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LABORATORY ,!TLIABUS FOR BIOPSYSICS 

The main instruments t o  be used i n  these exerciaes w i l l  be the 
Lauritsen electroscope and a Geiger Muller counter. 
used has a very fine quartz fiber which is gold plated and is  attached t o  
an smber pos t  and, in addlition, has cemented t o  it a crose bar which can 
be viewed through the eye piece. 
v o l t s  DC i s  epFli& t o  the electroecope, the quartz fiber is bent away f'rom 
the  s ta t ionary  post  s ince they have the same charge. 
bar c loaer  t o  zero on the scale .  
the croes bar  depends upon the voltage applied. Even In the ebeence of a 
radioact ive sample, the Ch8rge w i l l  be gradually reduced because of 
electrical  leakage in  the system, and the ionizat ion caused by the cosmic 
ray rad ia t ion ,  as w e l l :  . the radiet ions from surrounding obdecte. In 
an electroecope of average eens i t iv i ty ,  aome 10 t o  20 minutes might elapee 
f o r  the cross  h r  t o  cover 10 small divisions on the scale .  The electro- 
ecope i e  charged from 1 t o  4 l a rge  divis ion more than the  region on t he  
scale through which the measurements are made. 

The electrosoope 

When an electric charge of about PO0 

This moves the cr088 
The amount of charge or def lec t ion  of 

The first maneuver shmld be t o  determine the backe;round of t he  
pa r t i cu la r  instrument used f o r  5 divis ions i n  the  portion of the eca le  t o  
be used. This m y  be of the order of ,005 divis ion 8 eecond. A bsck- 
ground should be taken each t i m e  the ins t rumnt  is uaed. Sinoe the back- 
ground varies w i t h  the measuring instrument and the surrounding conditions 
and n o t  the sample being run, i t  is always subtracted from the combined 
r a t e s  of discharge of a radioactive sample and the background i tself .  
For example, i f  it is found t h a t  a radioactive sample plus the h8ckFound 
discharges t h e  electroecope a t  a rate of .05 divis ions per second and t he  
background is .OO5, it cen be seen that the a c t i v i t y  contributed by the  
sample alone would be .045 divis ions per second. A n  examination of the 
electroscope w i l l  lshow t h e t  the  aluminum can surrounding the fiber hae 
been modified BO t h a t  a very th in  aluminum f o i l  window is placed under- 
neath the  sample holder.  
ment. Great cam must be exercised in placing samples near the window 
since it I s  very fragile and can be e a s i l y  punctured. 
be placed i n  the sample holder of the electroscope which are d i s t i n c t l y  
warmer o r  colder  than the surrounding temperature eince these w i l l  cause 
convection currents  i n  the electroscope. 
reedinge 

This permits bets p a r t i c l e s  t o  en te r  the 'Lnstru- 

Samples should no t  

These will cause i r ra t ic  

Geiger Muller Counter 

The Gelger Muller counter i s  a very simple s t ruc ture  composed of 
e meta l l ic  cy l indr ica l  wall and a w i r e  i n  the center  which is t ipped w i t h  
8 glase bead. 
and a very th in  mica window i s  fastened upon the f l a t  Dart of the bell.  
The tube is  then f i l l o d  wi th  some nonootomic gam, such am helium, argon, 
krypton o r  xenon. I n  addition, erne polyatomlc gas is edmitted, such as 
alcohol,  in order that the tube w i l l  "quench" itself a f t e r  each count, 
thereby stopping any fur ther  diecharge u n t i l  another Ionizing event occurs 
within the counter. This tube is  always connected t o  8ome type of c i r c u i t  
which w i l l  supply the  necepeary voltage t o  allow the tube t o  operate i n  
the Geiger h l l e r  region (1000 t o  3000 vol t s ) .  I n  sddi t lon t o  the  above, 
the pulees produced by the tube are amplified by the c i r c u i t  80 t h a t  they 

