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INFLUENCE OF TISSUE HOMOGENIZATION TECHNIQUES ON LEVELS OF ESTROGEN AND 

PROGESTERONE RECEPTORS MEASURED I N  CALF UTERUS AND HUMAN BREAST TUMORS 

E.D. Ryan and W.H.C. Walker 

Department o f  Pa tho logy  

McMaster U n i v e r s i t y  Medical  C e n t r e  

Hamil ton,  O n t a r i o ,  Canada 

A b s t r a c t  

We have i n v e s t i g a t e d  t h e  s o l u b i l i z a t i o n  of e s t r o g e n  and p r o g e s t e r o n e  
r e c e p t o r s  d u r i n g  homogenizat ion o f  human b r e a s t  tumor and calf  u t e r u s  t i s s u e .  
With chopped human b r e a s t  tumor t i s s u e ,  t h e  mal(imum y i e l d  of b i n d i n g  p r o t e i n s  
occur red  a f t e r  mechanical  homogenizat ion a t  4 C w i th  a p o l y t r o n  PT-10 
i n s t r u m e n t  runn ing  a t  s e t t i n g  5 f o r  10-15 seconds .  With f r o z e n  or l y o p h i l i s e d  
t i s s u e  powders t h e  maximum y i e l d  of b ind ing  p r o i e i n s  o c c u r r e d  a f t e r  i n t e r m i t t e n t  
v o r t e x  mixing with b u f f e r  over  6 0  min. a t  4 C. The s o l u b i l i z e d  r e c e p t o r  
p r o t e i n s  were s t a b l e  f o r  a t  least  150 min. a t  4OC. Mechanical homogenizat ion 
o f  t h e  t i s s u e  powder s u s p e n s i o n s  r e s u l t e d  i n  r a p i d  d e n a t u r a t i o n  of t h e  r e c e p t o r s .  
No improvement i n  s t a b i l i t y  was ob ta ined  by i n c l u d i n g  10 mM mono th iog lyce ro l  and 
10% g l y c e r o l  i n  t h e  homogenizat ion b u f f e r .  

INTRODUCTION 

Q u a n t i t a t i o n  of i n t r a c e l l u l a r  e s t r o g e n  and p r o g e s t e r o n e  r e c e p t o r s  i n  human 

b r e a s t  tumors is now g e n e r a l l y  accep ted  a s  a u s e f u l  p r e d i c t o r  o f  r e s p o n s i v e n e s s  

t o  endoc r ine  t h e r a p y  ( 1 ) .  The & a s s a y  p rocedure  most commonly used t o  

d e t e c t  t h e  r e c e p t o r  p r o t e i n s  u s e s  r a d i o a c t i v e  s t e r o i d  t o  t a g  t h e  r e c e p t o r  and 

e i t h e r  dextran-coated c h a r c o a l  or d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  t o  s e p a r a t e  t h e  

unbound s t e r o i d  from t h a t  a s s o c i a t e d  w i t h  t h e  r e c e p t o r .  A cell-free s o l u t i o n  or 

" c y t o s o l n  is r equ i r ed  f o r  a n a l y s i s  of t h e s e  p r o t e i n s  and t h i s  p o s e s  un ique  
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464 RYAN AND WALKER 

problems of t i s s u e  homogenizat ion which are n o t  encoun te red  i n  t h e  a n a l y s i s  of 

plasma p r o t e i n s ,  

To prepa re  t h e  c y t o s o l  fraction, t h e  r e c e p t o r  p r o t e i n s  nust first be 

e x t r a c t e d  from t h e  t i s s u e  by d i s r u p t i n g  t h e  cells. The r e l e a s e d  t i s s u e  p r o t e i n s  

a r e  s o l u b i l i z e d  wi th  excess  b u f f e r  and t h e  t i s s u e  d e b r i s  is removed by 

c e n t r i f u g a t i o n .  S ince  bo th  e s t r o g e n  (2) and p r o g e s t e r o n e  ( 3 )  r e c e p t o r  p r o t e i n s  

a r e  r e p o r t e d  to be extremely l a b i l e ,  it is p o s s i b l e  t h a t  t h e  mechanical  

homogenizat ion of t h e  t i s s u e  might  i t s e l f  c o n t r i b u t e  t o  d e n a t u r a t i o n  of t h e s e  

p r o t e i n s  wi th  a r t i f a c t u a l  r e d u c t i o n  of a s sayed  s t e r o i d  b ind ing  c a p a c i t i e s .  

