyroxine-treated rats than in untreated ani- 
mals (Table 111). Protein excretion was 
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greatest in 600-day-old rats with renal insuf- 
ficiency, as indicated by elevated BUN val- 
ues. Examination of urinary proteins by elec- 
trophoresis revealed mobilities resembling se- 
rum albumin, u 2 globulin and p globulin. 
The albumin component predominated. There 
was no discernible difference between the pat- 
terns of untreated or treated rats, except for 
greater intensity of the various fractions in 
the latter. The electrophoretic patterns of the 
serum proteins were also alike, and consisted 
of a predominant albumin component and 
lighter p globulin, u 1 and u 2 globulins in 
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order of diminishing intensity. The y globu- 
lin mobility was faint and often indiscernible. 
Total serum proteins and serum albumin were 
slightly higher in 3 60-day-old rats receiving 
thyroxine as compared with untreated ani- 
mals of the same age (Table IV) .  At 600 
days, total serum proteins were reduced in 
thyroxine-treated animals. Hyperglobulin- 
emia was at  the same levels in untreated or 
treated rats except in 600-day-old treated 
animals with greatest proteinuria and ele- 
vated BUN values. In the latter rats hyper- 
globulinemia was less marked and serum al- 

T A B L E  TI. 0, Coilsumptioil of Untreated or Thyroxine-Treated Male Rats. 

Thyroxine No. of Avg age Body Daily intake 
rats (clays) wt ( g )  Food ( g ) ”  Water  (ml)* (days)  t mg/O,/kg/hr % increase 

Uii t r ea t etl 
12 425 439 f. 5 . i i  4.6 & .09 10. i  & .49 - 1337 & 16.9 - 

1 2  425 4 0 i  & 5.3 5 .3  k .14$ 16.7 & 1.03 225 2020 2 32.3 51  
Tliyroxine-trea tetl 

* g or ml per 100 g hotly wt. 
t 85 pg per day. 

t Mean vnlucs +- S.E. 
$ P <.00l. 

T A B L E  111. Daily Food :iiid Water Intake, TJrine Volume, T‘rinary Protein Excretion, aild Severity of 
Renal Lesions in  Untreated or Thyroxiue-Treated Male Rats a t  Different Ages. 

No. of Avg age Thyroxine l‘riiie Severity 
ra t s  (days)  (days) Food (g) * Water (nil) * t Vol (ml)  * Protein (ing) * renal lesions 

e 360 

6 360 

Significance of 
iliff erriice ( P )  

I) G20 

9 618 

Significance of 
difference (P  j 

5 ROO 

Significance of 
diff ereiice (P) 

T T n  t r ea t ed 
- 4.1 i .14: 2.1 & .36 1.7 * 2 2  

(4) § 

Thyroxine-trea ted 

250 6.0 & .22 3.6 & .73 3.2 2 .49 

<.no 1 .10 .n2 

T i treated 

- 4.2 5 .08 3.0 & .39 2.7 +- 3 3  

Tliyroxiiic-treaten (normal RUN) 

410 6.3 & .16 6.1 _t .47 5.3 t .i3 

< . O O l  < . O O l  .01 

Thyrosiiie-treated (elevatccl RUN) 
407 - 12.6 2 2.20 10.7 & 2.25 

(4) (4) 
.n3 .13 

27.6 * 7.75 

49.7 & 6.70 

.n5 

44.1 +- 5.32 

81.5 _+ 14.90 

.06 

129 & 5.41 
(4) 
.n3 

+ 

++ 
or +++ 

+++ 
++++ 
++++ 

+++++ 

or 

or 

+++++ 

* g, mg, or ml per 100 g body wt. 
t Fasted during 24 h r  urine collcctjon. 

Mean vnlucs S.E. 
$ Fignrcs in partwthescs are No. of ra t s  used. 
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TATI1,E 1 V. Scrum Protriiis, Serum BUN, and Serum Cliolcstcrol in Untreated or Thyroxine-Treated 
Mnlc Rats at Different Ages. 

Serum Serum proteins 
S o .  of Avg n,ge Total Albuiniii Globulin A/G Serum BUN cholesterol 

rats  ( d n y ~ )  (g/lOO nil)" (g/lOO ml)* (g/100 ml)* ratio (mg/100 ml)" (mg/100 ml)* 

6 3 i 0  6.!$ 2 2  
Significance of .05 
difftrcncc (P) 

TTiitrcatcd 
3.5 t .08 2.9 * .12 1.4 19.5 k .40 105 6.5 

3.9 -+ . I3  3.0 f 2 4  1.3 21.8 2 .80 120 c 10.4 
T I I y r () s i 11 c - t r e a t e d 

.(I4 

I I I t rca t c v l  
3.3 & .10 3.0 t .1i 1.1 17.9 & .51 157 t 8.7 

l ' l i ~ r o i i i i ~ ~ - i  ro:itccl (norninl BUN) 
3 . 1  & .!?4 2.ri 5 .14 I .3 19.9 & 1.39 185 +- 23.0 

( 8 ,  t (8) ( 8 )  
.07 

'rl i?.roii!lc~-tI.(I:itc.tl  (clcratcd BUN) 
2.(i t . I 0  2.3 & .21 1.1 iS.8 22.22 224 c 37.6 
<.0u1: .04Q 

* Mcnii v:ilucs & S.E. 
t Figures iii pnrcntlicses arc So. of rats used. 

bumin was also reduced. Low A/G ratios 
existed in all groups and were related to 
hyperglobulinemia. Serum cholesterol was 
higher in 600-day-old animals than in younger 
ones, and the increase was greater in  rats 
receiving thyroxine. Hematocrit values at  
360 days were 45% for both untreated and 
treated rats, and in older animals the re- 
spective values were 41 '/o and 37%. 