These two parta  a r e  enclosed in a b e l l  shaped glass envelope 
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hsve eu f f i c i en t  magnitude t o  ac t iva t e  some type o f  recorder. 
s c t u a l l y  eend out  a signal only a f t e r  every eighth pulee, o r  some number 
folloxing f r o m  the geometric1 progression of the number P, such as 16, 32, 
o r  64. Theee are correspondingly ca l led  scele  of e ight  o r  sca le  of s ix ty -  
four c i r c u i t s .  When a Geiger Muller counter i a  i n  operating condition, 
even though no sample of a c t i v i t y  i s  present, I t  has a background which 
i s  due t o  (1)  cosmic rays and (2) the  presence of na tura l  rad ioac t iv j ty  
i n  the ir11~ned18te environment. 
of approximately 2 by shielding the counter tube w i t h  one t o  two inches o f  
l ead  which cu ts  down the cosmic ray in tens i ty .  
the volume uecd f o r  t h i e  c o w ~ e  would have a background between one and 4 
counts per second. 

Most c i r c u i t s  

The beckground can be reauced by a f e c t o r  

Such a shielded tube of  

MERCISE f 

Decay curves. 
Standarization of counter and electroecope. 
Crose ca l ibra t ion  of counter and electroecope- 

If the i n t ens i ty  of a radioactive mterial  is known f o r  ~ o m e  time 
period, it is posslble t o  ca lcu la te  the decay f o r  other time periods 
through the use of a formula such as: 

It = I o  
- 

Time elspeed 
Helf l i f e .  

Example 1. 

Act iv i ty  I, = 10 microcuries 

10 Time elapsed = 5 days then It : 
Half l i f e  = 5 day6 

-m 
I t = S ’  

Example 2. 

H a l f  l i fe  5 days 
Time elapsed = 8 days 
1, = 10 mil l i cu r i e s  

10 M.C. 
It. = ‘3-815 

10 
. 3  x 1.6 (log of  3 being obta’ined from a l ide  rule)  It = - l o g  of 2 

10 - 10 
I t s  a n t i  log .46 or  5.03 ( a n t i  log being obtained from s l ide  r u l e )  

= 3.33 mil l i cu r i e s  It 
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?ART I 

Charge electroscope t o  about 4.7 and start a background count when 
the  cross ber has reached 5 .  
t o  travel between 5 and 6 and express results i n  divis ions per eecond. 
value might normslly be a n p h e r e  from .001 t o  .OO5 divis ions per  eecond 
depsnding upon t h e  e e n s i t i v i t y  of the electroscope and t h e  background from 
cosmic rays and the amount of rad ioac t iv i ty  about the  instrument. 

Compute the time elapsed for the cross ba r  
This 

PART TI 

Obtain 8 sample of‘ P32 of knm a c t i v i t y  and a sample of 
determine r a t e  of t r ave l  an electroscope. 
t r ac t ed ,  this information can be mkd i n  the following manner: 

1131. 
a c t i v i t y  on log sca le .  

end 
After the background i s  sub- 

Y 

e .  The data  i s  used on f i re t  point  on a decay curve of ~ 3 ’  ana. 

Use t h i s  date t o  ver i fy  decay curve. 
P lo t  data on 3 cycle semi-log paper w i t h  days on l i n e a r  scale ,  

It : I o  - 
2 time elapsed 

half  l i f e  

b. Since stsnderda furnished a r e  ce l ibra ted  in microcuries a t  the 
time first measurement wee taken, it i s  pos f ib l e  t o  ca l ib ra t e  thc particular 
electroacope used eo t h a t  1 microcurie is equal t o  x divis ions per  second, 
providing the geometry of sample is duplicated and both eourcee are of 
near ly’  the came energy. 

PART 111 

Cross Calibre t ion  Counter end Plectroscope 

Obtein sample of F3p 1/100 times a s  ac t ive  ae  t h a t  used with the 
electroscope,  
eecond. A f t e r  beckground is subtracted,  ca lcu la te  velue f o r  1 microcurie 
i n  counts per second. 
constant  f o r  beta omittors providing tho  geometry is duplicated.  
r e s u l t s  with e sample of radio-iodine of su i t ab le  a c t i v i t y  f o r  use in 
counter.  