The methods used t o  d i s r u p t  t h e  t i s s u e  and s o l u b i l i z e  t h e  r e c e p t o r  p r o t e i n s  

f a l l  i n t o  two broad c a t e g o r i e s .  The t i s s u e  is e i t h e r  mechan ica l ly  homogenized 

d i r e c t l y  

t h e  r e s u l t i n g  powder is mechan ica l ly  homogenized (6,7).  U t t l e  a t t e n t i o n  h a s  

been paid to t h i s  first s t e p  i n  t h e  a n a l y s i s  of e s t r o g e n  and p r o g e s t e r o n e  

r e c e p t o r s ,  and we r e p o r t  h e r e  a s t u d y  of t h e  s t a b i l i t y  of r e c e p t o r s  i n  human 

b r e a s t  tumor tissue d u r i n g  t h e  homogenizat ion p r o c e s s .  

(4,5) or is f i rs t  p u l v e r i z e d  a t  a ve ry  low t e m p e r a t u r e  (-196') and 

We have i n v e s t i g a t e d  t h e  effect o f  s u l p h y d r y l  p r o t e c t i n g  a g e n t s  and g l y c e r o l  

which a r e  used by some workers  (7 ,8)  i n  an a t t empt  t o  s t a b i l i z e  t h e  r e c e p t o r  

p r o t e i n s  du r ing  homogenizat ion and subsequen t  i n c u b a t i o n .  In a d d i t i o n  we have 

extended t h e  s t u d y  t o  i n c l u d e  t h e  s t a b i l i t y  of r e c e p t o r s  d u r i n g  homogenizat ion o f  

l y o p h i l i s e d  powdered c a l f  u t e r u s  which has  been r e p o r t e d  (9,101 t o  have v a l u e  a s  

a q u a l i t y  c o n t r o l  m a t e r i a l  because of i t s  f a v o u r a b l e  s t a b i l i t y  on l o n g  term 

s t o r a g e .  

MATERIALS AND METHODS 

Human b r e a s t  tumors were removed a t  s u r g e r y  and were t r a n s p o r t e d  t o  t h e  

l a b o r a t o r y  on d ry  ice. Calf  u t e r i  were ob ta ined  from a l o c a l  s l augh te rhouse .  
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ESTROGEN AND PROGESTERONE RECEPTORS 465 

A l l  t i s sue  was stored a t  -70' before use. Chopped t i s sue  was prepared by 

cu t t ing  the frozen t i s sue  w i t h  a dissecting knife in to  small pieces. 

Tissue powders were prepared by freezing the tissue i n  l iqu id  nitrogen 

and pulverizing it a t  t ha t  temperature i n  a s t a in l e s s  s t e e l  mortar (-196OC) 

and pestle.  These powders were a l so  stored a t  -7OOC. 

Lyophilised powders were obtained by freeze drying the frozen powdered 

tissue for 16 hours. The condenser was cooled w i t h  a dry ice/acetone mixture. 

These powders were stored in screwtop v ia l s  a t  ambient temp (25-30'). 

Chemicals 

2 .  4, 6. 7 -3H-estradiol of spec i f ic  ac t iv i ty  90 Ci/mmol, 

17 -methyl 3H, 2 l-dimethyl-l9-Nor-4,9-pregnadiene-3,2O-d ione (R5020) of 

spec i f ic  ac t iv i ty  85 Ci/mmol and unlabelled R5020 were obtained from New England 

Nuclear, 549 Albany St. Boston. Mass. 17- p es t r ad io l  was obtained from Sigma 

Chemical Co. St. Louis, Mo. Other chemicals used were of reagent grade qua l i ty .  

Homogenization: 

One gram of t i s sue  (chopped, frozen powder, or lyophi l i sed)  was added t o  10 

m l  of lOmM Tris-HC1/1.5mM EDTA buffer (pH7.4) in a 25 x 150 mm g l a s s  tube. The 

tubes were kept on i ce  and the contents here vortex mixed a t  5 m i n u t e  i n t e rva l s  

over a 30 minute period. The t i s sue  was then homogenized using a Polytron 

PT-10-ST ( B r i n k m n n  I n s t r u m e n t s ,  Rexdale. O n t )  instrument running a t  rheostat  

s e t t i ng  5. Gne m l  a l iquots  of suspension were removed j u s t  p r ior  t o  the  

homogenization (zero time) and a t  i n t e rva l s  thereaf te r .  The temperature of the  

suspension did not r i s e  about 4' during homogenization. 

centrifuged a t  30,000 x g fo r  60 minutes using Brinkmann micro cent r i fuge  tubes 

i n  a Sorvall  SM-24 rotor.  

