
&ociation <opther of like &lls to l;ke.-w.hen g o i n  in 
tissue culture. 

I f  the defence mechanism foi. the disposal of displaced 
normal autologous cells is in any way related to cleeaical 
immune procsjeee, then acquired tolerance to tiaaue- 
npecific antigens cannot occur MtUmlly. But it would 
appear to have been induced experimentally. for auto- 
immune discme can b9 prevented by neo-netal in j r c t im  
of the appropriate tissue. Pateraon" used a spinal cord 
ampemion $0 prevent the allergic encephalitis produced 
by nervow tissue plus adjuvant, and Chutna" wed tartsa 
oxtract to prevent airto-immune aspermatogonesis. Using 
auto-immune techniques i t  has also boen shown that 
embryonic a d  newborn rat nervous tissue is not peralytic 
for the adult, as these tiaenea do not develop specific 
antigens until a few days after birth". Their time of 
appeenrnce varies eccording to species. and follows the 
courae of myelin dsselopment. 
Cancer cells. however, at a certain stage of progreeeion. 

do eurvive when displaced. Moreovcr, when acquired 
tolerance to their species and iso-antiprna is induced. they 
survive just as u.011 in the tissuoe of an alien strain or 
species. Such cells must lack surface factors which nor- 
mally identify them, and a m a s  of evidence'.'. direct or 
indirect, hes revealed that they are in fact deficient in 
the tissue-specific antigene located in the microeornr 
fraction, that is, in the surface membranes. 

An interesting aspect of this work is that a mouse 
. tumour growing in a rat could apparently--et least f o p  n 

tim-quire the species specificity of ita host, and fail. 
in the a t e n c e  of tolerance, to grow in ita host of origm. 
There is growing evidenoel*-l' that the tumour cell surfam 
incorporates environmental constituents which would. 
as in this cam. preeumsbly noutralize im-antigens 

except under conditions of acquired tolerance, pmsuma 
bocaiine rat protein had bwn incorporated in the I 

sur:ace. Them results are in lina with the work 
Molornut**. who described a reversible hcmotmqla  
ability, while we here describe a mveraible hetero- 
plantab i 1 i r,y. 

T h e  impliationn of these resulta. both to the mechan 
of acqcirrcd t.olxanco and tho now. iindoubted imputa. 
of coll surface changc as a crucial ractor in the emorge. 
of the cIllcer oell, wem interesting. 

' Mollvr. E., Xi#hth ln&rti .  Catlnr C o w .  A M . .  95 (19621. 
'Klein. E.. Trwuphnl. Bull.. 6,  No. 2, 490 (1959). 

' NAlm. B. C.. Rkhmond. E. 0.. YcEntessrt. Y. 0. ud FOLbulllt. J 

' Salm, R.  C.. Pothcrslll. J.  E., YcEntegsrt. Y. 0 .  and B*hmoad. E 

' Kogrorskl. H . .  Nnlure. 176 1087 (1955). 

Anum, D. B.. Ana. N.Y. A d .  Sd., U, 706 (IWb-'% 

m. nd. J. .  11. isss ~1960). 

Bril. Ycd. J . .  I I .  l i e 1  (1962). 

Ynrker, K. C., Y& a/ TU- CuUur. Iu (Paul 8. fiab+r Iac.. .' 
York. 1950). 

' Omen. H .  N., Brif. Mcd.  J . .  11. 1378 (1950. 
Jhnw. J., l k p t .  Anntnmy. Medical Schml, 1,ccds. prsonal communierl 

"Green. H .  S.. Cannr. ed i l .  by I luven. H. N'., 1. 1 f h o d o n .  Rutternor 
" Molllaon. 1'. L.. Prw. Hw. Soc. Yd.. S6. 915 (1W2). 

I' Patarmn. P. Y.. dnn. X.Y.  A d .  Sei., 7S. 811 (1058). 
''Chutru, J.. VoJthkova. M., Rychllkova. M. and Pokonu. 2.. Y'rmup 

;' K . b . 1 .  E. A.. Abner. W. and Bczer. A. E., J .  E r p .  Yd.. U. 117 (191; 
' Ylnnd. E. A. and HoITmn, J.  G.. P r a .  Sa. E r p .  B d .  Ycd..~.bsd (1( 

I' Ylnnd. E. A.  and HAutchtrr, T. 9.. Pra.  dnn. A u a .  C a m  R u . . L .  

I* w. T.. Ndm. R. C. and Potherglll. J .  E.. h'ufwe.l#O, 1108 (1982). 
I* Oreen. H. N., A m .  N.Y.  A d .  Sei.. 68, 288 (1957-8). 
" UUU. 9. E., Nature. lw, 851 (lW?).  