Discussion. The body weight of rats receiv- 
ing thyroxine for over a year remained con- 
stant but at  a lower level than that of un- 
treated animals. Evidently, the higher food 
intake of the treated rats was sufficient to 
compensate for the 50% increase in O2 con- 
sumption. The increase of adrenal size was 
possibly related to an indirect thyroxine ef- 
fect on ACTH release from the pituitary(9, 
10,l l)  . Prolongation of thyroxine administra- 
tion resulted in larger adrenals. 

Total serum proteins, serum albumin and 
high serum globulin levels were unaltered in 
640-day-old untreated rats excreting more 
protein than younger animals. M'ith thyrox- 
ine treatment, proteinuria exceeded that of 
untreated animals and total serum proteins 
were reduced. When renal insufficiency de- 

$ I)iff(~rcwce l~ctwecn 3.3 * .10 mid 2.6 
$ IAffercnce lxtween 3.0 & 1.7 and 2.3 

.lo. 

.21. 

veloped, a further increase in protein excre- 
tion occurred and a lowering of both serum 
albumin and serum globulin appeared. At 
this point, adaptive mechanisms were inca- 
pable of compensating for protein depletion. 

The capillary basement membrane changes 
in the glomerular tufts of rats correspond 
closely with those observed by Mellors( 12) 
in NZB/Bl mice. He described glomerular 
capillary basement membrane thickening and 
hyalinization of tufts in 7-1 2-month-old ani- 
mals. Hypergammaglobulinemia occurred in 
mice examined a t  7-10 months of age and 
specific tests for autoantibodies indicated 
that the renal lesions were induced by im- 
munological, and autoimmune mechanisms. 
The similarity of glomerular alterations as 
well as the hyperglobulinemia observed in 
rats suggest that here, too, the spontaneous 
disease may be a manifestation of an auto- 
immune phenomenon. 

The present study suggests that a meta- 
bolic factor may influence the onset of glo- 
merular capillary basement thickening in 
spontaneous nephrosis. A reduction of meta- 
bolic rate, as in the case of underfeeding, de- 
lays the appearance of lesions (2,3), whereas 



AGE ON THYROID HORMONE SECRETION RATE 2 93 

an increase produced by thyroxine accelerates 
their onset, 

Summary. Long-term administration of 
thyroxine to adult rats a t  a level that pro- 
duced a 501% increase in O2 consumption, in- 
creased the severity of spontaneous nephrmis 
and proteinuria. The amount of excreted pro- 
tein corresponded roughly with severity of 
renal lesions. The electrophoretic pattern of 
the urinary proteins of untreated or treated 
rats resembled that of the serum proteins. 
Hyperglobulinemia was present in both un- 
treated and treated rats, but to a lesser de- 
gree in 600-day-old thyroxine-treated animals 
with greatest proteinuria and elevated BUN 
values. In the latter rats serum albumin 
was reduced too. Hypercholesterolemia was 
greater in treated rats than in untreated ones. 
Kidney, heart, and adrenal weights were also 
higher in animals receiving thyroxine, whereas 
body weight was lower. 
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Effect of Advancing Age on Thyroid Hormone Secretion Rate of 
Female Rats.* (30737) 

G. D. NARANG AND C. W. TURNER+ 
Department of Dairy Husbandry, University of Missouri, Columbia 

Evidence that the thyroid undergoes atroph- 
ic and degenerative changes in old age both 
in animals ( 1,2,3,4), and man ( 5,6) has been 
reported. Thyroid function has been repo'rted 
to be depressed with advancing age in mice 
( 7 ) ,  rats(8,9), chickens( 10,11,12,13), tur- 
keys ( 14), guinea pigs ( 15 ) , rabbits ( 16), dogs 
(17) ,  cattle( lS,l9),  raccoon(20) and opos- 
sum (2 1 ) . The present investigations were un- 
dertaken to study the effect of age on the 
thyroid hormone secretion rate (TSR) of fe- 
male rats from weaning time until they were 
about 4 months of age, at  30-day intervals 

*Contribution from Mo. Agr. Exp. Sta. Journal 

t Aided in part by a grant from A.E.C., Contract 
Series No. 2998. Approved by Director. 

AT ( 1 1 - 1 ) -3 oil - 1 1 8. 

since no data was available on the TSR of 
the female rats of increasing age up to sexual 
maturity . 

Materials and methods. The TSR estima- 
tion of 2 7  female rats of the Sprague-Dawley- 
Rolfsmeyer strain, bred in this laboratory 
and maintained at a temperature of 78 t 
1"F, was started when they were 25 days of 
age and had an average body weight of 55 g, 
by the technique described by Grosvenor and 
Turner ( 2 2 ) .  The TSR of the same rats was 
estimated at  30-day intervals starting at the 
ages of 5 5 ,  85 and 115 days respectively. 
During these investigations the rats had free 
access to water and Purina Lab Chow. 

Results. The mean TSR of the 2 7  surviv- 
ing rats as determined at  the ages of 25, 55, 