The homogenates were 

I n  other experiments the  time-course of receptor so lubi l iza t ion  by vortex 

mixing tissue powder w i t h  buffer was investigated. Here, the mechaniaal 
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466 RYAN AND WALKER 

homogenization s t e p  was omit ted.  but  t h e  sampling p r o t o c o l  and c y t o s o l  

p r e p a r a t i o n  was a s  desc r ibed  above. 

Incuba t ion :  

T o t a l  and non- spec i f i c  b ind ing  of  e s t r a d i o l  t o  r e c e p t o r s  was determined by 

i n c u b a t i n g  100 u l  of c y t o s o l  i n  10 x 7 5  mm g l a s s  t u b e s  with 5 pg 

'H-estradiol, wi thout  and with 5.000 pg un labe led  e s t r a d i o l .  i n  a t o t a l  

volume of 650 u l .  All s o l u t i o n s  con ta ined  10 mM Tris-HCW1.5 mM EDTA b u f f e r  

(pH7.4). Incuba t ion  time was 18-20 hour s  a t  4OC. 

For de te rmina t ion  of t o t a l  and non-specif ic  p roges t e rone  b ind ing  t o  

r e c e p t o r s ,  100 u l  o f  c y t o s o l  was i ncuba ted  wi th  5 pg 3H R5020, w i thou t  and 

with 5,000 pg R5020. i n  10 mM T r i s  HCU1.5 mM EDTA/buffer (pH7.4) i n  a t o t a l  

volume of  650 u l .  G lyce ro l  was added t o  t h e  b u f f e r  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  

i n  t h e  incuba t ion  mix tu re  of  34%. A l l  t u b e s  were incuba ted  f o r  18-20 hour s  a t  

4OC. 

A t  t h e  end of t h e  i n c u b a t i o n  pe r iod ,  ZOO u l  of a suspens ion  o f  0.5% c h a r c o a l  

and 0.05% d e x t r a n  i n  Tris-EDTA b u f f e r  (pH7.4) were added t o  each t u b e  t o  g i v e  a 

f i n a l  cha rcoa l  concen t r a t ion  of 0.121. The mix tu re  was incuba ted  f o r  30-60 

minutes  a t  4OC and then  c e n t r i f u g e d  a t  1 ,500 x g f o r  10 min. 

( c o n t a i n i n g  t h e  hormone r e c e p t o r  complex) was poured i n t o  s c i n t i l l a t i o n  v i a l s  

c o n t a i n i n g  5 m l  s c i n t i l l a t i o n  f l u i d .  

The s u p e r n a t a n t  

P ro te in :  

P r o t e i n  was measured by t h e  Lowry (11 )  method. 

Resu l t s :  

R e s u l t s  a r e  expressed a s  t h e  p r o p o r t i o n  of t h e  added l a b e l l e d  l i g a n d  bound 

t o  t h e  r ecep to r .  Incuba t ion  wi thou t  and w i t h  a l a r g e  e x c e s s  of  u n l a b e l l e d  l i g a n d  

y i e l d s ,  r e s p e c t i v e l y ,  t h e  p ropor t ion  of s p e c i f i c  p l u s  non- spec i f i c  and of 

non-specif ic  binding.  
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ESTROGEN AND PROGESTERONE RECEPTORS 

RESULTS A N D  DISCUSSION 

46 7 

Cytosol  p r e p a r a t i o n  

After a v a r i e t y  of homogenizat ion or s o l u b i l i z a t i o n  s t e p s ,  we p repa red  t h e  

c y t o s o l  f r a c t i o n  by c e n t r i f u g a t i o n  a t  30,000 x g f o r  60 min i n  a l l  e x p e r i m e n t s  

r e p o r t e d  here .  In p re l imina ry  expe r imen t s  we compared t h e  b ind ing  

c h a r a c t e r i s t i c s  of c y t o s o l s  p repa red  by c e n t r i f u g a t i o n  a t  100,000 x g and 30,000 

x g and found no d i f f e r e n c e .  McCuire e t  a 1  (12)  have compared t h e  e s t r a d i o l  

b ind ing  c a p a c i t i e s  o f  c y t o s o l s  p repa red  by c e n t r i f u g a t i o n  a t  1600 x g f o r  10 min 

wi th  t h o s e  p repa red  by c e n t r i f u g a t i o n  a t  104,000 x g f o r  40 min and a l s o  r e p o r t e d  

no d i f f e r e n c e .  