Run on Geiger counter and express r e s u l t s  i n  counts per 

It can be seen t h a t  t h i s  value w i l l  be f a i r l y  
Check 

PART IV 

Calculate how many counts per second on counter will equal one 
d i v i s i o n  per second on electroscope f o r  phosphorus and iodine.  
aeon that the  two instruments which heve grea t ly  d i f f e r e n t  s e n e i t i v i t i e e  
can be used together i n  8 quant i ta t ive  manner. 

It can be 

EXERCISE I1 

a., Mssa Absorption Curve. 

1. Take sample of mdioac t ive  phoephorue which waa usdin 
Exercise  1 fo r  electroscope ca l ib ra t ion  and place in standard pos i t ion  
on t h e  electroscope. 
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2. Obtain a series of aluminum f i l t e rs  which alone o r  i n  
combination w i t h  each other w i l l  give the following f i l t e r  thicknesses: 
1, 3, 3, !+, 5, 7, 10, 15, 20, 30, 50, 70, 100, 150, ?OO m i l s .  
a rea  of each f i l t e r ,  weigh and calculate  mse i n  mi i i ig ram~ C D - ~ .  

Measure 

sample 
ing the 

3 .  The background of the electroscope i s  determined. The 
t o  be used i s  then measured for  a c t i v i t y  a t  zero mas@ and a f t e r  add- 
filter combinations mentioned above. It can be seen a f t e r  detenn- 

i n i t i o n s  e r e  made t h a t  t h e  value of the background becomes important a6 
f i l t e r  ma88 is  increased to 8 l a rge  velue. 
must be accurately known. 

For this resson, the background 

4. Repeat procedure i n  Part I11 with 1’3’ which i s  a beta and 

After backsround has been eubtmcted, p lo t  data on 3 cycle 

,438nnna emit tor  and wi th  C14. 

5 .  
eemi-log paper placing a c t i v i t i e s  on log side, and UBES increments on 
l i n e a r  side.  Compare curves. 

b. Self Absorption. 

Although  mas^ absorptibn curves a r e  useful f o r  physical  ident- 
i f i c a t i o n  of various radio-elements, corrections for  mas8 ebsorption i n  
t h i s  manner I n  ac tua l  prac t ice  a re  r a r s l y  possible i n  the b io logica l  
sciences. 
mixed with  the redio-element used. 
t o  correct f o r  maee encountered during euch s tudies .  Because o f  the ease 
i n  obtaining th in  films,. r i t h n r  wc l to r  iS uaed or -d l lu t c  acid t o  clctcrmina 
t h e  chango of mcaGurcd a c t i s i t y  as 8 function of me@ of  the samplc. 

porcelain dish rubl?ing it over the surface of the dish caref’ully. 

The TIL988 of the system t o  be studied is  usually int imately 
It is therefore necessary t o  be able 

1. Place a small amount of aerosol or l iqu ld  eoa? on a 

3 .  
a c t i v i t y  s o  t h a t  1/10 of one cc w i l l  bc equivalent t o  approximstely 80 
counts per second on the counter. 

3. 

Obtain a so lu t ion  of radio-phosphorus w i t h  s u f f i c i e n t  

Plaoe 1/10 of one cc of the ac t ivc  solut ion i n t o  the  d ish  
mking 8n e f f o r t ,  w i t h  the a i d  of the  aerosol,  t o  combletcly cover thcdish  

k i t h  the f i l m  of the ac t ive  solut ion.  

4.  Determlnc: the t o t a l  number o f  counts per  second the sample 
givee . 

5. Remove dish and add d i lu t e  acid so thet  beforc each mcesure- 
ment there w i l l  have been O.?,? 0.3, 0.5, 0.7, 1.0, 2.0, 3.0, 4.0, 5.0 grams 
of water i n  the d ish .  
to each measurement. 
from the or ig ina l  sample i s  reduced each time addit ional  ma88 i s  added. 
This s i tua t ion  being s imi la r  t o  t h a t  encountered when radioactive mater ia ls  
a r e  incorporated i n  maes of biological  or igin.  After the d i sh  has been 
measured a t  a level which contain 5 gmm, the e n t i r e  mater ie l  i e  cvapor- 
a t e d  t o  dryness on a h o t  p l a t e  below boiling and measured again f o r  zero 

material has been l o s t ,  t h i s  should be the same o r  s l i g h t l y  more ac t ive  then 

