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protamine in the presence of added RNA, 
DNA or PES. Control homogenate preincu- 
bated without protamine maintained a level 
of ATP while homogeiiate preincubated with 
protamine was devoid of ATP. Homogenate 
preincubated with protamine plus PES main- 
tained a level of ATP equal to the control. 
Protarnine inhibition also could be reversed 
with large amounts of ATP. Evidence that 
protamine combines with factors, presumably 
“free” or “combined” RNA, concerned with 
maintenance olf ATP levels rather than with 
ATP per se, was found by activity of ATP in 
an in vitro enzyme system that requires ATP 
was not influenced by protamine to ATP lev- 
els comparable to those involved in the bio- 
synthetic experiments. Our findings lead to 
the interesting question, implied or discussed 
by a number of authors, of the extent to which 
control of biochemical activity within the cell 
is regulated vin basic proteins. It appears 
that if a strolngly basic protein such as prota- 
mine were elaborated intracellularly activity 
requiring ATP might be depressed as a con- 
sequence of unavailability of “free” or “com- 
bined” RNA. On the other hand, some de- 
gree of RNA-protein combination appears es- 
sential to protect RNA from intracellular 
RNAse. Our studies have shown that “nu- 
cleoprotein” of autoclaved liver extract is re- 
sistant to RNAse but after separation of the 
moieties the RNA is then susceptible to 
RNAse. Thus a number of factors that have 
been loosely characterized in the literature 

dealing with “tightness” with which phos- 
phorylation is coupled (or uncoupled) to oxi- 
dation may represent proteins of varying af- 
finity for polyanions of the cell that seem to 
be concerned with maintenance of A T P  levels. 

Summary. Protarnine is a potent inhibitor 
of a system essential for conversion of meva- 
lonic acid to cholesterol. Evidence was pre- 
sented that protamine combines with a poly- 
anion, presumably “free” or ‘Lcombined” 
RNA, that is essential for maintenance of an 
ATP level required in utilization od mevalonic 
acid. 
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TABLE I. Effect of Neomyciri 011 Eotly Weight, Coliforin Count of Stool arid Aort ic  Athero- 
sclerosis. 

Colif orm count/g 
Diff. wt Degree 

Group ( k g )  C t gi 11 ni ng End of As* 

I Oral iieoniyciii + cliol. + . W  6.2 x 10' 4.1 X 102t 1.75 
I1 Ohol. + ..5 43 X l o i  6.6 X l o s  .75 
T I 1  Intraniusc. neoni,wiii + c~liol. + .'i 3.2  X lo7  3.6 X lo7  .83 
TV Oral rieomycjn 4-1.0 7.3 x 108 6.0 x 1 0 v  0 
V Intraniusc. i i ~ o i i i y i l t  + 1 . 1  (j.2 x 10i 4.7 X 10' 0 

atherosclerotic process associated with the lat- 
ter. 

Forty adult. white 
rabbits initially weighing 2 kg were di\rided 
into 5 groups, each containing equal numbers 
of both sexes. Group I consisted of 12 ani- 
mals maintained on 270 cholesterol diet and 
drinking water containing 0.57. (w 'v) neo- 
niycint Eight rabbits of Group I1 main- 
tained on cholesterol diet and drinking water 
without neomycin. Group I I1 comprised 8 
animals receiving cholesterol diet and daily 
intramuscuiar injections of 50 mg of neomy- 
cin. Group TI' consisted of 6 animals main- 
tained on stock laboratory diet without cho- 
lesterol supplement and drinking water con- 
taining 0.5 76 neomycin. Group Ir consisted 
of 6 animals maintained on stock cholesterol- 
free diet and tap water but received daily in- 
tramuscular injections of 50 mg of neomycin. 
All animals were sacrificed after 70-72 daj-s 
of treatment. Animals receiving neomycin 
orally consumed a total of 30-40 g of the drug 
during experimental period. Blood was ob- 
tained by cardiac puncture prior to sacrifice 
and total and esterified cholesterol determined 
by Schoenheimer and Sperry method (3 ) . total 
lipids according to de la Huerga ct  al.  ( 4 ) .  and 
lipid phosphorus by the method of Youngburg 
and Youngburg( 5 ) .  Coliform counts were 
made on samples of stool before initiation of 
experiments and at time of sacrifice. Degree 
of aortic atherosclerosis was estimated a t  ne- 
cropsy as described previously ( 6 )  . Organs 
and aorta were routinely stained with henia- 
toxylin and eosin after fixation of tissue i n  
1 Oyo neutral formalin. Hlood pressure was 
determined on % of animals of each groul) 1)y 

il/czfcrid (Inn m t l z o d .  

t Administered as M pciiradiri Sulfate ; gencrouslhr 
furnished by Upjohn Co. 

the ear-capsule technic of Grant and Roths- 
child ( 7) .  

