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Summary 

The  se lec t ive  e n z y m a t i c  d e g r a d a t i o n  of l ana to s ide -D  
yields  ace ty l -d ig ina t in -a ,  t he  mi ld  a lka l ine  hydro lys i s  des- 
a ce ty l - l ana to s ide -D .  T h e  p r o p e r t i e s  of t he se  glycosides 
are desc r ibed ;  b o t h  can  be  t r a n s f o r m e d  b y  f u r t h e r  de- 
g r a d a t i o n  in to  d ig ina t in .  

P y r o p h o s p h a t a s e s  o f  B o n e  

Scarce  a n d  d i s c o r d a n t  i n f o r m a t i o n  is found  in  t h e  
l i t e r a t u r e  as  to  t h e  p resence  of p y r o p h o s p h a t a s e s  in  
oss i fy ing ca r t i l age  a n d  bone ,  a l t hough ,  acco rd ing  to  some 
a u t h o r s  1, i no rgan ic  p y r o p h o s p h a t e  seems  to  p l a y  a role  in  
b o n e  fo rma t ion .  

In  t he  p r e s e n t  work,  we h a v e  t h o u g h t  i t  of i n t e r e s t  to  
s t u d y  t he  d i s t r i b u t i o n  a n d  p rope r t i e s  of p y r o p h o s p h a t a s e s  
in t he  va r ious  p a r t s  of b o n e  t issue.  

Experimental and Results. T h e  a n t e r i o r  m e t a t a r s u m  of 
a less t h a n  30 d a y s  old l a m b  was excised  i m m e d i a t e l y  a f t e r  
t he  ki l l ing of t h e  an imal ,  cooled a t  - 10°C a n d  freed f rom 
the  sof t  p a r t s  a n d  pe r ios t eum.  F r o m  th i s  sample ,  a sec t ion  
of w h i c h  is s h o w n  in F igu re  1, t h e  fol lowing h is to logica l ly  
u n i f o r m  f rac t ions  were p r e p a r e d :  (1) A r t i c u l a r  car t i lage ,  
(2) Spongiosa  of epiphysis ,  (3) E p i p h y s e a l  ca r t i l age  p la te ,  
(4) M e t a p h y s e a l  spongiosa ,  c o r r e s p o n d i n g  to  newly  ossi- 
fied car t i lage ,  a n d  d i f fe ren t  f rom the  spongiosa  of epi- 
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Fig. 1.--Photograph (A) and microradiograph (B) of a section of 
lamb's anterior metatarsum. 

1 = Articular cartilage, ~ = Spongiosa of epiphysis, 3 = Epiphyseal 
cartilage plate, 4 = Spongiosa of metaphysis, 5 ~ Compact bone. 

1 g of e ach  f r ac t i on  was a d d e d  w i t h  5 ml  of w a t e r  and,  
w h e n  necessary ,  w i t h  t r aces  of q u a r t z  sand ,  a n d  h o m o -  
genized in a m o r t a r .  T h e  f inal  v o l u m e  of t h e  h o m o g e n a t e  
was a d j u s t e d  to  24 ml.  0-4 m l  of t h e  h o m o g e n a t e  were  in- 
c u b a t e d  w i t h  0.3 m l  0-15 M Na4P207, 0-1 m l  0.005 M 
MgCI 2, 0.5 ml  0.0356 M d i e t h y l b a r b i t u r a t e  buf fe r  of t h e  
des i red  p H .  T h e  f ina l  v o l u m e  was  b r o u g h t  to  1-5 m l  w i t h  
H,O.  T h e  p H  was checked  before  a n d  a f t e r  i n cu b a t i o n .  
Cont ro l s  were m a d e  w i t h o u t  a d d i t i o n  of t h e  e n z y m e  an d  
of t h e  s u b s t r a t e .  

The  samples  were i n c u b a t e d  for  8 m i n  a t  38°C w i t h  
c o n t i n u o u s  s t i r r ing ,  a n d  t h e  r e a c t i o n  was  s t o p p e d  b y  
h e a t i n g  for  3 m i n  a t  100°C or  b y  a d d i t i o n  of 1 m l  15% 
t r i ch lo roace t i c  acid (TCA). Af t e r  cen t r i fug ing ,  inorgan ic  
o r t h o p h o s p h a t e  was  d e t e r m i n e d  on  a n  a l i q u o t  of the  
s u p e r n a t a n t  b y  t h e  m e t h o d  of FISKE a n d  SUBBAROW 2. 