S e v e r a l  workers  have r e p o r t e d  (7,8) i n c l u s i o n  of s u l p h y d r y l  r e a g e n t s ,  e i t h e r  

mono th iog lyce ro l  or d i t h i o t h r e i t o l  t o g e t h e r  w i th  g l y c e r o l  i n  t h e  homogenizat ion 

b u f f e r  a s  r e c e p t o r  s t a b i l i z e r s .  We have r e p e a t e d  a l l  o f  t h e  expe r imen t s  r e p o r t e d  

h e r e  wi th  m n o t h i o g l y c e r o l  (10 mmol/l)  p l u s  g l y c e r o l  (100 g / l )  i n  t h e  

homogenizing b u f f e r  and have observed no change i n  r e c e p t o r  s t a b i l i t y .  Ke igh t l ey  

e t  a1 (13) have  made t h e  same o b s e r v a t i o n  wi th  d i t h i o t h r e i t o l .  We d i d  however 

i n c l u d e  g l y c e r o l  i n  t h e  i n c u b a t i o n  b u f f e r  used t o  measure t h e  p r o g e s t e r o n e  

r e c e p t o r .  In t h i s  system, g l y c e r o l  s h o r t e n s  t h e  time r e q u i r e d  t o  r each  

e q u i l i b r i u m  b u t  does no t  a f f e c t  t h e  f i n a l  e q u i l i b r i u m  p o s i t i o n  ( i n  p r e p a r a t i o n ) .  

Human B r e a s t  Tumor T i s s u e  

The b ind ing  a t t r i b u t a b l e  t o  e s t r a d i o l  and p r o g e s t e r o n e  r e c e p t o r s  o f  chopped 

and powdered human b r e a s t  tumor t i s s u e  s o l u b i l i z e d  by homogenizat ion f o r  

i n c r e a s i n g  times a r e  shown i n  F i g u r e s  1 and 2. ?he homogenizat ion time 

dependence of s o l u b i l i z a t i o n  is s i m i l a r  for both r e c e p t o r s ,  but  a marked 

d i f f e r e n c e  i s  seen  between t h e  chopped and powdered t i s s u e .  

With powdered t i s s u e ,  t h e  maximum y i e l d  o f  r e c e p t o r s  o c c u r s  p r i o r  t o  any 

mechanical  homogenizat ion a s  a r e s u l t  of vo r t ex  mixing powder wi th  b u f f e r  a t  5 
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HOMOGENIZATION TIME (sacs) 

Figure  1. Estrogen ( O ) ,  progesterone ( O ) ,  and t o t a l  p ro t e in  ( A )  s o l u b i l i z e d  
by mechanical homogenization o f  chopped human b r e a s t  tumor t issue.  
l i n e  r e p r e s e n t s  s p e c i f i c  p l u s  non- spec i f i c  binding.  The dashed l i n e  r e p r e s e n t s  
non-specif ic  binding. Bc= Bound counts .  Tc= T o t a l  counts .  

The s o l i d  
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Figure 2 .  Estrogen ( 0 ) .  proqesterone ( 0 )  and t o t a l  p r o t e i n  ( A )  s o l u J i l i z e d  
by mechanical homoqenization of  pu lve r i zed  human x e a s t  tumor t i s s u e .  
l i n e  r e p r e s e n t s  s p e c i f i c  p l u s  non-specif ic  bindinq.  The dashed l i n e  r e p r e s e n t s  
non-specif ic  binding. Bc= Bound counts .  Tc= T o t a l  counts .  
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ESTROGEN AND PROGESTERONE RECEPTORS 469 

min. intervals over a 30 min. period. Mechanical homogenization of this 

preparation results in rapid denaturation of the receptors with a 50% loss of 

binding after homogenization for 30 sec. 

