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During development  of expe r imen ta l  amylo idos is  in albino mice  the number  of blood leuko-  
cytes  containing acid phospha tase  i nc r ea se s .  The number  of neutrophi ls  with phosphatase  
act ivi ty  i n c r e a s e s  even before  the development  of amyloidosis .  The number  of lymphocytes  
containing this enzyme i n c r e a s e s  pa ra l l e l  with the degree  of development  of amyloidosis .  

Acid and alkaline phospha tases  play an impor tan t  role  in synthes is  and t i s sue  ut i l izat ion of mucopoly-  
s accha r ide s  and pro te in  [8]. Since amyloid is a mucoglucoprote in  [1, 3, 4, 6], it is in te res t ing  to study these  
enzymes  at va r ious  pe r iods  of development  of exper imenta l  amyloidosis .  

In the invest igat ion desc r ibed  below, act ivi ty  of acid and alkaline phospha tases  was inves t igated in 
c i rcula t ing  blood leukocytes  of heal thy albino mice  and mice  developing amyloidosis .  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on 40 mice.  Phospha ta ses  were  de te rmined  in all mice  before  the be -  
ginning of the exper iment ,  a f te r  which 10 mice  were  sacr i f iced  (to study the initial his tological  p ic tu re  of 
the l iver ,  spleen,  and kidneys),  while amylo idos is  was produced in 30 mice  by inject ion of case in  [2]. 

Alkaline phosphatase  was de te rmined  by Kaplow's  method [7] and acid phosphatase  by the method of 
Goldberg and B a r k a  [5]. No descr ip t ions  of the l as t  method, which is the mos t  specif ic ,  could be found in 
the access ib le  Soviet l i t e ra tu re ,  so that  i t  will be  b r ie f ly  desc r ibed  below. Blood f i lms  a r e  made on c a r e -  
fully defat ted s l ides  and immedia t e ly  fixed for  30 sec in 10% formal in  solution in 96 o r  100 ~ methyl  o r  
ethyl alcohol at 0-5~ well  r insed with dist i l led water ,  and dried.  Immedia te ly  af ter  drying,  the f i lms  a re  
flooded with a mix tu re  of solutions No. 1 and No. 2. Solution No. 1 cons is t s  of 20 mg (~-naphthyl monophos-  
phate, 0.5 ml acetone,  and 20 ml 0.1 N sodium aceta te  solution, while solution No. 2 cons is t s  of 4 drops  
4% pa ra ro san i l i ne  and 4 drops  4% sodium ni t ra te  solution. The solutions a re  mixed immedia t e ly  before  
flooding the f i lms  and a re  used only once. F i lms  with the solution a re  incubated at 37 ~ for  not l ess  than 
4 h, a f te r  which they a r e  well  washed with dis t i l led wa te r  and counters ta ined with 1% aqueous solution of 
methyl  g reen  for  5-10 rain, well r insed again with dis t i l led water ,  and dr ied at r oom t e m p e r a t u r e .  On ex-  
aminat ion under  an i m m e r s i o n  objective,  acid phospha tase  is revea led  in granulocytes  and lymphocytes  as 
br ight  pink g ranu les  in the cy top lasm or  as diffuse staining of the cytoplasm.  

Staining for  phospha tases  is usual ly  c a r r i e d  out immedia te ly  a f te r  blood f i lms a re  taken. Keeping 
unsta ined f i lms,  including fixed f i lms,  even for  as l i t t le  as 24 h makes  them unsui table  for  invest igation.  

The re su l t  of de te rmina t ion  of acid phosphatase  is usual ly  e x p r e s s e d  in the l i t e r a tu re  as the number  
of cel ls  containing the enzyme f r o m  100 examined.  However,  the w r i t e r ' s  exper ience  sugges ts  that it is 
n e c e s s a r y  to subdivide leukocytes  containing phosphatase  into the following groups:  i ) f i r s t d e g r e e  of act iv i ty  
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Fig. I. Amyloidosis  of mouse organs:  a) spleen (+++), 56x; b) l iver  
(++), 280x; c )k idney  (++~), 280x. Hematoxyl in-eosin.  

TABLE 1. Degree  of Viscera l  Amyloidosis in Mice at Different  Times  
of the Exper iment  
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Legend: 1) spleen; 2) l iver;  3) kidney. 

(+), 1 o r  2 granules  of acid phosphatase o r  slight focal staining of the Cytoplasm; 2) second degree  (++), 3 
o r 4  granules  o r  staining of 1/3 of the cytoplasm; 3) third degree  (+++), 3-6 granules or  staining of 2/3 of the 
cytoplasm, and finally; 4) four thdegree  of activity (++++),  more  than 5-6 granules or  pink staining of the 
whole cytoplasm. 