" Molkr. 0. and Moller. E., AM. S.Y.  dad. Sei.. 0% 6 0 4  (IW?). 

1' A I V O ~ .  E. c.. J .  rtemund.. a. 352 (1910). 

B d . .  LO. No. 2504 (1962). 

(1066). 

Ohr, J. S.. h t u r e .  lm, 957 (1980). 

Molomut. 1.. Conar I&#.. 18W. 906 (1958). 

A UNIVERSALLY APPLICABLE METHOD FOR ASSAYING THYROID 
FUNCTION IN VERTEBRATES 

By DR. C. C. LUSHBAUGH 
LeAl rmca  Scientific bboratov.  Univcniry of California, Lor Alrmor, New Mexico 

MPARATIVE physiology neods a univomlly c applicable metbod for measuring thyroid activity 
whiah u non-dedructive and independent of size of 
a n i d  Thyroid function is  at preesent meesured in small 
vertebrates by histological appraieel of the height of the 
thyroid acinar epithelium'. More recently, the serum 
iodine-131 oonveraion ratio has been ueed for this pur- 
-*. Both methods, however. usually involve killing 
the animal, because thyroid tiaeuo or rotatively large 
crmounta of blood lrerum must be obtained. Although 
thyroid uptske of iodine-I31 has been examined in mica 
and rats by smell collimated d i m  iodine crystal ocin- 
tillornetera*, aa commonly done clinically in man. this 
method is not applicable to more minute mammal or 
non-nurmmrlinn vertebrate& particularly aquatic npecien. 
A method of mssmning thyroid funation by determining 
thyroid iodine binding by whole-body aumsp of retention 
of iodine-131 is reported here becaw i t  in nondeatruative, 
roquim a minimum of handling rurd restraint, and d w  

not require collection of aerum or excreta. It is a 
independent of body size and shape and locnlization 
thyroid tissue. 

The method requires a ocintillometer with a -11 le. 
enough to  bold the entire body. For minute speciee 
sodium iodide crystal well counter ordinarily used 
a m y  serum semples can be u e d .  For animals grea 
than 5 cm. in length, either a tank-type liquid acintii 
meter or two large, flat-aurfaced mdium iodide cryor 
are needed. In order t o  reduce to a minimum the imp 
tsnca of the geometric localization of iodine-131. t 
animal is placed between two crystals in pennsnen 
fixed position, or within the well of the tank-type liqi 
ocintillometer. In the method described hem, three liqi 
rcintillometera, known recrpectively the Loa Alrn 
SXIUJI Animal Counter'-', HUW I' and Humm I 
ware w d .  The oounter for amall animala'.* conairted 
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ml8tion to the individunl counting apparatus so that R 
maximum countlng rate can be achieved immediately 
after administration of tho dose without coincident or 
mechanicel lose of colmts. The route of edmini~tration 
is chosen which suits best the specien being etudied. 
Intravenous dosage is ~muceaeery because gsetric and 
peritoneal absorption ot iodide is complete. Thus, the 
iodine-131 is givcn coilmionly b>- atcmecb tubc s r  intm- 
peritoneal injection to moat enimels. It can be adminis- 
tered in the d r ~ n g  water or in the tank in which the 
fish or amphibians reside. In frogs, injection into the 
dorsal l ~ m p h  .sac seems t hc best route. The animals arv 
seeeyed in the whole-body counter i m d a t e l y  after tho 
dose is given or absorbed, and the total (or 100 per oent) 
dose is determined in whole.body counts per second for 
each animal. Indi\<dual whole-body retention curves are 
t.hen deMrm&ed by recounting the animals at successive 
intervals rn t h e  same rnaiuicr. Thc nccessorj- frcqurncy 
of assay is dctcrmincd by the rapidity of ur inav  excretion 
of unbound iodide in t h e  species being studied. Since in 
iiiost anirnHls. inrludmg man. urintrryrxcrct ion of unbound 
iodide has a half-time of 6-9 11. unbound iodine-131 
siifficient in amomt  t o  raise the whole-body radioactivitv 
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Fk. 2. \Vhobbbody rekntlon curve (buvy Uoe)  of Iodloe-131 In 06 
wtmul hurmn rubjects and the two exponenth1 -ion Hna (dotted) 
oornpoalnu it. The thir. llnee ~ m l l e l  lo the %nod airnponcnt line 
(protdn-bound lodiue Compriinient) rcpment rlre 66 and C5 pst a n t  
flducinl Iimil. of !lie Rtlrii  (Iirnvy) liiir. nrtrn1in.i of i,dine.l31 within 
thl8 a m  (10-Z per cent) in wrm?l. The half-tims regnmlon rate In 

I h I b  miiipnrtnicnt m man in Dl 9 dnys 

Rignificantly is p m n t  for only 3-4 dnys*,'e. -4fter 
t.his tinic. wholr-body rediomti\ity is due to bound 
iodine-131 in the thyroid and in the circulstionio. Aeseys 
performed at daily intenale for one week are, therefore, 
frequent enough to determine the shape of the whole- 
body retent.ion curve for most npecies. Aft,er this curve 
haa been detennined once for B species of animal, thyroid 
iodine uptake can then be determined by this method 
with only an initial (or 100 per cent) B E B ~ ~  and a second 
one 3 4  days lat.er. This economy of measurements is 
possible because the size and regression rates of the metr- 
bolic compartments which determine the shape of these 
ciirves for whole-body retention of iodide are typical for 
each species. 