Mix the solution careful ly  by ro ta t ing  the  dish p r i o r  
It  w i l l  be seen t h a t  the  apparent a c t i v i t y  s r i s i n g  

care b i n e  taken t o  prevent bo i l ing  o r  spat ter ing.  Providing no 



the o r ig ina l  1/10 of 8 cc added. 
m p h  paper having t he  percent of the a c t i v i t y  r emin ing  on one side, the 
Increments of m38@ on the other .  This curve can be used t o  o b b i n  t h e  
a p ~ r o p r i a t e  mase absorption correct ions f o r  any ms8 f a l l i n g  i n  t h e  
l i m i t s  of the curve. 
radio-element studied s ince the shape of thc curve depcnds upon the  encrgy 
of the rad ia t ions .  

The da ta  obtained i s  p lo t ted  on ordinary 

A =BE absorption curve must be obteine8 f o r  each 

EXERCISE 111. 

1. ObtRin e r a t  which has been given radio-phoephorus. Sac r i f i ce  
the animal and determine i ts  t o t a l  weight. 
l i v e r ,  spleen, kidneys, i n t e s t i n a l  t r a c t ,  sample of bone from femur of thc 
r i g h t  leg, dissect out the  l e f t  leg e n t i r e l y  s ince this WBS the in jec t ion  
s i t e ,  skin,  muscle, and brain. Determine w e t  w e i g h t  of these t ieeuee,  
place them i n  su i t ab le  pyrex beakers, including the carcass of the animal 
and mark w i t h  ink which ie designed t o  stend high temperatures. In order 
t o  reducc ~ E S ,  the tismes a r e  dried a t  100 degrees Centigrade and the 
temperature i s  m l s e d  t o  ebout 200 degrees Ccntigrade f o r  the following 
day. 
temperature of 550 degrees f o r  24 hours, o r  u n t i l  the  residuc rm8in ing  
i s  nearly white aeh. After t he  ashing is completed, the matt l r la l  i P  
t ransfer red  t o  small m e t a l  dishes and spread evenly over thc BurfaCC of 
the dishes BO that  adequate self-absorption corrections may be =de.* The 
weight of esh i s  of course determined by weighing the d i s h  e w t y  and Ehen 
a f t e r  the ash hee been added. A t  the  s8mc time the e n i m l s  a r c  injected,  
an accurately meaeured port ion of thc radioactive mater ia l  administered 
t o  the r a t s  i s  placed i n  a volumetric f l a s k .  Any known portion of this 
would reprceent an a l iquo t  of thc dose. 
determined each time t i a s u x  a r c  assayed, thc counts being expresecd i n  
counts per  second o r  d iv is ions  per second, or  both. krcn i f  t he  t i s sues  
a r e  run over a long period of timc, m y  var ia t ions  of the s e n s i t i v i t y  of 
the  measuring instrument or  changcs i n  geometry due t o  the replacement of 
e Geiger tube w i l l  be canccllcd out if the a l iquo t  of the dose i s  run a t  
the same time ns the t i s sues  a r e  run. Radioactive decay w i l l  a l s o  cancel 
i t s e l f  out since it w i l l  bc the some i n  the t i s sues  and the port ion of 
t h e  dose. It is necessary, of course, t o  dupl ics tc  the geometry exact ly  
when the samples a re  run and when the a l iquot  of t h e  dose i s  run. 
i n  done thsn,  and f o r  example, say 1/100 of the Oosc hes been found t o  be 
30 counts per  second after the bckground i s  su%tracted frsm the doterm- 
i n s t i o n .  it follows then t h a t  the dose given the animal a t  t h i s  time and 
a t  this g c o E t r y  would 'Ire 3OOO counts per  second. 
of the rot contained 100 counts per second a f t e r  self-absorption correc- 
t i ons ,  it csn be sem t h s t  the rrct ivi ty  i n  the l i v e r  or  other organs c8n 
be expressed In the total number of dose given, which i n  this case would 
be 3.33$. 
a l l -  of  the mmplee EO ashed, including the carcass and excreta,  and 
determine the qusn t i t a t ive  accuracy of the exverimmt. 

