
the amount of loading substance administered, whilc 
producing incrcasing urinc flow, also resultcd in higher 
plasma levol of tho solute so that the work remained 
constant. A maximum value in the same range was ob- 
served for the following solutcs: glucose, sucrose, man- 
nitol, xylose, sorbitol, creatinine, and sodium sulfate. 
Sorbose and p-aminohippurato were not used in sufficient 
amounts to produce adequate loads. Maximum work was 
not obtained with urea or sodium chloride. 

From cquation 2 i t  follows that under the conditions 
of hydropenia hero eonsidcred, the U/P ratio is the main 
factor determining work. Given tho observcd limitations 
of urinary osmolarity, incrcasing values of P would 
necessitate greater ratcs of urinary flow to produce maxi- 
mum work. The actual rclation between urinary flow and 
osmolarity, with the osmolarity decreasing m t h  rising 
flow, is such that beyond a ccrtain level of loading solutc 
in the plasma, which is approximately 100 milliosmols/ 
liter, maximum work can no longer bc obtaincd, no mattcr 
how great the amount of loading substance administercd. 
As a matter of fact, the work value may dccrcasc, dcspite 
increasing urinary flows, loads, and plasma levcls. These 
relationships scrve to explain the failure to produce 
maximum work with either urea or sodium chloride. On 
the basis of the work equation and the observed relation 
between osmolarity and flow of the urine one may also 
determino by graphic nlcthods the minimal urinary volumc 
a t  which maximum work will be rcached for any plasma 
level of loading solute under the simplifying assumption 
that tho loading solutc accounts for the cntire urinary 
osmolari ty. 

Substituting tho value of flow from equation 5 and 
load

using the identity U=-, an cquation is obtained in 
flow 

which both U and V are cxpresscd in tcrms of load: 

(~Afc-I;loacl+ B P' 

Details of the foregoing studios will be published 
shortly. 
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Effects of the Antithyrotoxic Factor of Liver 
on Growth and Survival of Immature Rats 
Fed Massive Doses of Thyroactive Materials1 

B. H. ERSEIOFFand 11. B. LMCWILLIAMS 

Emory W .  Thurston Laboratories, Los Angeles, and 
Department of Bioc7~ernistry and Nutrition, 

University of Southern, California, Los Angcles 

Availablc data indicate that liver contains onc or 
more factors other than the known B vitamins that pro- 
longed survival and counteracted the growth retardation 
of immature rats fed massive doses of desiecatcd thyroid 

TABLE 1 

Dietary colnporlcnt Diet A Diet B 

Extracted liver residue* 0.0 10.0 
Casein? 22.0 22.0 
Sal t  mixture$ 4.5 4.5 
Sucrose 73.5 63.5 

To each kilogram of the  above dicts were added the  
(7)  W = RT load , following synthetic vitamins : thiamine hydrochloride, 72 mg ;~ f e - I ~ l ~ a c l + . ~ - ~ )  

in which tho symbols have the same meaning as before. 
This equation pcrmits onc to relate directly work and 
solutc load, and, by definition, urinary volumc, for any 
given plasma level of loading solute on the same assump- 
tion as before, namely, that the loading solute accounts 
for the entire urinary osmolarity. One may also calcu- 
latc tho minimal urine volume a t  which maximum work 
will be rcached. 

The studios of glucose diuresis in diabctic subjects, 
beyond offering an explanation of the polyuria of dia-
betes, have a bcaring on tho problem of the cause of 
electrolyte loss during uncontrolled glycosuria. I t  was 
found that the urinary losses of sodium aild chloride in- 
creased 4-fold above control levels during glucose diuresis, 
whereas the potassium losses were unchanged. Urea 
diurcsis, on the other hand, did not affect the rate of 
clcctrolyte cxerotion. 

At prescnt studies arc planned on tho osmotic lirnita- 
tions and the work of the kidney a t  the other cxtremc 
of the osmotic relationships, i.e. during diuresis of water 
loading when the work of clectrolytc conscrvation is a t  
maximum. 

riboflavin, 9 mg ; pyridoxine hydrochloride, 1 5  mg  ; calciuln 
pantothenate, 67.2 m g ;  nicotinic acid, 60 m g ;  2-methyl-
naphthoquinone, 5 mg ; and clloline cl~loridc, 1.2 gm. ( I n  
view of lhc increased requirements fo r  thiamine, pyridoxine, 
and pantothcnic acid in the  hyperthyroid r a t  (Z), the B 
vilamins in  the  present experimcnt mere administered i n  
excessive amounts in order to  assure an adequacy of these 
factors in  the  diet.) Each r a t  also receivcd 3 times wcekly 
the  following supplement : cottonsccd oil (\\'csson), 500 mg ; 
a-locophcrol acctate, 1.5 mg  ; and n vil:~lninA-U roncentrate 
(Nopco Fish Oil Concentrate, assaying 800,000 U.S.P. units 
of vitamin A and 80,000 U.S.P. uni ts  of vitamin D/gm) 
containing 50 U.S.P. uni ts  of vilamin A and 5 U.S.P. units 
of vilalnin D. 