Rcsults. No toxic effects of neomycin were 
noted. All animals receiving cholesterol diet 
exhibited less weight gain than rabbits main- 
tained on cholesterol-free, stock laboratory 
diet although food consumption was consid- 
ered comparable (Table I) .  Prolonged ad- 
ministration of neomycin orally or parenter- 
ally failed to influence these changes in body 
weight. Coliform counts on aliquots of stool 
were significantly reduced oaly in animals re- 
ceiving neomycin orally whether maintained 
on cholesterol or stock laboratory diets. Ele- 
vation of serum lipids (Table 11) attendant 
with cholesterol feeding was significantly 
greater in rabbits suibjected to oral neomycin 
(Group 1)  than in those of Group I1 that did 
not receive this drug. Similarly, aortic athero- 
sclerosis as indicated in Table I and Fig. 1 
and visceral lipoidosis were greater in the 
former (Group I). Serum lipids and degree 
of atherosclerosis were similar in cholesterol- 
fed rabbits subjected to intramuscular injec- 
tions of neomycin (Group 111) and those not 
receiving this drug (Group 11). Administra- 
tion of neomycin to animals not receiving cho- 
lesterol failed to alter their serum lipids or 
normal appearance of the aorta and viscera. 
*All animals remained normotensive and dif- 
ferences observed were not related to sex. 

Histologic study failed to disclose signifi- 
cant qualitative differences in atherosclerotic 
lesions encountered in neomycin-treated or 
untreated animals fed cholesterol. No evi- 
dence of renal damage was apparent in ani- 
mals receiving neomycin. 

The effect of orally adminis- 
tered neomycin in cholesterol-fed rabbits all- 
])ears similar to that observed in the rat hy 
Broitnian ct  al.  ( 2  ) , producing a greater eleva- 

C'omment. 
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T: Oral neomycin + ehol. 1 2  1580 rt 229 666 2 143 2275 -t- 250 32 + _ 6  
I1 Chol. 8 938 t 2 6 4  373 +_ 140 1573 k 2 5 4  2 0 + _ 8  
T I 1  Intrainuse. iieoinycin + chol. 8 963 +_ 218 390 2 80 1370 -t- 230 19 +_ 7 
I V  Oral neomycin 6 1 1 0 2  10 6 8 2  1 0  247 2 63 3 2 .05 
V Intrarnusc. neoniycin 6 1 0 1  f 6 61 t 6 2 1 0 2  71 3 & .06 

P groups I & I T ,  1 & I11 < . O l .  

tion of serum lipids and a more severe degree 
of aortic atherosclerosis than in untreated, 
cholesterol-fed controls. Accentuation of vis- 
ceral lipoidosis was also observed in orally 
treated, choleslterol-fed rabbits. Although oral 
administration of neomycin resulted in 
marked elevation of serum lipids in the cho- 
lesterol-fed rabbit this agent was without ef- 

J'fG. 1. Mcheinatic representation of tlcgree and 
distribution of aortic atherosclerosis. 1. oral I IW-  

niycin, cholesterol-fed ; 2. untreated, cholesterol- 
fed  ; 3. intramusc. neomycin, cholesterol-f ed. 

fect on endogenous cholesterol metabolism in 
this species. These findings are unlike those 
observed in man in whom significant decreases 
of serum lipids have been noted following oral 
administration oif neomycin( 1).  The greater 
degree of aortic atherosclerosis and visceral 
lipoidosis resulting from oral administration 
of neomycin to cholesterol-fed rabbits appears 
related to the greater degree of hypercholes- 
terolemia in these animals. Other factors 
noted to influence cholesterol atherosclerosis 
in the rabbit such as undernutrition, hyper- 

P groups I1 & 111) I V  & v >.1. 

tension or alteration of the cholesterol: phos- 
pholipid ratio were not apparent. Altholugh 
the exact mechanism responsible for the ef- 
fects of neomycin in the rabbiit is inapparent 
it appears reasonable to assume that it is re- 
lated to increase in intestinal absorption of 
cholesterol. Intramuscular injections of neo- 
mycin failed to alter degrees of lipemia or 
aortic atherosclerosis in treated cholesterol- 
fed rabbits from that observed in cholesterol- 
fed controls. It appears significant that orally 
administered neomycin is highly stable in the 
intestinal tract and is almost totally (97%) 
eliminated by this route, whereas that follow- 
ing intramuscular injection is excreted in the 
urine. Whether the accentuating effect of 
orally administered neomycin on cholesterol 
atherosclerosis is related to depression of in- 
testinal bacterial flora resulting frolm admin- 
istration of this drug remains to be demon- 
strated. 

Summlrry . Prolonged oral administratioln 
of neomycin resulted in a greater elevation of 
serum lipids and more severe aortic athero- 
sclerosis and visceral lipoidosis in cholesterol- 
fed rabbits than in untreated cholesterol-fed 
controls. Failure to observe these enhancing 
effects following intramuscular administration 
of neomycin indicates that this action is re- 
lated to increased absorption of cholesterol. 
Neomycin was without effect on endogenous 
cholesterol metabolism in this species. 

~~ ~ 

1. Samuel, P., Steiner, A., PROC. SOC. EXP. BTCX. 

2. Broitman, S. A., Kinnear, D., Gottlieb, L. S., 
Bezman, A., Vitale, J.  J., Zamchek, N., Fed.  PYOC., 
1959, v18, 471. 

