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Induction of osteogenesis was observed in 90-100% of cases of implantation of decalcified bone 
matr ix  intramuscularly into mice, beneath the kidney capsule, beneath the kidney capsule after 
ligation of the blood vessels,  and intramuscularly into animals after curettage of the medullary 
canal of the femur. No morphoiogical differences were found under these circumstances.  Both 
implants with large bone lamellae filled with medullary cells and implants with small areas of 
osteogenic t issues were found in each ser ies  of experiments.  It is concluded that the induction 
process  is independent both of the degree of vascularization of the implantation site and of the 
degree of calcification of the surrounding tissue, and it is evidently determined by the presence 
of inducible cells susceptible to the induction stimulus. 
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After intramuscular implantation of decalcified bone matrix, bone with bone marrow is induced [2-9]. 
The inducing system in this case is the bone matrix,  and the reacting system the recipientYs connective t issue.  
The quantity of new bone and, correspondingly of bone marrow thus formed differs both in different animals 
and after  implantation of the matr ix  in different parts  of the body of the same animal [4, 8, 9]. Since the in- 
ducing system in each case is an identically prepared matrix, these changes in the induction process must 
evidently be associated with the state of the recipient 's  reacting system. 

In order  to study conditions affecting the intensity of osteogenesis following induction, in the present 
investigation decalcified matr ix  was implanted intramuscularly,  beneath the capsule of the kidney, either of 
the intact organ or  af ter  ligation of its blood vessel, and intramuscularly into animals after curettage of the 
medullary cavity of one femur in mice. 

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

Decalcified bone matr ix was prepared by Uris t ' s  scheme [57. The tibias were removed from (CBA x 
C57BL)F i mice weighing 20-25 g, defatted with a mixture of methanol and chloroform (1: 1) for 1 h at 25~ 
r insed with cold water, and decalcified in 0.6N HC1 for 2 h at 2~ after which they were placed in 2M CaC12 
for 4 hat2~ in 0.SMEDTA (pH7.4) f o r l h  at 2~ in8 M L i C l f o r 4 h a t 2 o c ,  a n d i n d i s t i l l e d w a t e r f o r l h a t  55oc. 
After being thus prepared,  the bone cylinders were implanted into syngeneic recipients into the muscle of the 
anter ior  abdominal wall or  beneath the capsule of the left kidney. The a r te ry  and vein of the kidney of some 
recipients were ligated at the t ime of implantation. The control for this group consisted of animals with l i -  
gation of the kidney and with bone matr ix  implanted into the anter ior  abdominal wall. Simultaneously with 
implantation of the bone matr ix  into the anter ior  abdominal wall, the right femur of some of the recipients 
was co_retted. All the implants were removed after  1-1.5 months, fixed with alcohol-formol, decalcified, and 
examined histologic ally. 

E X P E R I M E N T A L  R E S U L T S  

Lamel lar  bone with a well-defined osteoblastic layer  and a cavity filled with bone marrow cells was 
formed inside the medullary cavity of the implanted matr ix in all groups of recipients after  1-1.5 months 
(Figs. 1 and 2). The quantity of induced bone and marrow varied in different animals {Fig. 3). As a rule the 
intensity of osteogenesis corre la ted with the degree of resorption of the implanted mat r i~  When intensive 

Laboratory of ImmunomorphologT~, N. F. Gamaleya Institute of Epidemiology and Microbiology, Academy 
of Medical Sciences of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences 
of the USSR P.  A. Vershilova.) Translated from Byulleten'  Eksperimental 'noi Biologii i Meditsiny, Vol. 89, 
No. 1, pp. 45-46, January, 1980. Original ar t icle  submitted April 30, 1979. 

0007-4888/80/8901-0057507.50 �9 1980 Plenum Publishing Corporation 57 



Fig. I. Induction of bone with bone marrow one month after 
implantation of bone matrix intramuscularly. M) Bone 
matrix; B) induced bone; BM) induced bone marrow. Hema- 
toxy l in -eos in ,  25 •  

Fig.  2. Induction of bone with bone m a r r o w  
beneath  kidney capsule  one month a f t e r  i m -  
plantat ion of ma t r ix .  Legend as  in Fig .  1. 
H e r e  and in Fig.  3, s ta ined with hema toxy-  
l in -eos in ,  2.5 t i m e s .  

r e s o r p t i o n  took place ,  the l a r g e s t  quanti ty of bone and bone m a r r o w  was obse rved ,  whereas  in implants  with 
weak r e s o r p t i o n  only sma l l  i s l e t s  of os teogenic  t i s s u e  could be  seen .  N e c r o s i s  of the c o r t e x  and of a l a r g e  
p a r t  of the medul la  of the  kidney was obse rved  in r ec ip i en t s  with l iga ted  rena l  ve s se l s ,  the kidney was shrunken,  
and the  implan t  could be  c l e a r l y  dis t inguished on i ts  su r face .  A s in all  the  o the r  c a se s ,  l a m e U a r  bone with a 
cavi ty  f i l led with m a r r o w  cel l s  was f o r m e d  inside the implant .  