" Elxtractcd Liver Residue, Wilson Laboratories, Chicago, 
Illinois. 
I'Vitamin Test  Cascin, Gcrlcral Biochc~nicnls, Inc., Chagrin 

l+';iIls, Ohio. 
$ Sal t  Mixture No. 1 ( 6 ) .  

(1,3, 4). Since liver fceding did not prcvent the rise 
in oxygen consui~iption following thyroid administration 
(8),the question arises whether liver actually exerts an 
antithyrotoxic effect or whethcr i t  might not bc countcr- 
acting other noxious substances present i n  the desiccated 

1Con~municalion No. 194 from thc 1)epnrtmcnl of 1Siochcm- 
istry and  Nutrition, University of Southern Caliiorr~ia. 

SCIENCE,December 3, 1948, Vol. 108 



thyroid material. The prescnt experiment was accord-
ingly undcrtaken to determine the effects of the ( (ant i -  
thyrotoxic factor" of liver on growth and survival of 
immature rats fed massivc doscs of thyroid, thyroxin, 
thyroglobulin, and iodinated casein. 

Two basal rations, dict A and dict R, were employcd 
(Table 1). Diet A was a purified ration containing the 
R-complex factors in synthetic form only. Diet R was 
similar in composition but contained Extracted Liver 
Rcsidue (Wilson) in addition to tho synthetic vitamins. 

ments were added in place of an  equal amount of sucrose. 
One hundred and twelve fcmale rats of the Long-Evans 
strain were selected a t  21-23 days of age and with a n  
averagc weight of 42.4 gm. These wore kept in nictal 
cages with raised scrcen bottoms to  prevent access to  
feces and were fed the above diets ad libitum. Fecding 
was continued for  8 weeks or until death, whichcver 
occnrrcd sooner. Results a rc  summarized in Table 2. 

Findings indicate that  the beneficial effect of Extracted 
Liver Residuc on growth and survival of immaturc ra ts  

TAlSLE 2 

EFBECTSO F  ANTITI~YROTOXIC O F  ON STJRVIVALI~IJ I~~TTJR~~CT H I  1i'ACTOR LIVDR GROWTHAND O F  RATS 
FEDMASSIVEDOSDSOF TNYROXIN, A N D  CASEINTHYROID, THYROGI.OBIJLIN, IODINATED 

Dietary Tliyroactive 
group supplement 

1)esiccated thyroid 

Thyroxin 

Thyroglobulin 

0.25% iodinated casein 

0.5% iodinated casein 

None 

Gain in body wt (gm) on following 
No. of Initial days of cxperimerlt : Avg. survival 

time*rats body w t  

14th 28th 42nd 56th (days) 


* Averages, computed on the basis of a 56-day survival time for animals alive at  the termination of the experiment, in-
clude standard errors of the mean. 

t Values in parentheses indicate number of animals tha t  survived of whirh this is nn average. 

Reecnt work from this laboratory (8, 5) indicates that  
tho abovc material, consisting of the coagulated, water- 
insolublc material remaining af tcr  removal of the ex-
traetablc watcr-solublc substanecs, is  a potent source of 
L(antithyrotoxic factor." Each of the above diets was 
supplemented with U.S.P. desiccated thyroid,z thyroxin,S 
thyroglobulin,4 or iodinated cascin.5 Supplements were 
incorporated in the basal rations a t  the following levels: 
thyroid, 0.5% ; thyroxin, 50 m g h g  of diet ; thyroglobulin, 
~ O . l ~ o ;  casein, 0.25% Supple-and iodinated and 0.5%. 

2 Thyroid Powder, U.S.P., Armour & Company, Chicago, 
Illinois. 

8 Thyroxin (Synthetic Cryst.), Eoche-Organon, Inc., Nutley, 
New Jcrsey. The material was dissolved in .I N NaOH, 
adjusted to pII of 8.0, and diluted to a volume containing 
50 mg in 12.5 cc. 

4 Endothyrin, IIarrower Laboratories, Glendale, California, 
a commercially prepared, partially purified thyroid prepara-
tion containing 0.995% total iodine. 

6 Protamone, Cerophyl I,abor:rtories, Icansas City, Missouri. 
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fed  massive doses of desiccated thyroid is equally cvidcnt 
in rats fed  massivc doses of thyroxin, thyroglobulin, or 
iodinatcd casein. Effccts were particularly striking in 
the thyroxin series, with a 300% survivd over an  8-week 
pcriod on diet R in contrast to  a 30% survi6al on diet 
A; similarly, animals gained approxirnatcly twice as  
much weight on diet B as  they did on diet A. Results 
were somewhat less marked in the iodinated casein series, 
possibly because of the greater thyroxin content of 
these rations. 
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