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T H E  D I S T R I B U T I O N  AND F U N C T I O N  OF ZINC IN N O RMA L AND 

M A L I G N A N T  T I S S U E S  

PART I. 

UPTAKE AND DISTRIBUTION OF RADIOACTIVE ZINC, ~ZN 

by 

J .C .  H E A T H "  AND J. L I Q U I E R - M I L W A R D  

Cancer Research Laboratory, Medical School, and Department o/ Physics, 
The University, Birmingham ( E:~land) 

Observations by  one of us  (HEATH 1) have shown the extremely wide range of values 
which the natural zinc concentrations in human and other mammalian tissues may have. 
Occasionally in this work certain malignant tumours have been found to have much 
higher zinc contents than the tissues supporting them. This, coupled with the fact that  
the functions of zinc in cell metabolism are as yet only very slightly understood, made 
a study of the distribution and function of this element very desirable. Further obser- 
vations by the same worker (HEATH e) had also shown that  nuclear nucleoprotein 
(desoxyribose type) obtained from calf thymus and mouse tumour cells by MIRSKY'S 
method (MIRSI~Y AND POLLISTER 2) usually contained some natural zinc, whereas un- 
fragmented nuclei obtained from the same tissues by DOUNCE'S method 3 did not contain 
a detectable amount of this element. These observations on the naturally occurring 
concentrations of zinc, which for the most part  have been made polarographically, will 
be published in detail later, together with the analytical methods. The present paper 
shows the results obtained in some studies of the distribution of radioactive zinc 65 in 
the tissues of tumour-bearing mice following its subcutaneous injection as zinc chloride. 
Further studies on the metabolism of zinc in normal and malignant tissues suggested 
by these results are now in progress. 

The distribution of ~Zn has been followed by a GEIGER-MOLLER counting method 
after injection into mice carrying either a transplanted mammary carcinoma or a trans- 
planted spindle-cell sarcoma of the leg. In the first place the distribution of the injected 
~Zn among the various body tissues has been assessed, and secondly an at tempt has 
been made to follow the distribution of the ~Zn in different fractions of the same tissue, 
namely, isolated nuclei, nuclear desoxyribose nucleo-protein and cytoplasmic residues. 

EXPERIMENTAL METHODS 

Production o/ Turnouts 

The two types of tumour  used were: 
i. A t ransplanted C3H mammary  adeno-careinoma originally spontaneous in pure line C3H 

* Now at  the Strangeways Research I.aboratory, Cambridge. 
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mice and during these experiments  in its 33rd-5 i s t  t ransp lan t  in C3H hybrids (C3 H crossed once 
with laboratory strain). 

2. A t ransplanted spindle-cell sarcoma, originally induced by dibenzanthracene and during 
these experiments  in its 265th-273rd t ransplant  in the rear-leg of white mice (Clarke No. o.x strain). 

Transplanta t ions  were always done by iniecting a mince of freshly dissected tumour  in physi-  
ological saline, subcutaneously below the ventral  surface of the right flank for the m a m m a r y  carci- 
noma, and in t ramuscular ly  into the  r ight  rear leg for the sarcoma. Each tumour  was t ransplanted 
into a batch of mice of approximately  uniform age and weight. The subsequent  zinc uptake experi- 
ment  was then done on a given number  of mice from such a batch all bearing a t umour  of identical 
age and origin. In general the sarcomas took i4-28 days  to reach op t imum size and the carcinomas 
xo-I 4 days. 