Although the  model  of induction of os teogenes i s  with the aid of  decalc i f ied  bone m a t r i x  has  been known 
for  a long t i m e  the m e c h a n i s m s  of induction stil l  r e m a i n  unexplained.  The  exis tence  of an os teogenes i s  f ac to r  
(bone morphogene t ic  protein) ,  s e c r e t e d  by the  m a t r i x  and caus ing  di f ferent ia t ion in the d i rec t ion of o s t eogene -  
s i s ,  has  been sugges ted  [7]. The  in tens i ty  of th is  p r o c e s s  d i f fered  in di f ferent  r ec ip i en t s ,  and the  inducer  ev i -  
dently only t r i g g e r s  the  m e c h a n i s m  of os t eogenes i s ,  and the  r a t e  of  th is  p r o c e s s ,  the s ize  of  the  bone and m a r -  
row foci  induced a r e  de t e rmined  by the  rec ip ien t  into which the  m a t r i x  is  implanted.  

When poss ib le  inf luences  of the  r ec ip ien t  on the  c o u r s e  of the  induction p r o c e s s  w e r e  studied in th is  
inves t iga t ion  it  was found that  a f t e r  implanta t ion  of bone m a t r i x  i n t r amuscu la r ly ,  beneath the kidney capsule ,  
beneath the kidney capsu le  a f t e r  l igat ion of the vesse l ,  and into an ima l s  subjected to cure t t age  of the medu l l a ry  
cavi ty ,  induction of os t eogenes i s  took p lace  in 90-100% of c a s e s .  Morphologica l ly  the induction p r o c e s s  did 
not d i f fer  in different  s e r i e s  of exper iments .  By 1.5 months bone with m a r r o w  ce l l s  was induced inside the  
ma t r i x .  By con t r a s t  with r a t s  [4], in which the induction of os t eogenes i s  by means  of bone m a t r i x  t akes  p lace  
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Fig.  3. Bone induction in animal  a f t e r  cu re t t age  of 
m e d u l l a r y  canal of f e m u r  one month a f t e r  implantat ion 
of mat r ix :  m a t r i x  poor ly  r e s o r b e d ,  no induction of bone 
m a r r o w  can be seen.  C) Chondrogenesis ;  r e m a i n d e r  
of  legend as in Fig.  1. 

TABLE 1. Induction of Os tecgenes i s  a f t e r  
Implantat ion of Ma t r ix  into Mice 

Implantation 
of matrix 

Time of Number of implants 
fixation, -- - -  
days with induc- 

Itotal Itionof bone 

Intra muscular ly 
Under kidney capsule 
Under capsule of ligated 
kidney 

Intra mhscu tar co ntro i 
Intramuscul~ly* into cur- 
etted animal 

30~45 

303045 

30 

30 30 
20 18 

14 14 
25 25 

5 3 

*In two c a s e s  comple te  r e s o r p t i o n  of the  i m -  
planted m a t e r i a l  was obse rved .  