T h e  a c t i v i t y  h a s  b e e n  a s sayed  ove r  all  t h e  p H  r ange  
f rom 3-5 to  10-3. Resu l t s  a re  g iven  in F igu re  2 a n d  3. No 
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Fig. 2 and 3.--Pyrophosphatase activity at different pH of the various 

components of bone. 
Ordinates give [~g orthophosphate (calculated as P) formed in 8 min 
at 38°C from 2.8 mg P added as Na2P40~. The incubation medium 
contained also 16.6 mg tissue (wet weight), 0-1 ml 0.005 M MgClz, 
0-5 mI 0.0356 M diethylbarbiturate buffer of the desired pH. Final 

volume 1.5 ml with H~O. 

physis ,  (5) C o m p a c t  bone ,  (6) B o n e  m a r r o w  of d iaphys i s ,  
(9) Pe r i o s t eum.  F r a c t i o n s  2 a n d  4 were cen t r i fuged  so as 
to  e x t r u d e  t h e  m a r r o w  c o n t a i n e d  b e t w e e n  t h e  t r a b e c u l a e ,  
w h i c h  was  s e p a r a t e l y  e x a m i n e d  as  f rac t ions ,  (7) M a r r o w  
f rom No. 2, a n d  (8) M a r r o w  f rom No. 4. 

a c t i v i t y  was  found  in  t h e  m a r r o w  of e p i p h y s e a l  spongiosa  
a n d  in pe r ios t eum.  

Discussion. P e r i o s t e u m  a n d  t h e  m a r r o w  of ep iphysea l  
spong iosa  do  n o t  show p y r o p h o s p h a t a s e  a c t i v i t y  o v e r  all 
t h e  p H  r ange  tes ted .  All  t h e  o t h e r  f r ac t ions  show two 

I p. CARTIER and J. PIeARD, Bull. Soc. Chim. biol. 37, 1169 (1955). ~ C. N. FISKE and Y. SUBBAROW, J. biol. Chem. 66, 375 (1925). 
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opt ima,  one a t  acid and one a t  alkaline pH. This corre- 
sponds to  w h a t  was found for l iver pyrophosphatases by  
Bo  NORBERG 3. Bo th  op t ima  of art icular cartilage and 
epiphyseal  car t i lage plate  are slightly nearer to neutral i ty 
t han  those  of bone and marrows. The absolute amounts  
of o r thophospha te  produced by the various bone constit- 
uents  are qui te  different.  The lowest act ivi ty  is shown by 
the  ep iphysea l  car t i lage plate,  al though the presence of 
a pyrophospha tase  is clear. This is in agreement with 
PERKIN'S 4 observa t ion  t h a t  in rabbits  the pyrophospha- 
tase ac t iv i ty  in the  epiphyseal  plate is lower than in the 
metaphysis .  We  therefore cannot  confirm the data  of 
CARTIER and PICARD t who found no pyrophosphatase in 
the  ep iphysea l  car t i lage plate.  Moreover, since a consider- 
able a c t i v i t y  in the  newly formed bone of metaphysis has 
also been found by  these authors,  their  negative finding 
in cart i lage,  unless due to the  different age of the animals 
used (sheep embrios  in their  experiments),  is probably to 
be ascr ibed to a lower sensi t ivi ty of the methods they em- 
ployed.  A modera t e  increase of ac t iv i ty  in compact  bone 
and the  two spongiosas was observed when MgC18 was 
omi t t ed  f rom the  incubat ion  medium. This result agrees 
wi th  LIEBKNECHT'S s da t a  on bone phosphatase. 

P. CERLETTI, P. L. IPATA, and G. TANCREDI 

National Research Council Unit /or Enzyme Studies, 
Rome and Institute/or Clinical Orthopaedics, University o/ 
Perugia (Italy), August 4, 1958. 

Riassunto 
Si ~ s tud ia t a  l ' a t t i v i tk  pirofosfatasica, de terminandone 

i! p H  ot t imal% in 9 frazioni scheletriche istologicamente 
uni formi :  car t i lagine art icolare e cartilagine di coniuga- 
zione, osso spongioso epi e metafisario, osso compatto,  
midollo diafisario, midol lo  dell 'osso spongioso epifisario e 
dell 'osso spongioso metafisario,  periostio. 

a Bo NORBERG, Acta chem. scand. 5, 325 (1951). 
H. R. PERKINS, Biochem. J. 57, XV P (1954). 

5 W. L. LIEBKNECHT, Biochem. Z. 303, 96 (1939). 

S e r u m  C h o l e s t e r o l  L e v e l s  in  

G e r m - F r e e  C h i c k e n s  

The ma jo r  products  of cholesterol catabolism are the 
bile acids t. The  role of intest inal  bacteria in the turnover  
of bile acids ~ plus the findings that ,  under certain con- 

M. D. SIPERSTEIN and A. W. MURRAY, J. clin. Invest. 34, 1449 
(1955). 

n. E. GUSTAFSSON, S. BERGSTROM, S. LINDSTEDT, and A. NOR- 
MAN, Proc. Soc. exp. Biol. Med. 94, 467 (1957). 

ditions, sulfa drugs s or antibiotics' may alter serum cho- 
lesterol levels in cholesterol-fed'animals has led us to in- 
vestigate the serum cholesterol levelsof germ-free chickens 
as a base line for subsequent work. 