DlEeeCt out heer t ,  lunge, 

The t i s sues  ere then placed i n  an e l e c t r i c  muffle and ashod a t  a 

The ac tua l  dose given cBn be 

If t h i o  

If the whole l i v e r  

It i s  poesible then t o  combine the a c t i v i t i e e  detcrmL qned on 

* When the amount of ash is.smsll, a drop of water w i l l  spread the ash  
out evenly on the dish.  
p l a t e  e t  less than looo C .  

The water  can be removed by drying on the hot  
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2. Determinc activ3.ty of dose. AsFay t i s sues .  

3.  Prepare s c l f  absorption curve so t h a t  adequate moss 8bSWptiOn 
cmrec t ions  can be made. 

4. Compile data on table s imi la r  t o  t h a t  bclow. 

46 of Dose De t e  Background c/s 

Lungs 
Spleen 
Blood 
Liver  
Kidney 

Thyroid 
Lymph gland 
?en c r$a 6 
Bra i n  
Fa t 
- Teeth 
Ftomach 

- 

ma11 i n t e s t i n e  
Large i n t e s t i n e  
Bone - 
Muscle 
Skel e ton 
Ba lence 
Lef t  leg 
Skin 

Ur ine  
~ o t e l  $ i n  h i m e l  
---I_- 

Feces 

Aliquot of dose 
T g t a l  $ Recovered 

The following experjment he6 been des iGed  t o  deomonstrste the  use 
of radioact ive materiale i n  onc of the organ syetems of the  body involved 
i n  the physiological proceeees of accret ion.  

Obtain a fcma1e mouse which has recent ly  had a l i t t e r  and which was 
given radio-phoephorus (P3?) one day o f t e r  the l i t t e r  wae born. 
addi t ion  t o  t h i s ,  obtain an o l iquot  of the dops given. 
t i o n  curve prepared i n  the previoue exercise  can be used f o r  s e l f  obsorp- 
t i o n  correct ion.  

In 
The self  atrsorp- 

1. Each day after the start of the experiment, the  young mice a r e  
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weighed. 
. t h e  measuring i n s t r m c n t ,  i s  estimated and the  appropriate mass absorp- 
t i o n  correct ion apul ied.  Several of  the mice a r e  placed i n  su i t ab le  
dishee and the a c t i v i t y  determined in  te.nns o f  t h e  percent of the dose 
given the mother. Thio is done dally. 

The area  i n  square centimeters, which would bc projected t o  

3. I n  addi t ion t o  P a r t  1, a t  the end of the f i rs t ,  t h i rd ,  and 
f if th days of the  experiment, thc  amount of a c t i v i t y  i s  determined i n  
one mouee i n  the l i t t e r ,  t he  mouse subsequently being sacr i f iced  and 
sshed end the  a c t i v i t y  i s  measured so  thRt a su i tab le  check may bc 
made on the  self absorption correction which is  made on the l i v e  
animals. I n  odd'ltion t o  the  above, each day an attempt should be made 
t o  obtain 1/10 of a cc  of mouse milk using the  technique which w i l l  be 
demonstrated. 
ls ted from the r e s u l t s  obtained from th io  sample. It i s  possible  then 
t o  p l o t  the data a8 fOllOW8: 

The a c t i v i t y  of uhosphorua per  cc of milk being CelCU- 

8 .  Accumulation of radio-phosphorua pe r  mouse end per  liter 
during t h e  course of the experiment a s  pcrccnt of the t o t a l  dom given 
the  mother. 

b Retention of P3' per  gram of boby mouse p lo t ted  agoinst  
the  time during which the experiment was continued. 

c .  
mouse a s  indicated by the phosphomfi rc tnct ion of the l i t t e r .  