Preparation and in#orion o/Zinc  Solution 

The enZn was supplied in solution as chloride with an excess of hydrochloric acid. In the first 
experiments  noted in Tables I and II the 66Zn was carrier-free. In later experiments  the ~Zn  had 
a carrier of na tura l  zinc. The presence of this  carrier coupled with the  relatively low specific act ivi ty 
(i.e., act iv i ty /uni t  mass  of natural  zinc) mean t  tha t  the toxic limit was nearly reached in a t t empt ing  
to give all t issues a radioactive content  great  enough for accurate assay. Toxicity tests  with ordinary 
zinc as chloride showed tha t  a 20 g mouse could usually jus t  tolerate 1.2 mg zinc as chloride. Wi th  
e6Zn of specific act ivi ty x6 pc /mg Zn (the highest  available) this  allowed a m a x i m u m  dose of about  
20 pc/20 g mouse. Higher zinc doses were likely to cause convulsions, tremors,  and death, and where 
this  did not  ensue severe t issue necrosis occurred a t  the  injection site after about  3-4 days. The 
solution of SSZn as chloride was always neutralized with sodium hydroxide and then back t i t rated 
with the min imum quan t i ty  of hydrochloric acid to take up any  precipitate of zinc hydroxide or 
oxychloride. The neutralized solution was made up to a known volume with double distilled water 
(from pyrex still) to form the stock solution. 

For each experiment  a portion of this  stock solution was taken, diluted to give 2o pc in each 
0.4 ml aliquot injected, and rendered isotonic by addition of sodium chloride. A radioactivity s tandard 
was prepared from each injection solution by taking x ml after a fur ther  known dilution. The mice 
were usually injected with 0. 4 ml of the isotonic UZn solution subcutaneously in the  nape of the neck 
a t  3.o p.m. and killed by cervical dislocation or chloroform at  9 or xo a.m. the following morning, 
approximately  I8-19 hours afterwards. 

Preparation o/animal tissue 

The gross weight of the  freshly killed animals  was quickly determined and the tumours  and other 
required tissues removed. The t issues taken were control normal m a m m a r y  gland from unaffected 
breast  in the carcinoma cases, control leg muscle from opposite unaffected leg in sarcoma cases, liver, 
kidneys, spleen, pancreas, s tomach and intestines. At all s tages the t issue tempera ture  was kept  as 
near o ° C as possible. Like t issues or organs from all animals  in a batch were combined, minced and 
weighed, and weighed samples put  to dry to cons tant  weight in ioo ml conical Pyrex flasks at  
95- ioo  ° C in an  electric oven. Where the combined t issues or organs of a given sort  weighed less 
than  a few grams they were weighed and  dried in their  ent i re ty  in a similar flask. Tissues usually 
dried to constant  weight in 4-6 days  and were then wet-ashed by a modification of BURLL'8 method I. 
r 5 ml double distilled water and x 5 ml conc. redistilled nitric acid (pyrex still, metal  free) were added 
to x g dry tissue in each conical pyrex flask and the digestion allowed to proceed a t  9 °0 C (thermostat)  
for 3-4 hours. 2 ml of 72% perchloric acid (redistilled, metal  free) was added and digestion continued 
a t  9o°C until  the residues were jus t  dry. Very rarely a little extra  nitric and  perchloric acid was 
required to complete digestion. Provided care was taken not  to overdry the  digestion residues these 
were usually quite water soluble when slightly warmed. Occasionally hydrochloric acid (redistilled 
in pyrex still, metal free) a t  a concentrat ion of 20% or less was required to effect solution. I t  mus t  
be pointed out  here tha t  the white crystalline digestion residues obtained in this  way are not devoid 
of organic compounds  contrary to BUELL'S belief. Residual organic compounds  a t  first seriously 
interfered with the above mentioned polarographic analyses and  methods  devised to overcome this 
difficulty will be described when the polarographic work is published. BUELL defatted her specimen 
tissues before ashing and this  m a y  account  tor her being able to claim completely inorganic residues 
by this  ashing method.  For the present  work, provided the  digestion residue could be completely 
dissoh,ed in a small volume of water, a slight soluble organic component  was of no consequence. The 
dry residues were then dissolved in the min imum measured volume of double distilled water and 
x ml of this  solution was taken for measurement  of radioactivity. 