White Leghorn Chickens were used. They were reared 
by our own modification s of the method of REYNIERS et 
aL e. 18-day old embryonated eggs held in a nylon net 
were immersed for 2 rain in a 0.15% (W/V) detergent so- 
lution 7 and then for 12 rain in a 2% mercuric chloride 
solution at 37°C. From this bath the eggs were transferred 
through a tube without exposure to nonsterile air into a 
previously sterilized germ-free unit. Control eggs from 
the same hatch were t reated in a similar fashion before 
being transferred to an  incubator.  Both  groups of chicks, 
germ-free and conventional ,  were fed an  au toc laved  semi- 
synthetic diet  s. The  germ-free chickens were g iven canned 
sterilized water  0J while the convent ional ly  reared birds 
were given tap  water.  

The steril i ty of the chickens in the germ-free units was 
determined by taking frequent  fecal samples and inocu- 
lating them into var ious bacteriological  m e d i a  according 
to  a s tandard procedure which has been described pre-  
viously i. 

At the terminat ion of the  exper iment ,  the  chickens 
were killed by exsanguinat ion under  e ther  anesthesia  and 
blood samples taken byhea r t  puncture.  Se rawereana lyzed  
for cholesterol by the  method  of Tr inder  t°, 

Two groups of birds aged 6 and 8 weeks respect ive ly  
were studied and the average results (with s tandard  de- 
viations) are tabulated in the Table.  

I t  is evident tha t  while the germ-free chickens showed 
a bet ter  growth rate than  the controls confi rming earl ier  
findings s, there were no significant differences in the  
serum cholesterol levels of the  two groups. These d a t a  

8 0 .  W. PORTUAS, E. V. LAWRV, and D. BRUNO, Proc. Soc. exp. 
Biol. Med. #1, 321 (1956), 

* D. KRITCHEVSKV, W, C. GRANT, M. J. FAHRIgNBACH, B. A. RIC- 
CASDt, and R. F. J. McCAsDLZSS, Arch. Biochem. Biophys. 76, i42 
(195s). 

6 M. FORnKS and J. T. PAtUt, J. Nutrition, in press. 
, j. A. RsYmns, P.C. TUxLzR, R.F. Eavtg, M. WAOSZR, 

T. D. Lvczttv, and H. A. GORDON, Lobund Reports 8, 70 {1949). 
7 PN-700 Conditioner, Service Industries, Phlla., Pa. 
s Diet (per 100 g): Cornstarch, 57.0 g; Casein (purified), 25.0 g; 

Corn oil, 5.0 g; Alphacel, 8.08; Glyclne, 1"5 g; L-Argininc-HCl, 
1.0 g; OL-Methionine, 0.5 g; Choline-HCl, 0.27 g; Thiaminc-HCl, 
0.1 g; Ca Pantothenate, I0.0 rag; Nicotinic acid, 10.0 rag; Riboflavin, 
4'0 mg; Pyridoxine HCI, 2.0 mg; Folic acid, 1.0 rag; Vitamin Bts, 
0.005 rag; Biotin, 0.1 rag; Menadione, 0.8 rag; Vitamin A, 2,600 IU; 
Vitamin Dr, 100 ICU; a-Tocopherol, 5 rag; CaCOt, 2.5 g; KsHP04, 
1.72 g; NatHPO t 1.40 g; NaCl, 0.5 g; MgSO4.7 HtO , 0.45 g; 
MnSO4.HtO , 80 rag; FeSO v 12 rag; CuSO,, 1 mg; CoCOs, i rag; 
ZnSO4.7 HtO, I rag; HI, 0.3 mg. 

s MacDonald-Bernier Co., Boston, Mass. 
to p. Tatr~DztL Analyst 77, 821 (1952). 

Tab/* 

Group 

Six-Week Experiment 
Germ-free 
Conventional 

Eight-Week Experiment 
Germ-free 
Conventional 

No. 

10 
11 

M 
Sex 

F 
Weight (g) 

540 ± 70 
487 ± 33 

807 ± 48 
579 ± 57 

Serum Cholesterol 
Mg % 

I07 ± 25 
120 ± 21 

144 ~ 20 
149 ± 17 

(Range) 

(63-149) 
(86-168) 

(I08-170) 
(135-179) 