Colculste the t o t a l  number of c c ' 8  of mi& porduced by the  

EXFFCISE v 
Tracer Studies  Involving Iodine 

1. Obtain a r a t  which has been InJcctcd with radio-iodtnc and 
an  o l iquo t  of the dose S i c r i f i c e  the animal and obtain the w c t  weight 
o r  a sample of the  follawjng organs: l i v e r ,  10 gmms of muscle, femurs 
ffom both hind legs, kidncye, epleen and thyroid.  After I t  l e  b e l i e e d  
t h a t  the thyroid is complctely removed, it is  wise t o  check the larynx 
of the r a t  on the Geiger Muller counter i n  ordnr t o  meke ce r t a in  t h e t  a 
port ion of the thyroid t isnue i s  not  r cmin ing  there  Using an appropri- 
a t e  f i l t e r ,  count the gmnm f rac t ion  of the redlo-iodine of thaee samples 
only, the  ac tua l  f i l t e r  techniques hevlng bccn determined by the  mss 
absorption curve which we8 done on iodin? esrlier i n  the course, the 
aim being t o  obsorh a l l  bets rediet ion.  Becauee of the a c t i v i t y  
involved, it i s  necassary t o  do t h i s  on the Geiger M~llcr counter. 
Calculnte the r e su l t6  a s  a percent of doee in the organs mentioned above, 
per  orgen and per  gram. 

2.  I n  order t o  separate the thyroxin, diiodo tyrosine,  and iodide 
f r ac t ion@ of the thyroid,  the following procedure is t o  be employed. 
Diseolvs the  e n t i r e  thyroid i n  30 cc ' s  of two nom.1 sodium hydroxide. 
Add epproximstely 10 m:lligrsms of thyro id  c a r r l e r  8 8  dessicated thyroid 
substsnce.  ThiE .lo then plRccd on the  steem bath f o r  24 houre. 
volume of sodium hydroxide t o  20 cc of ter  steam bath treatment. 
thyroid so lu t ion  In to  4 and 3 cc portions (one f o r  eech laboratory group 
member.) O f  each 5 cc port ion,  take .5 c c ' s  and place i n  a metel d i sh .  
Thia is  e v ~ p o r a t e d  on a hot  plate a t  low and represents each group 
member's a l iquo t  of the  t o t a l  thyroid sample. 

Make 
SepBrate 

3 .  Thyroxin f r ac t ion  seperat ion,  
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Extrac t  4.3 cc f rac t ion  of P a r t  ? w i t h  two ecpamte 10 cc port ions 
of  Butyl alcohol.  
d i sh ,  t h i s  representing 1/10 of the  thyroxin present  i n  t o t a l  bu ty l  
alcohol f rac t ion .  
s tudent  may have some idee of the eff ic iency of the  eeperatlon. 
e f f ic iency  of extreet ion.  

Fvoporate 1 cc of Butyl alcohol f rac t ion  on a metal 

Two ex tmc t ions  a re  necemarg i n  order t h o t  the 
Report 

4. Iodide f r sc t ion . :  

Oxidize ioeide ion t o  iodine by adding t o  a water phaae r e m i n -  
ing from the previous extract ion,  t he  following metsricls: 

5 cc '6  of three normal hydrochloric acid.  
1 cc and 30 milligrnms of sodium iodide so lu t ion .  
1 cc an13 10 milligrams of sodium iode te  solut ion.  

Remove the oxidized ion. (I?) by ex t r ac t ing  twice with 10 C C ' B  
o f  carbon te t rachlor ide .  After the cerbon te t rachlor ide  hoe been 
sepamted from the aqueous pbase, the carbon te t rechlor idc  is shaken up 
with 10 c c ' s  of 1/10 mole sodium thiosulphute containing .1 M NaOH. 
This reduces the iodine t o  the iodide state. Emporete one .cc of t h i s  
solut ion upon a metal dish  and deknnine the  iodide f r ac t ion  of the  
thyroid.  
r e su l t i ng  from t h e  carbon te t rachlor ide  ex t rac t ion .  
conteina the diiodo tyrosine.  