The bulk of the  turnout  tissue was treated immediately after mincin~ by the method developed 
by MXRSKY s in which o.I 4 M and I M sodium chloride solutions are used to extract  nuclear desoxy- 
ribose nucleoprotein. The combined o. 14 M sodium chloride washings from this  extraction containing 
the bulk of the  cytoplasmic material  were further  divided into two fractions by heating nearly to 
the boiling point. At this tempera ture  a large proportion of the suspended and dissolved solids was 
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coagu la t ed  a n d  af te r  be ing  cooled was cen t r i fuged  off. T h i s  por t ion  is t he  " c y t o p l a s m  hea t  coagu l a t ed"  
e n t r y  of Table  IV. The  s u p e r n a t a n t  f rom th i s  cent r i fuging ,  e v a p o r a t e d  to dryness ,  is t he  " c y t o p l a s m -  
s u p e r n a t a n t "  e n t r y  of Tab le  IV. I n  all of the  above  fract ions,  i.e., nuc lear  nucleoprote in ,  and  t he  
two cy top l a smic  port ions,  due  a l lowance  was m a d e  in dr ied solid res idues  for a n y  sod ium chloride 
i n t roduced  in t he  e x t r a c t i o n  process  where  th i s  had  not  been r emoved  by  washin_-. W h e n  t u m o u r  
cell nuclei  were requ i red  t h e  citr ic acid m e t h o d  of DOUNCE 3 was used.  

C o m p a r a t i v e  t e s t s  were c o n d u c t e d  wi th  l iver t i ssue  to see how far t he  repor t  of SAHYUN AND 
F~:LDKAM# t h a t  t r ichloracet ic  acid in a q u e o u s  solut ion would ex t r ac t  all of t he  zinc con ta ined  in 
an  a n i m a l  t i s sue  was  correct .  Such a me t hod ,  if g iv ing  comple te  ex t rac t ion ,  would have  considerable  
a d v a n t a g e s  over  the  a sh ing  me t hod .  T he  minced  liver t i s sue  was b lended a t  h igh  speed in t he  W a r i n g  
b lendor  wi th  4 o  a q u e o u s  t r ichloracet ic  acid so lu t ion  in the  p ropor t ion  of 3 ml of solut ion to x g of 
f resh wet  l iver a n d  t he  suspens ion  left  for 2 4 hours .  Af ter  the  suspens ion  had  been cen t r i fuged  the  
res idue  was  aga in  ex t r ac t ed  wi th  the  s ame  vo l ume  of t r ichloracet ic  acid so lu t ion  as before. The  
r ad ioac t iv i t y  of the  t r ichloracet ic  acid ex t r ac t s  was e s t i m a t e d  di rect ly  w i t h o u t  ashing,  by  m e a s u r i n g  

ml in to  a s t a n d a r d  t u b e  and  c o u n t i n g  as  for t he  ashed  t i s sue  samples .  
I n  add i t i on  to s epa ra t i ng  nuclei  f rom t u m o u r  cells one sample  of l iver was  r epea ted ly  washed  

wi th  o. 14 M NaC1 in order  to r emove  as  m u c h  c y t o p l a s m  as possible  a n d  t h u s  leave a res idue  c o n  
s iderab ly  enr iched  in nuc lear  mater ia l .  A l t h o u g h  an  exac t  q u a n t i t a t i v e  m e a s u r e  of t he  a m o u n t  of 
c y t o p l a s m  t h u s  r e m o v e d  was  no t  a t t e m p t e d ,  a rough  e s t i m a t e  showed t h a t  s o m e t h i n g  g rea te r  t h a n  
5 o %  h a d  been  removed ,  and  s t a ined  s m e a r s  of t he  res idual  t i s sue  showed  masses  of nuclei  a n d  ve ry  
l i t t le cy top l a smic  mater ia l .  MIRSKY a ind ica tes  t h a t  a b o u t  6o-7o  % of m a m m a l i a n  l iver subs t ance ,  
m a i n l y  cy top l a sm,  can  be r emoved  by  repea ted  wash i ng  wi th  o.I 4 M NaCI a t  a p p r o x i m a t e l y  PH 7. 
T h e  nuc lea r -enr iched  ma te r i a l  was  a shed  in t he  usua l  way  and  i ts  ac t iv i ty  de te rmined .  