By contrast, with chopped tissue, mechanical homogenization was essential 

for solubilizing the receptors. The maximum yield of binding protein occured 

after homogenization for 10-15 seconds. Further homogenization resulted in 103s 

of hormone binding capacity but in all eight tumors studied the rate of 

denaturation was less in the chopped tissue than in the powdered tissue. It is 

not possible to ascribe this difference between chopped and powdered tissue to 

freezing in liquid nitrogen and subsequent thawing as both preparations were 

treated similarly in this respect. The slower denaturation with chopped tissue 

may be due to a prolongation of receptor solubilization when compared with rapid 

solubilization from powdered tissue. The data relating t o  release of the total 

protein (Figs. 1 and 2) supports this hypothesis. 

Progressive destruction of the receptors during homogenization of chopped 

tumor tissue has practical importance. In many cases, small sections of tumor 

will adhere to the homogenizer probe and there is a tendency to continue to 

homogenize until all of these tissue pieces are fragmented. This may take some 

considerable time, and as a result most of the receptor protein originally 

present will be denatured. Even with protocols that define homogenization time 

and conditions, different centres may be expected to produce results that differ 

as a result of the nature of the mechanical homogenization step. 

Calf Uterus Tissue 

Calf uterus has relevance for the laboratory performing routine receptor 

assays on human breast tumors in that it is a source of positive control 

material. Homogenous powders are readily prepared and are stable on storage at 

-86' for at least four months ( 1 4 ) .  An aliquot of this material can be 

analysed with each batch of breast tumors as part of intra-laboratory quality 

assurance. An inter-laboratory quality assurance program is also available with 
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4 70 RYAN AND WALKER 

f rozen  c a l f  u t e r u s  powders sh ipped  on d r y  ice t o  each p a r t i c i p a t i n g  l a b o r a t o r y  

( 1 4 ) .  

The o b s e r v a t i o n  by Koenders e t  a 1  (9 )  t h a t  bo th  e s t r a d i o l  and p r o g e s t e r o n e  

r e c e p t o r s  remain s t a b l e  i n  l y o p h i l i z e d  t i s s u e  powder, s u g g e s t s  t h a t  such  powder 

might have enhanced convenience a s  q u a l i t y  c o n t r o l  m a t e r i a l ,  e s p e c i a l l y  i f  it had 

s t a b i l i t y  a t  ambient t empera tu re  and could b e  c i r c u l a t e d  by mail r a t h e r  t h a n  

hav ing  t o  be t r a n s p o r t e d  by a i r - f r e i g h t  on dry ice. 

Koenders e t  a1 (9) do no t  s p e c i f y  t h e  c o n d i t i o n s  used t o  homogenize t h e i r  

l y o p h i l i z e d  powder p r i o r  t o  a n a l y s i s .  S ince  t h i s  i n i t i a l  s t e p  can i n t r o d u c e  

l a r g e  v a r i a b i l i t y  i n t o  t h e  r e c e p t o r  a s s a y  u s i n g  f r o z e n  powders, we compared t h e  

homogenization c h a r a c t e r i s t i c s  of f rozen  and l y o p h i l i z e d  tissue powders. The 

r e s u l t s  a r e  shown i n  F i g u r e s  3 and 4. There was no d i f f e r e n c e  between t h e  f r o z e n  

and l y o p h i l i z e d  t i s s u e  powders. The mximum y i e l d  of b i n d i n g  p r o t e i n  was 

ob ta ined  after o n l y  2-5 seconds  of mechanical  homogenizat ion.  F u r t h e r  

homogenization r e s u l t e d  i n  c o n s i d e r a b l e  loss of b i n d i n g  a b i l i t y ,  

Vortex mixing of t i s s u e  powders wi th  b u f f e r  

I n  t h e  expe r imen t s  r e p o r t e d  above, most of t h e  r e c e p t o r s  were s o l u b i l i z e d  

from tissue powders ( f r o z e n  or l y o p h i l i s e d )  by vo r t ex  mixing w i t h  b u f f e r .  We 

have i n v e s t i g a t e d  t h i s  p r o c e s s  i n  g r e a t e r  d e t a i l  and f i n d  maximum b i n d i n g  

a c t i v i t y  s o l u b i l i z e d  a f t e r  one hour o f  i n t e r m i t t e n t  v o r t e x  mixing w i t h  b u f f e r  as 

d e s c r i b e d  i n  t h e  9nethods" s e c t i o n  ( F i g s  5 ,  6). The y i e l d  of b i n d i n g  p r o t e i n s  

s o l u b i l i z e d  is e q u i v a l e n t  t o  t h a t  o b t a i n e d  by b r i e f  mechanical  homogenizat ion.  