Determine the a c t i v i t y  remaining i n  1 cc o f  the water phase 
This so lu t ion  

With the  d a t a  i n  hmd, c a l c u l a b  the 
following: 

e .  Recovery of the t o t a l  amount of iod!.ne present  i n  €he 
thyroid i n  the three  f rac t ions  diocuesed above. 
t h i s  should be bet ter  then 99%. 

With good technique, 

b.  I n  addition, c s l cu l s t e  the percent of iodine i n  the throe 
f m c t i o n s  discusccd cbove. 

MEF,CISE VI 
Radi oeutogra phs 

Although normally mdioautogrenhe would be i n i t i a t e d  by 8CtUBlly 
sect ioning the t i s sues  involved, thc lack of  f a c i l i t i e s  makes it 
necessary t o  u ~ e  r a the r  crude methods i n  preparation of the  samples 
which 8re t o  be autographed. 

1. Obtain e r a t  which has been given 1/4 mill-icurie of radio- 
phosphorus. 
two sect ions so  t h a t  an inc i so r  i s  i n  e i t h e r  h o l f .  Both the  femur end 
the  tooth prepArstion i o  t o  be prepared by sanding both s ides  down t o  
8 f l a t  even plane by use of the  emery peper which i s  supplied. 
should be done on p m s r  s o  t h a t  the r a the r  radioact ive d u s t  r e su l t i ng  
from the  Banding cen be disposed of without contamineting the laborgtory.  
The bone should be ground so t h o t  the  brebecular bone and the a re8  
around the epiphyseal c8n be c l ea r ly  men.  
pmparet ion,  t hey  ehould be sanded down u n t i l  the  pulp cavi ty  of t h e  
toqth 18 v i s ib l e .  It i s  worthwhile t o  leave the tooth i n  the surrounding 
bone s o  t h a t  a p i c tu re  of the compemtive deposit ion of radio-phosphorue 
can be seen between t h e  bone and tooth s t ruc tu re .  A f t e r  the materiel6 

Dissect  out both femurs and remow mndib le  and s p l i t  i n t o  

This 

With respact  t c  the  tooth 
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82% su f f i c i en t ly  oandod and f l a t ,  the wnter i s  remved from the secti.on6 
by emersing i n  alcohol e ther  mixture for 13 hours and sllowbg it to 
dry s t  room temperature f o r  4 t o  5 h m r s .  
over 8n electroecope and t h e i r  a c t i v i t y  meesure, this being converted 
t o  total number of d i s in tegra t ions  per  second per  oquarc cantimeter 
Erieing from one plane of the sect ion.  Exposure time f o r  the radio- 
autograph can be r l c u l e t e d  by determining the ti= neceseary t o  
accumulate 5 x 10 d i s ln t egmt ions  on the f i l m  per  square centimeter. 
This can be calculated no followB: 

The sections are  then placed 

3 .  Radioautogmphs with plont  moterial. 

A p lan t  w i l l  be furnished which hae been grown i n  s o i l  with a l o w  
A known amount of radio-phosphorus i s  given t o  the phosphorus content. 

p l a n t  along with 50 cc of water,  Samples should be token from the  p l e n t  
a t  about 14, 24, 48 and 72 hour6 a f t e r  D32 odministmtion t o  the ~011. 
Pamplee should consiet  of new growth, old growth, s t e m ,  as W e l l  a6 ssede 
end flowers, if any. 

The above mater ia ls  a r e  prepared f o r  radio-eutogrophs by placing 
e f l a t  loyer  of ecotch tape on both s ides  of the object6 se lec ted .  
resulting prepamtion should be f l a t .  
per second. a r i s i n g  from the sect ions per square centimeter of ere8 i n  
order  t o  ca lcu la te  t h c  expoeure time. 
s t ronges t  s m p l c  which has an e 
the exposure time so t h a t  1 x 10 
film, 8 s  w e l l  pls 5 x 106 and 1 x 107, i n  order t o  detarmfne the e f f e c t  
of verying exposure time upon the clearnese and qua l i ty  of the radio-  
autograph. 