I n  Fig. 1, three whole-body retention curves for 1 pc. 
of intraperitoneally injected sodium iodine- 131 are ehoum 
to illustrate typical resrtlts obtained b?- this method. 
These curves arc fitted to the arithmetic mmns for the 
data obtained from uholo-bod!. counts of three t i p  
8818m8nders (A.  tigrinurn), four frogs (R. cafabeiCma) and 
six t o d s  ( B .  amcrzcanua). The terminal straight portion 
of each cur\'e has been ex?rapolated back 1.0 zero time 
by the dotted line. T h e  point of its interoept with the 
ordinate is coxwidered the percentage of the whole doee 
that  was bound t o  protein by the thyroid gland and is 
clinically called 'thyroid uptake'. The level of inter- 
ception of this line can be lowered by feeding sufficient 
inert iodine to block thyroid function and, in 8ome 
species, raised by prc-injection a i th  th>~oid-stimdeting 
hormone. For the epecies examined here. the mean 
thyroid uptake was : salamander, 2 1 per cent ; frog, 18 per 
cent; end toad, 6 per cent. By this method. normal man 
has a thyroid uptake within the rsnge of 10-27 per cent. 
with a mean of 18.47 f 0.93 per cent' (Fig. 2). 

Hypothyroid man hae a thyroid activity remarkably 
e i m h r  to ths t  of the to& meeaured in this examinations. 
The elopes of the terminal straight portion of the retention 
c w e  indicate that the rates of utilization of the protein- 
bound or hormonal iodine differ widely in there species. 
The s l o p  for the toad 8 p p r O X h 8 h E  that for n o m 1  man. 
where the regretmion formule for this exponentkl portion 
of the curve has been found to indicate a turnover rat+ 
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OF FOOT-AND-MOUTH DISEASE VIRUS 

By D. N. PLANTEROSE. B. CA'RTWRICHT and F. BROWN 
Research Institute (Anlmrl Virus Diswes) .  Pirbright. Surrey 

T has been shown by differential centrifugation' and I agar diffusion' that foot-and-mouth dieeeee virus 
stqmnsions contain two compononts which fix comple- 
ment with tj-po-spocific antisorum. The two cornpononts 
bohave differently on heating at 56". The 25mq infective 
component is broken down to its ribonucleic mid and a 
component serologically indistinguishable from the natur- 
ally occurring emall componentas' with an approximate 
doubling of the complement-fixing activity, whereas 
the smaller, non-infective, component appeers M undergo 
relatively minor changes. Bredieh and Bmoksbp' ahowed, 
however, that the ern811 component, prepared from guinea 
pig pad epithelium by ultra-centrifugation at 45,000 
r.p.m. for 54 min, lost about 25 per cent of ita complement- 
firing activity on heating at 56". They considered this 
lability to be a normal property of tho small componont,. 
In the experiments describod here, we h e w  found that 
the eeparated 25-mp component as well ee the emall 
component poasesees some complement-kmg activity 
which is destroyed by heating at 56", the proportion of 
labile and stable ectivity dependmg on the time at whch 
the virus is collected after infection. 

Heat-labile complement-fixing activity hm been ob- 
t ~ ~ e d  in all the different 80urc88 of virue we have 80 far 
examined. With unfr&ionsted virus auepensions pre- 
pared from the leg musoles of 7 days old mioe p~pelyeed 
after intraperitoneal inoculation of the virue end the 
herveate prepared from rmspended o d t u n a  of bovine 
tongue epithelium Eragments infected with the vir-, 
the proportion of heat-labile complement-firing ectivity 
was much greater thsn we have normally encountered 
with guinea pig pad vesicle fluid. In Borne of the tangue 
epithelium cultures collected 18 h after mfection, 88 
much a8 80 per cent of the complement.fixing activity 
WM destroyed by heating et 56' for 1 h. 
Efforts have been d e  to separate the heat-labile 
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epithelium culture ahowed a b s  of complemen 
activity on heating at 56" (Fig. l b ) .  These results BU 
that the properties of the two componenta m 
influenced by the time at uhich  they were c 
from the infected tissues. . - .  A 