One  sample  of l iver a n d  one sample  of t u m o u r  (sarcoma} were sub jec ted  to an  ex t r ac t i on  process  
in which  dist i l led water ,  acetone,  ace tone-e ther ,  a n d  glycerol  were used  success ive ly  in t h a t  order .  
The  q u a n t i t y  of  each  so lven t  used  was  a b o u t  3 × v o l u m e  of t he  original  t i ~ u e .  T h e  va r ious  ex t r ac t i on  
l iquors  were kep t  a f te r  being cleared by  cen t r i fuga t ion  and  t ml  of cach f rac t ion  was  m e a s u r e d  in to  
a s t a n d a r d  t u b e  for rad ioac t ive  assay .  I n  addi t ion ,  t he  final t i ssue  residues,  a f te r  all of the  ex t rac t ions ,  
were a shed  a n d  the i r  specific ac t iv i t i es  de t e rmined .  

F ina l ly  two ba t ches  of s a r c o m a . b e a r i n g  mice,  wh ich  h a d  had  no t r e a t m e n t  o the r  t h a n  t u m o u r  
inocula t ion ,  were killed and  the i r  t i s sues  ana lysed  for na t u r a l l y  occur r ing  zinc by  the  above  m e n t i o n e d  
po la rograph ic  me thods .  T he  n a t u r a l  zinc c o n t e n t  of these  t i s sues  g iven  in Tab le  VI I  is a p p e n d e d  
as  a base  line. 

Measurement o/ Radioactit,ity 

~ Z n  e m i t s  b o t h  pos i t rons  and  F- rays  a n d  ha s  a half-life of 250 days .  For  conven ience  and  to 
e l imina te  se l f -absorp t ion  effects t he  F- ray  emiss ion  was  used  for t he  a s s a y  of t he  rad ioac t iv i ty .  

Rad ioac t iv i t i e s  were d e t e r m i n e d  wi th  a Gm6ER-Mt~LLER coun t e r  t ube  (G.E.C. t ype  G.M, 2) 
followed by  a pre-ampl i f ie r  pu l s e - shape r  a n d  scaler  (scale of  4) m a d e  by  one of us  (J. L . -M.) .  T h e  
G.M. 2 t u b e  had  a copper  c a t hode  wall o.75 m m  th ick  a n d  a 20 rag/era  t copper  end  window 2. 4 c m  
d i a m e t e r  a n d  was  su i t ab le  for F- ray  coun t ing .  Mos t  of t he  m e a s u r e m e n t s  wi th  t he  above  coun te r  
were dup l i ca t ed  wi th  a CXNTEL F- ray  c o u n t e r  (Type  G.M. 4) a n d  paral lel  resu l t s  ob ta ined .  

x ml  of t h e  t i s sue  d iges t  so lu t ion  was  m e a s u r e d  careful ly,  w i t h o u t  sp lashing ,  in to  t he  b o t t o m  of 
one of a series of  s imi la r  g lass  tubes .  These  t u b e s  were selected f rom a large ba t ch  so t h a t  x ml occupied  
a d e p t h  n o t  less t h a n  x.3 c m  a n d  n o t  g rea te r  t h a n  x.6 cm.  Th i s  to lerance  h a d  been  prev ious ly  shown  
to  be accep tab le  by  e x p e r i m e n t a l  de t e rmi na t i ons .  I mi  of t he  solut ion of ~ Z n  p repa red  by  a k n o w n  
d i lu t ion  of t he  isotonic  so lu t ion  as  in jec ted  was  m e a s u r e d  in to  a s imi la r  t ube  and  used  as  a s t a n d a r d .  
be ing  m e a s u r e d  for r ad ioac t iv i t y  a long  wi th  t he  r e l evan t  b a t c h  of t i s sue  d iges t  solut ions .  U n d e r  these  
cond i t i ons  t he  w a t e r  a n d  t h e  glass  wall  of  t he  spec imen  t ube  were sufficient  prac t ica l ly  to e l imina te  
t h e  ~-rays ,  l eav ing  t he  ) , - rays as  t h e  r ad i a t i on  to be measu red .  

A u r a n i u m  oxide  s t a n d a r d  (provided by  t h e  R a d i o t h e r a p e u t i c  Resea rch  Uni t ,  H a m m e r s m i t h  
Hospi ta l ,  London)  was  used  a t  t he  beg inn ing  of each  se t  of e x p e r i m e n t s  to check  t he  efficiency of 
t he  c o u n t i n g  tube.  