The 
Determine the d ie in tegre t ione  

In  addi t ion t o  Por t  1, tcke t he  
ofiure t i m e  of hours o r  minutes an8 vary xg Oisintegmtions per  second h i t  the 

3.  Aossy z: e imi le r  port ion of the t o m t o  p lan t  which W O R  txken 
i n  P a r t 1  end express the renul t s  a6 a relotivc. deposition in: 

8 .  Growing t isoues.  

b. Conducting t i s sues  such eo the stcm. 

c. Old t i s sue  such ae the- older leavss e t  t-he base of the p l an t .  

d .  A sample o f  the roote of the plont  which heve been 
w e l l  roshed . 

m c m  VII 
Select ive Accumulation i f  1~31 

i n  the Thyroid 
I n  Viv:, Experiment 

1. Obtain PG microcuries o f  1131 end dr ink.  

3 .  Iunnedistely e f t e r  administration of iodine, s e e t  subjec t  on a 
s t o o l  eo t h a t  Geiger Muller counter meosurements cen be mqde In 8 

c3mfart?ble manner 3n both the region Around the l a rynx  a t  t he  f r o n t  of 
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neck, and 8 s lmi la r  region a t  back of neck a t  the  same level .  
window of the counter should be pleced about 1 cm eway *om the subject .  

The 

3 .  Count f r o n t  end bock of neck a t  f ive  minute in t e rva l s  ( s ee  note). 

4. Obtein on a l iquo t  of the doee i n  o b o t t l e  which reproduces 

Calculate doee i n  counts per second in t h i s  manner. 
geometry of iodine depooition I n  the  thyroid w i t h  respect  t o  mae 
8bsOrptIOn. 

5 .  Col lec t  24 hour ur ine  and assay gnmma a c t i v i t y  t o  determine 
percent  o f  doet  excreted. Repeet f o r  3 days. 

6. P l o t  half t i m e  of I in body no t  absorbe& by thy'roid. 

7 .  Report percent of I uptake by thyroid.  
e 

Note: 

the  a c t i v i t y  emanating from the  region of the thyroid can concis t  of 
( a )  P.ct ivi ty  i n  the c i rcu lo t ing  blood of the body, umbsorbcd 1131 i n  
the  s tomch,  l i v e r ,  muscle, e t c . ,  ond (b) a c t i v i t y  deposited In the  
thyroid.  
neck and comparing it t o  t h a t  e t  the bcck of the neck would introduce 
a var ieble  i n  geometry of  the o c t i v i t y  coming from the thyroid. This 
would no t  be true 8 8  f o r  ae P e r t  (8) is concerned, however, s ince the 
d is tance  of most of the body from the counter i E :  aDDroximtely thc wme 
c t  the  f ron  and back, hence the  geometry i s  the  same. Iodine r q i d l y  
leaves the body nnd it  con be seen then t h c t  e f t e r  24 hours, the 
a c t i v i t y  emenating from the f r o n t  o r  the back o f  the neck i s  due 
p r i w r i l y  t o  the locet ion of iodjne i n  the thyroid.  

During ea r ly  mepsurements r i g h t  a f t e r  the administration of  iodine,  

It can be seen t h a t  measuring the a c t i v i t y  a t  the f r o n t  of t h e  

Thie l e t t e r  meosurement m y  be mde And, fo r  exomplc, i t  is found 
t h a t  15% of the o c t i v l t y  observed i n  the f r o n t i s  measured from thtl beck 
of the  neck. During the e e r l y  meosurement then, m y  d i s s i m i l a r i t y  
between the frord;snd back measurements w i l l  be contributed by the 
thyroid. 
back 50 c/e, the difference o f  50 counts per eecond i s  equal t o  15% 
of  the a c t i v i t y  of the  thyroid plus the bcckground from the reot  of the  
body. (See J G Hemilton and M a p H .  Soleg s tudies  on fodine metabolism 
of the thyroid gland i n  s i t u  by the  uoe of rsdio-iodine i n  n o m 1  
subdect and i n  pa t ien ts  with verious typco of g o i t e r .  
o f  Physiology, Vol. 131, Bo. 1, Mov. 1940.) 

For example, if the f ron t  of t h e  neck give 100 c/e and the 
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