3 .  Schoenheimer, K., Sperry, W, M., J .  Biol. Chenz., 
1934, v106, '145. 
4. de la Huerga, J., Ycsinick, C., Poppcr, TI., 

A v ? ,  J .  Clin. Path., 19\53 v23, 1163. 
5 .  Youngburg, G. E., Youngburg, M. J . ,  J .  Lab. 

AND MED., 195'9, V100, 193. 



860 THYROIDAL HORMONES IN IODINE DEFICIENCY 

and Clin. Med. ,  1930, v16, 158. 7.  Grant R. T., Rothschild, O., J .  Physiol., 1934, 

6. Fisher, E. R., Creed, D. L., Baird, W. F., Lab. v81, 265. 
Received February 15, 1960. P.S.E.B.M., 1960, v103. Invest., 1958, v7, 231. 

Peripheral Metabolism of Thyroxine and Triiodothyronine in Iodine 
Deficient Rat.*+ (25697) 

JOSEPH I). FELIIJIAX (Introduced by F. J. Dixon) 
O c p t .  of Puthology ,  17nivcr\i tg of Pittsbirrgh Srhool of Medicine, Pittsburgh, Pa. 

In the iodine deficient rat. iodide trapping 
activity and rate of hormonal secretion I)? 
thyroid are markedly enhanced ( I ) ,  Morpho- 
logic and metabolic aspects of the gland in- 
dicate extreme activity while there is insuf- 
ficient output of hormones. The present es- 
periments were therefore undertaken to deter- 
mine whether the iodine deficient state influ- 
ences peripheral disposition of thyroidal hor- 
mones. more particularly. rate of disappear- 
ance from serum of radiothyroxin (T4*) and 
radiotriiodothyronine (T3*) ,  their space of 
distribution and quantity of hormone de- 
graded daily. 

In each esperi- 
ment, 14 male rats were divided into 2 groups 
of 7 each. One group was placed on iodine 
deficient diet: and distilled water for 5 weeks: 
the control group received tap water and pel- 
let diet containing 43 pg of Kl ”100 g of diet. 
Then, all rats were injected subcutaneously 
with 50 n ~ g  of propylthiouracil (PTU)  in 0 . j  
ml of saline and 15 minutes later via tail vein 
with about 20 pc of radiohormone.0. They 
were bled from tail vein at 6 and 12 hours and 
every 12 hours thereafter until autopsy. a t  
which time they were exsanguinated. For 
T4*, period of observation lasted 7 2  hours. 
and for T3* 48 hours. Urines and feces were 
collected for each 24 hour period. At autopsy, 
thyroids were removed: cleaned of adventitial 
tissue, and weighed on torsion balance to the 
nearest 0.1 mg. Radioactivity in thyroids, 

i l l a t e r ids  cznd methods.  

*This  work was supported 11y grant of U.S.P.HS 
t Reprint Xo. 240 of Dept. of Pathology, Univ. 

Nutriticnal Biochemicals C‘orp., Cleveland, 0. 
6 Radiothyroxine and radiotriiodothyroninc werc 

of Pittsburgh School of Med. 

aupplied by i\bbott Labs., Oak Kidgr, Tcnn, 

urine, feces and whole carcass (minus blood 
and thyroids) was counted. A measured ali- 
quot of serum from each bleeding was counted 
for total and Somogyi precipitable radioac- 
tivi ty . Half-lives of radiohormones were de- 
termined by inspection af the disappearance 
curves, constructed on semi-log paper plotting 
serum radioactivity against time in hours. 
Space of distribution was calculated from total 
radioactivity injected, divided by counts/ 
rnin ‘ml of serum a t  zero time, the latter figure 
obtained by extrapolating the straight line of 
disappearance curve to the olrdinate axis. 
(‘hromatograms were made from extracts of 
each bleeding and from each 24 hour urine 
collection. One ml of serum from each animal 
of a group was pooled for each bleeding. 
Pooled sera and a mixture of mono-iodotyro- 
sine, diiodotyrosine, triiodothyronine and thy- 
roxine were prepared for chromatography as 
previously described ( 1 ) , using butanol-acetic 
and water-collidine-ammonia systems. XaI 
solution was run separately in the same chro- 
matocab at the same time. Spots were de- 
veloped with sulfanilic diazonium chloride and 
palladium chloride for iodide ion. The chro- 
matogram was divided into 1 cm wide strips 
and each strip counted. The  spots were then 
removed and counted. Urines for each 24 
hours were handled in the same fashion. Se- 
rum 1127 determinations were done on sam- 
ples taken from rats at autopsy.11 

Results. Disappearance of radioactivity 
from serum of rats given PTU and T4* was 
linear over 72  hours. The half life of hormone 
was approximately 18 hours in both iodine de- 
ficient and control groups of animals. In Fig. 

11  Performed in laboratory of Dr. J. Sugarman, 
Pittsburgh, Pa. 