The g r e a t e r  objectivity of this method of assess ing the resu l t s  is obvious. The percentage  of leuko- 
eytes  containing phosphatase may be the same at the beginning and end of the exper iment ,  but the intensity 
of staining of the cel ls  will differ.  

The exper iment  continued for 5 months: f rom Februa ry  12 to July 20, 1968. All mice surviving until 
the end of the exper iment  rece ived  38 injections of casein; eight mice (Nos. 2, 3, 7, 10, 12, 15, 19, 23) died 
ear ly ,  and the i r  data were  not included in the exper imenta l  resul ts .  Besides  the initial determinat ion,  phos-  
phatases  were es t imated  in the exper imenta l  mice on another four occasions  (April 20, May 20, June 20, 
and July 20), and in the healthy mice at the end of the exper iment  (July 20) as a control  of the possible 
effect  of the seasonal  factor.  The course  of development of amyloidosis  was checked by per iodic  pos tmor -  
t em examination of the mice. 

R E S U L T S  

Repeated investigations of blood f i lms of mice using human and ra tb lood fi lms as controls  showed con- 
clusively that alkaline phosphatase cannot be detected in circulat ing blood leukocytes of mice ( at leas t  not by Kap- 
low's  method [7]). Fo r  this reason,  the resul ts  of tes ts  for  acid phosphatase only will be descr ibed  below. 
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TABLE 2. Dynamics  of Acid Phospha tase  in Circulat ing Blood 
Leukocytes  of Mice during Development  of Amyloidos is  (M • m) 
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The data for  development  of amylo idos is  a re  given in Table 1 and Fig. 1. By the end of the e x p e r i -  
ment  mos t  of the experinaental  mice  had developed a w e l l - m a r k e d  degree  of v i s c e r a l  amyloidosis .  

Resul t s  showing changes in acid phosphatase  act ivi ty in the c i rcu la t ing  blood leukocytes  of  mice  
during the pe r iod  of development  of amyloidos is  a re  s u m m a r i z e d  in Table 2. They show that acid phos -  
pha tase  act ivi ty in the neutrophi ls ,  a f te r  an initial r i s e  in the per iod before  development  of amylo idos i s  or  
in i ts  e a r l y  s tage,  t h e r e a f t e r  i nc reased  only v e r y  slightly. No specia l  changes were  obse rved  in the  degree  
of act ivi ty,  and both in the init ial  s ta te  and at the end of the  exper imen t  only so l i t a ry  cel ls  were  seen with 
the th i rd  deg ree  of activity.  So fa r  as lymphocytes  a re  concerned,  in this case  the p ic ture  was somewhat  
different :  phospha tase  act ivi ty in these  ce l l s  i nc reased  gradual ly,  co r re la t ing  to a definite degree  with the 
development  of amyloidos is ,  and by the end of the expe r imen t  it was much higher  than both the initial  level  
and the level  detected in heal thy mice  at the s a m e  period.  

These  r e su l t s  are  of cons iderable  in te res t .  Mil ler  and Smith [9] showed that  acid phosphatase  act ivi ty  
i n c r e a s e s  during an i nc rea se  in phagocyt ic  act ivi ty of cel ls .  F r o m  this point of view, it might  be postula ted 
that  the i n c r e a s e  in number  of cel ls  with acid phosphatase  is  a ssoc ia ted  with the onset  of phagocytos is  and 
absorp t ion  of amyloid  in the mice .  However,  this  can hardly  be reconci led  with the fact  that  the i nc rea se  in 
number  of neutrophi ls  (i.e., of cel ls  par t ic ipa t ing  d i rec t ly  in phagoeytosis)  with ac id-phosphatase  act ivi ty  
was sl ight  and was obs e rved  before  the development  of any marked  degree  of amyloidos is .  On the o the r  
hand, i t  i s  a well-known fact  that  acid phosphatase  plays  an impor tan t  role  in the fo rmat ion  of mueopoly-  
s aceha r ides  by l ibera t ion  of e s sen t i a l  sugar s  f r o m  hexose  phosphates  [8]. In addition, acid phospha tase  
p lays  a role  in p ro te in  synthesis  [10]. It can the re fo re  be postulated that  the i nc rea se  in number  of cel ls  
with ac id -phospha tase  activity,  toge ther  with the p redominan t  i nc rea se  in number  of lymphocytes ,  which are  
concerned with antibody production,  is a ssoc ia ted  not with the absorpt ion,  but with the synthes is  of 
amyloid.  
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