The  to t a l  n u m b e r  of c o u n t s  col lected for each  spec imen  was  a t  leas t  8oo, b u t  more  of ten  t ooo, 
the  s t a t i s t i ca l  accu racy  ach ieved  be ing  t h e n  ca lcu la ted  to be  of t he  order  of + 3 .2 -3 .5%.  All t h e  
c o u n t i n g  d a t a  ob ta ined  fo rmed  a ve ry  sa t i s f ac to ry  aggrega te  bo th  in re la t ion to t he  ana ly t i ca l  and  
vo lumet r i c  work connec t ed  wi th  t h e  biochemical  a spec t  of t he  research,  a n d  to the  ac tua l  c o u n t i n g  
resul ts .  For  ins tance ,  m e a s u r e m e n t s  on s t a n d a r d  s amp l e s  p repa red  s epa ra t e ly  a n d  on different  days  
f rom the  ini t ia l  so lu t ion  of S6Zn, agreed to 2 % or be t t e r  a f te r  t he  decay  had  been t aken  in to  account .  
The  c o m b i n e d  errors,  i nc lud ing  t h e  error  on t he  b a c k g r o u n d  ra te  are  g iven  for one of the  following 
tab les  (Table II).  
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EXPERIMENTAL RESULTS 

The results in Tables I and I I  were obtained in preliminary experiments undertaken 
to get an idea of the range of tissue specific activities likely to be encountered. The first 
66Zn samples obtained* and used for these experiments were carrier-free, so that  the 
values given are not strictly comparable with subsequent values. The individual mouse 
tissues tested as shown in Table I were used separately and not combined; average 
values are therefore not given and the table shows the sort of variation to be expected 
from one animal to another. This table also shows that  the m a m m a r y  tumours have 
taken up much more 65Zn/gram of wet tissue than the normal m a m m a r y  tissue during 
the x8 hours or so of the experimental period. In Table I I  the like mouse tissues were 
combined so that  the results are average ones; for simplicity in this preliminary survey 
the tissues were not dried to constant weight, so for this reason also tissue specific 
activities here may  not be compared directly with later ones. However, the dry weight 

T A B L E  I 
DISTRIBUTION OF eSZn IN INDIVIDUAL C3H HYBRID MICE WITH MAMMARY ADENOCARCINOMA. 

IS - I  9 HOURS AFTER S U B C U T A N E O U S  I N J E C T I O N  

Dose  36 .z /~C/mouse .  ~ Z n  as  ZnCI t carr ier-free.  Age  of t u m o u r  -x3 days .  

Mouse  

No. 

[can 

W e i g h t  
g 

26.2 

24.9 

22. 7 

24.8 

29.3 

I 

2 

3 

x3 

I4 

Organ  Specific Ac t iv i ty  
in c o u n t s / m i n u t e  'g ram wet  we igh t  

R i g h t  M a m m a r y  Lef t  M a m m a r y  Liver  K i d n e y s  
Gland  Gland  (both) 

x z 60 T u m o u r  

x455 T u m o u r  

I385 T u m o u r  

396 No T u m o u r  

346 No T u m o u r  

R i g h t  M a m m a r y  
G l and  

(Tumour )  

25.58 x333 

t a n d a r d  
dev ia t i on  z.428 i54 .z  

<>efficient 
of v a r i a t i o n  9.5 o x x.56 

t a n d a r d  
error  ot m e a n  :J: x.o9 q- 89.I  

4x8 No T u m o u r  

x77 No T u m o u r  

306 No T u m o u r  

511 No T u m o u r  

o No T u m o u r  

L e f t  & R i g h t  
M a m m a r y  

G l ands  
(No T u m o u r )  

365 ° 

419o 

3520 

323 o 

2770 

307.7 347z 

I72.9 

56.2 

:k 65.5 

524.6 

x5.x 

± z 3 5  

I95 o 

x8~5 

- -  no t  
t aken  

I575 

- -  no t  
t aken  

* T h e  a u t h o r s  a r e  ~Tateful to  Professor  A. WORMALL of St. B a r t h o l o m e w ' s  Hosp i t a l  Medical  
School  for t he se  i n i t i a l  supp l ies  of  carr ier-f ree  ~SZu. 
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- - w e t  weight ratios given later m a y  be used for an approximate  comparison if we bear 
in mind  tha t  the ~Zn in Table I I  was carrier-free, whereas the ~Zn in subsequent 
experiments had a considerable amount  of carrier. 