much l e s s  in tens ive ly  under  the kidney capsule  than under  m u s c l e  fasc ia ,  in h a c e  os teogenes i s  under  the  in-  
f luence of m a t r i x  t akes  p lace  jus t  as  in tens ive ly  beneath the kidney capsu le  as  a f t e r  i n t r a m u s c u l a r  implantat ion.  
I t  is  in t e res t ing  to note that  the kidney shr inks  and b e c o m e s  calc i f ied  i f  m a t r i x  is implanted beneath i ts  capsule  
and if the  rena l  v e s s e l s  a r e  l igated,  and bone with a medu l l a ry  cav i ty  and with hematopoie t ic  ce l l s  is  induced 
a f t e r  1-1.5 months inside the implan ted  m a t r i x .  The r e su l t s  show that  the  induction p r o c e s s  is  independent 
both of the deg ree  of  va scu l a r i za t i on  of the  s i t e  of  implanta t ion of  the  inducer  and of the deg ree  of  ca lc i f ica t ion  
of the  surrounding t i s sue ,  and it  is  evidently de te rmined  by the  p r e s e n c e  of inducible ce l l s  suscept ib le  to the 
induction s t imulus  [2, 3]. Inducible ce l l s  d i f fer  f r o m  de te rmined  p r e c u r s o r  ce l l s  of  nat ive bone m a r r o w ,  for  
which the  bes t  s i te  of  he te ro t rop ic  t ransp lan ta t ion  is the kidney capsule ,  and the number  of which i n c r e a s e s  
a f t e r  cu re t t age  [1, 2]. The respom~e of the rec ip ien t  to the induction s t imulus  may  evidently be  de te rmined  
not only by the p r e s e n c e  of inducible cel ls ,  but also by the abil i ty of  the implanted m a t r i x  to undergo r e so rp t ion .  
It  is not yet c l e a r  what is the m e c h a n i s m  of th is  p r o c e s s  o r  which ce i l s  pa r t i c ipa te  in it. 
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QUANTITATIVE HISTOCHEMICAL STUDY OF ALKALINE 

PHOSPHATASE ISOZYMES IN THE UTERUS OF OVARIECTOMIZED 

GOLDEN HAMSTERS DURING ESTROGENIZATION 

N. V. G r u s h c h e t s k a y a  a n d  A. S. L o k t i o n o v  UDC 612.627.015.1:577.152.313/-06 : 
612.616.1 

Activity of two isozyme forms of alkaline phosphatase in the uterus of ovariectomized golden 
hamsters was investigated. The animals of different groups received single daily injections 
of 10 ~g estrogen (benzestrol) for 4 and 16 days. Administration of the estrogen did not affect 
total alkaline phosphatase activity in the uterine epithelium but reduced the activity of the en- 
zyme in the stroma. It was also shown that with an increase in the duration of estrogenization 
the relative proportion of the alkaline phosphatase isozyme of intestinal type in the epithelial 
cells of the uterine cavity increased. 

KEY WORDS: estrogenization; uterus; histochemistry. 

Investigation of the isozyme spectra of various enzymes is nowadays widely used in oncologic practice 
[14]. An isozyme of alkaline phosphatase not normally encountered (the placental form of Regan's isozyme) 
is found in the blood serum of patients with certain forms of cancer and also inihe tumor tissue [8]. The 
distinguishing features of this isozyme are its thermostability, its inhibitability by L-phenylalanine, its re- 
sistance to imidazole and levamisole, and its antigenic properties. In normal tissues only the alkaline phos- 
phatase of intestinal epithelium (the intestinal type) resembles the placental type in its properties. 

Since prolonged estrogenization is supposed to lead to the development of pretumor and tumor processes 
in the reproductive organs of women and female experimental animals, an attempt was made to study changes 
in the activity of two alkaline phosphatase isozymes in the uterus of ovariectomized golden hamsters during 

estrogenization of varied duration. 

EXPERIMENTAL METHOD 

Experiments were carried out on 48 ovariectomized golden hamsters, divided into four groups. The ani- 
mals of group I received a single subcutaneous injection of the synthetic estrogen octestrol (benzestrol) in a 
dose of i0 ~g (in 0.2 ml peach oil). The animals of group 2 received injections of i0 gg benzestrol daily for 
4 days. The animals of group 3 received I0 gg benzestrol daily for 16 days. Animals of group 4 (control) 
received no hormones. 

The hamsters were killed by decapitation 18-20 h after the last injection of the hormone. The uterine 
cornua, frozen in liquid nitrogen, were taken for examination. Alkaline phosphatase in frozen sections i0 
thick was revealed by Burstone's methodwithnaphtholAS-MX and fast blue (Reanal, Hungary). To determine 
the alkaline phosphatase isozymes, L-levamisole [6], an inhibitor of the isozyme of hepatic type, was added to 
the incubation medium in concentrations of 0.01, 0.05, and 0.5 mmole/ml medium [4]. * 

The intensity of the reaction was estimated quantitatively from a cytospectrophotometer with digital 
print-out (objective 40 • ocular 7 • wavelength 550 nm, probe area 4.9 ~ 2 Enzyme activity was expressed in 
optical density units (o.d.u.). Enzyme activity in the presence of inhibitor was expressed as a percentage of 

*The L-levamisole was generously provided by Dr. M. Borgers.  
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