Unlike mechanical  homogenizat ion,  however, v o r t e x  mixing wi th  b u f f e r  d o e s  n o t  

d e n a t u r e  t h e  r e c e p t o r s .  For mon i to r ing  t h e  r e c e p t o r  a s s a y  s t e p s  subsequen t  t o  

homogenization of tumor t i s s u e .  t h e  p r e s e n t  f i n d i n g s  s u g g e s t  t h a t  v o r t e x  mixing 

of t h e  q u a l i t y  c o n t r o l  t i s s u e  powders will y i e l d  a r e p r o d u c i b l e  c y t o s o l  

p r e p a r a t i o n .  
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Figure 3. Estrogen ( o ) ,  proqesterone ( 0 )  and t o t a l  p r o t e i n  ( A )  s o l u b i l i z e d  
by mechanical homogenization of  pulver ized c a l f  u t e r u s  t i s s u e .  The s o l i d  l i n e  
r e p r e s e n t s  s p e c i f i c  plus non-spec i f i c  bindinq.  The dashed l i n e  r e p r e s e n t s  non- 
s p e c i f i c  binding. Bc= Bound counts .  Tc= T o t a l  counts .  
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Fiqure 4. Estrogen ( 0 ) .  progesterone ( 0 )  and t o t a l  p r o t e i n  ( A )  s o l u b i l i z e d  
by mechanical homogenization o f  l yoph i l i s ed  c a l f  u t e r u s  t i s s u e .  The s o l i d  l i n e  
r e p r e s e n t s  s p e c i f i c  p lus  non-specif ic  binding. The dashed l i n e  r e p r e s e n t s  non- 
s p e c i f i c  Sindinq. Bc= Bound counts .  Tc= T o t a l  c o u n t s .  
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Figure 5. Estrogen 
bv vo r t ex  mixina of  < I  
r ;?presents  s p e c i f i c  p l u s  non-specif ic  binding.  
s p e c i f i c  aindinq. B c =  Bound counts .  Tc= T o t a l  counts .  

The dashed l i n e  r e p r e s e n t s  non- 

( 0 )  , progesterone ( 0  ) and t o t a l  p ro t e in  ( A  ) s o l u 2 i l i z e d  
pulver ized ca1.f u t e r u s  t i s s u e  with bu f fe r .  The s o l i d  l i n e  
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Fiqure 6. Estrogen ( O ) ,  progesterone ( 0 )  and t o t a l  p r o t e i n  ( A )  s o l u b i l i z e d  
by vor t ex  mixing of l y o p h i l i s e d  c a l f  u t e rus  t i s s u e .  The s o l i d  l i n e  r e p r e s e n t s  
s p e c i f i c  p lus  non-specif ic  bindinq. The dashed l i n e  r e p r e s e n t s  non-specif ic  
binding. Bc-  Bound counts .  Tc= T o t a l  counts .  
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For l a b o r a t o r i e s  which r o u t i n e l y  p u l v e r i z e  b r e a s t  tumor t i s s u e  p r i o r  t o  

homogenizat ion our r e s u l t s  sugges t  t h a t  v o r t e x  mixing w i t h  b u f f e r  f o r  60 min w i l l  

maximally s o l u b i l i z e  t h e  r e c e p t o r s  and r educe  t o  a minimum t h e  homogenizat ion 

component o f  between l a b o r a t o r y  v a r i a b i l i t y .  

For l a b o r a t o r i e s  t h a t  mechan ica l ly  homogenize chopped tumor wi thou t  p r i o r  

p u l v e r i z a t i o n ,  some measure o f  t h e  e f f e c t  of t h e  mechanical  homogenizat ion s t e p  

on r e c e p t o r  s t a b i l i t y  may be o b t a i n e d  by t a k i n g  a second t i s s u e  powder q u a l i t y  

c o n t r o l  sample through t h e  mechanical  homogenizat ion s t e p .  It must b e  accep ted  

however t h a t  such a powder may undergo d e n a t u r a t i o n  a t  a d i f f e r e n t  r a t e  from t h e  

chopped t i s s u e  and t h a t  t h e r e  can be no f u l l y  adequa te  c o n t r o l  m a t e r i a l  for such 

chopped t i s s u e ,  r ang ing  a s  it does  in p a r t i c l e  s i z e  and c e l l u l a r  c o n s i s t e n c y .  
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