TABLE II 
AVERAGE D I S T R I B U T I O N  OF 6 $ Z n  IN A GROUP OF W H I T E  MICE (CLARKE O.I  STRAIN) WITH LEG SARCOMAS, 

18 - - I  9 HOURS AFTER SUBCUTANEOUS I N J E C T I O N .  AGE OF TUMOUR = I ~  DAYS. 

Dose 22.6 #(C/mouse. No. of mice in experiment ---- Io. Average weight of mouse ~--- 36.9 g. ~Zn as 
ZnCl t carrier.free. I ~C equivalent to 11o6 counts/mAn, on the given counting arrangement. 

Tissue 

Sarcoma (right leg) 

Leg muscle normal (left leg) 

Sarcoma Cytoplasm 

Sarcoma nuclear nucleoprotein 

Liver 

Kidney 

Spleen 

Pancreas 

Intestines & Stomach 

Carcase 

Standard A ~ Volumetrically 

Standard B f identical 

Standard C 

Weight of Tissue 
Sample (wet) 

grams 

2.483 

1.793 

[5 approx. 

I approx. 

Number of 
Counts/minute 

/sample 

Specific Activity 
of Tissue in 

counts/mAn/gram 
wet weight 

2.807 

1.584 

2.009 

1.85o 

2.870 

2.850 

7 6 4 + 3  I 

282 ± Io 

3450±84  

356 ± 4 2 

4580+63  

157o± 42 

2280+52 

3o4o~52  

316o:~42 

94 ° ± 42 

795 ± IO 

79o-[ - 15 

792+ IO 

307 

~57 

230 

356 

,63 ° 

99o 

I135 

I65O 

I IOO 

33 ° 

Tables I I I  and IV give a complete analysis of the results obtained in five separate 
experiments with batches of sarcoma-bearing mice and one experiment  with a batch  of 
carcinoma-bearing mice. These Tables show tha t  the specific activities of sarcoma tissue 
range from 1.79 × to 5.3 x the specific activities of the muscle tissue from the opposite 
unaffected leg. In  the carcinoma group the tumour  specific ac t iv i ty  is 3.6 x tha t  of the 
unaffected m a m m a r y  glands from the opposite flank of the mouse and 1.6 x tha t  of 
whole foetal tissue from one of the mice in the batch  which was pregnant.  Specific 
activities of liver tissues were always very  high and remarkably  constant ,  being usually 
between 5 × and zo × as high as the specific act ivi ty  of the tumour  tissue from the 
same ba tch  of animals. For  the carcinoma group the liver specific act ivi ty  is only 3.6 × 
tha t  of the tumour  tissue. 

Nuclear nucleoprotein (desoxyribose type) f rom tumour  tissue (Table IV), always 
showed a fairly high specific act ivi ty  of the order of one-third of tha t  of the turnout  
tissue itself, whereas the cytoplasmic material  (heat coagulated fraction) had practically 
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the same specific activity as the tumour itself. The remaining cytoplasmic fraction 
(supernatant left after heat-coagulation) had a specific activity less than that of the 
whole tumour tissue. I t  should be pointed out here that  the nucleoprotein extracted 
was a well-washed sample, whereas the cytoplasmic material contained all of the tissue 
fluids as well as the solid mat ter  from tumour tissue. Whether the nucleoprotein zinc 
is present in a combined form, or as a contaminant, or as a component of some closely 
associated enzyme system is now being investigated. 

Nuclei extracted from sarcoma tissue by ~he citric acid method of DOUNCE showed 
very little specific activity. The work of SAHYUN AND FELDKAMP on the trichloracetic 
acid extraction of zinc from tissues and the results obtained during the present experi- 
ments with this method of extraction and shown in Table VI, lead one to expect that 
probably citric acid will also extract zinc from tissues, and thus may easily remove 
a large proportion of any zinc contained in the nuclei. This is in spite of the clean 
integral appearance of the freed nuclei. Since mammalian tissue nuclei are not readily 
obtained without the use of some chemical agent it is difficult to ascertain how much 
zinc is contained in, or taken up by, the nuclei under given conditions. The problem 
was approached however in another fashion as indicated earlier, by removal of a large 
part  of the cytoplasm from some liver tissue by repeated washing with o.14 M NaCI. 
The nuclear-enriched residue thus produced gave a specific activity rather less than 
one-half of that  for the untreated liver tissue (see columns 3 and to  of Table IV). Since 
this residual tissue consisted very largely of nuclei with only a few shreds of cytoplasm 
and intercellular substance, it seems certain that  the nuclei do contain an appreciable 
quanti ty of zinc, although the present experiments do not give a quantitative answer. 

T A B L E  V I  

SAME GROUPS AS TABLES III, IV AND V 
EXTRACTION OF ~ksZn FROM FRESH WET LIVER TISSUE WITH AQUEOUS TRICHLORACETIC ACID SOLUTION 

I n  e a c h  e x t r a c t i o n  3 v o l u m e s  o f  4 %  a q u e o u s  t r i c h l o r a c e t i c  a c i d  s o l u t i o n  w e r e  u s e d  t o  i v o l u m e  o f  
t h e  f r e s h  w e t  t i s sue ,  t h e  m i x t u r e  b l e n d e d  in  t h e  W a r i n g  b l e n d o r  a n d  a l l o w e d  t o  s t a n d  fo r  2 4 h o u r s  
a t  4 ° C. 

Group 
No. 

3 ,4&5  

Activity in 
cotm~lmtnlgram 
of dry untreated 

tissue extracted at 
xst Extraction 

I9OO 

~86o 

N o  e x t r a c t i o n  
m a d e  

~89 o 

Activity in 
cotmts/min/gram 
oI dry tmtreated 

tissue extracted at 
2rid Extraction 

458 

372  

345 

Activity in 
counts/rain/Stare 

I of dry untreated 
tissue left in residual 

tissue after 
two extractions 

72 

69 

5 6  

Total activity in 
couats/m/a/sram 
of dry untreated 

tissue (sum of ~na, 
3rd & 4111 coInmrm) 

2 4 3 0  

2 3 o l  

2 2 9 I  

Specific Activity in 
countslminlgram 
of dry untreated 

tissue as determined 
by a_~hin~ 

2420 

2270 

2 1 8 0  

The remaining extraction method in which water, acetone, acetone-ether, ether and 
glycerol are used in that order showed that in the case of the turnout (sarcoma) approxi- 
mately 55% of the total tissue activity was removed in the aqueous portion of the 

Re/erences p. 4r5. 
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extraction, a further 41% approximately in the glycerol extract, and the residual tissue 
after the whole sequence of extractions had a specific activity about 60% of that the 
unextracted tissue. For the liver tissue, approximately 82% of the total activity was 
removed in the aqueous extract and a further 16 % approximately in the glycerol extract, 
the residual tissue after the whole sequence of extractions in this case having a specific 
activity of about 50% of that of the unextracted tissue. By contrast, the fat solvents, 
acetone and ether, extracted activities too small to be measured. In each case there was 
very little bulk of tissue left after this series of extractions so that although the specific 
activity of the residue was higher than might have been expected, yet the fraction of 
the total tissue activity remaining was very small. 

CONCLUSIONS 

I. Tumour tissue of either of the types used takes up considerably more injected 
~Zn]unit weight of tissue in the experimental period of 18 hours than do the control 
tissues. 

2. In the sarcoma series an inspection of Table III  suggests that the age of tumour 
may influence the uptake of ~Zn]unit weight of tumour tissue. 

3. Nuclear desoxyribose nucleoproteins from both types of tumour contain appre- 
ciable quantities of zinc. 

4. Unfragmented microscopically intact nuclei obtained by the citric acid method 
contain very little zinc and the evidence points to this having been leached out by the 
acid. It is quite possible that nuclear enzyme systems depending on trace metals may 
be upset accordingly by the citric acid method. 

5. One extraction of minced fresh tissue with 3 volumes of 4% aqueous trichlor- 
acetic acid will only extract 80% of the contained zinc. A second similar extraction will 
bring the total extracted up to 97 %. 

6. Table V shows that only a relatively small amount of the total injected ~Zn is 
to be found in the tissues other than at the site of injection. It is concluded that most 
of the esZn remains locked up at the injection site possibly as precipitated carbonate or 
phosphate, since a complete balance sheet of eSZn content of all organs and residual 
carcases in one experiment revealed a loss during the 18 hours of only 2o% of the ~Zn 
injected. 

7. It  may be stated in passing that it is unlikely that ~Zn could be used in this 
fashion for tumour therapy by irradiation from the absorbed isotope. The liver, pancreas, 
spleen, intestine and kidney would all receive much higher radiation doses than the 
tumour for a given amount of ~Zn, unless these organs excrete their stocks of ~Zn much 
more rapidly than does the tumour. 
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SUMMARY 

T h e  u p t a k e  a n d  d i s t r ibu t ion  of ~ Z n  in n o r m a l  and  m a l i g n a n t  m o u s e  t i s sues  a n d  cer ta in  f rac t ions  
der ived  f rom the re  h a v e  been  s t ud i ed  following t h e  in jec t ion  of th i s  e l emen t  as  chlor ide in to  t u m o u r  
bea r ing  mice.  I n  b o t h  t he  s a r c o m a  a n d  ca r c i noma  s tud ied  t he  m a l i g n a n t  t i s sue  took  u p  more  of 
t h e  u Z n / u n i t  we igh t  of  t i s sue  in t h e  g iven  t i me  of x8 h o u r s  t h a n  t he  n o r m a l  t i s sue  s u p p o r t i n g  t u m o u r  
~rowth.  Nuc lear  desoxyr ibose  nuc leopro te in  f rom t he  t u r n o u t  cells showed  a n  apprec iab le  c o n t e n t  
of  ~ Z n  and  p rov ided  a su i t ab le  m e t h o d  of prel~arat ion was used  so also did  l iver cell nuclei .  

R ~ S U M ~  

Nous avons dtudid l'absorption et la distribution du ~Zn dans des tissus normaux et malins 
et dans certaines fractions obtenues A partir de ces tissus, apr~s injection de cet dldment sous forme 
de chlorure dans des souris affectdes de tumeurs. Aussi bien dans le cas du sarc6me que du carcin6me 
dtudids le tissu malin absorbait davantago de ~Zn par unitd de poids de tissu dans le temps donn6 
de x8 heures que le tissu normal soutenant la croissance de la tumeur. La ddsoxyribose-nucldoprotdine 
prdparde A partir de noyaux de cellules de tumeurs montralent une teneur apprdciable en ~Zn, et 
il en dtait de m~me des noyaux de cellules de role, pourvu qu'une mdthode convenable de prdparation 
tilt appliqude. 

Z U S A M M E N F A S S U N G  

Die A u f n a h m e  u n d  Ver t e i lung  von  ~ Z n  in n o r m a l e n  und  bOsart igen Geweben  u n d  in  d a r a u s  
herges te l l t en  F r a k t i o n e n  wurde  nach  In j ek t i on  dieses E l e m e n t e s  in F o r m  yon  Chlorid in M~iuse, 
welche e inen  T u m o r  ba t t en ,  u n t e r s u c h t .  Sowohl  in  d e m  u n t e r s u c h t e n  Fai l  y o n  Sarkom,  wie yon  
Carc inom,  n a h m  das  bbsa r t ige  Gewebe m e h r  ~ Z n  pro Gewich t se inhe i t  in der  gegebenen  Zei t  yon  
x8 S t u n d e n  auf ,  als  das  normale ,  das  W a c h s t u m  des  T u m o r s  un t e r s t i i t z ende  Gewebe.  I )esoxyr ibose-  
nuk leopro te in  aus  T u m o r z e l l k e r n e n  wies e inen  b e d e u t e n d e n  Geha l t  an  u Z n  auf .  Dasse lbe  wurde  bei 
Leberze l lke rnen  beobach te t ,  w e n n  eine gee ignete  Methode  zu ihrer  Her s t e l lung  gew~hl t  wurde .  
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