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cells bod ies  deve lop  a n d  in t ense  yel low f luorescence  w i t h  
s imi l a r  b u t  less p r o n o u n c e d  f luorescence l ab i l i t y  !F igure  2). 
E x a m i n a t i o n  of t h e  co r r e spond ing  reg ions  in t h e  m e d u l l a  
of r a t s  t r e a t e d  w i t h  Ro 4-4602 a n d  L - D O P A  revea l s  a 
genera l  m i ld  increased  f luorescence  in t he  neuropi l ,  how-  
ever,  t h e  n e u r o n  cell bod ies  of t h e  nuc leus  r a p h e / p a l l i d u s  
a n d  those  in t h e  v e n t r a l  a r c u a t e  nuc leus  e x h i b i t  a d i s t i n c t  
g reen  f luorescence w i t h  mi ld  f luorescence  l ab i l i t y  
(Figure  3). R a t s  a d m i n i s t e r e d  L-DOPA or Ro  4-4602 
a lone  do no t  revea l  s ign i f i can t  o b s e r v a b l e  d i f ferences  
f rom the  con t ro l  g roup  u p o n  e x a m i n a t i o n  of t he  s ame  
b r a i n  regions.  C o m p a r a b l e  resu l t s  were  seen in al l  of 
t h e  e x p e r i m e n t a l  an imals .  

Discussion. The  p r e s e n t  h i s t o c h e m i c a l  s tud ies  show 
t h a t  t he  a d m i n i s t r a t i o n  of a p e r i p h e r a l  d e c a r b o x y l a s e  
i n h i b i t o r  in dosages  w h i c h  e x h i b i t  m i n i m a l  c e n t r a l  
ne rvous  s y s t e m  a c t i v i t y  x,3 fol lowed b y  large dosages  of 
L-DOPA resu l t s  in  a c h a n g e  in t he  f luorescence  cha rac -  
te r i s t ics  of some cell  bod ies  in  t he  b r a i n  s tem.  T h e  
c h a n g e  in t h e  f luorescence  cha r ac t e r i s t i c s  f r o m  yel low,  
U V  labi le  to  green  U V  s t a b l e  i nd i ca t e s  t h a t  t h e s e  n e r v e  
cell bodies  w h i c h  n o r m a l l y  c o n t a i n  5 H T  can  c o n t a i n  
a c a t e c h o l a m i n e  u n d e r  t h e  a b o v e  e x p e r i m e n t a l  condi -  
t ions .  These  o b s e r v a t i o n s  are  c o m p a t i b l e  w i t h  t h e  sug- 
ges t ion  b y  BARTHOLINI e t  al. 3 t h a t  d i s p l a c e m e n t  of 
endogenous  5 H T  m a y  occur  as a r e su l t  of ce reb ra l  accu-  
m u l a t i o n  of ca t echo lamines .  T h e  o b s e r v a t i o n s  b y  BAR- 
THOLINI e t  al. a of inc reased  5 - h y d r o x y i n d o l e a c e t i c  ac id  
(5-HIAA),  a m e t a b o l i t e  of 5 HT,  in  b r a i n  d u r i n g  a 
90 m i n  per iod  fo l lowing t h e  a d m i n i s t r a t i o n  of Ro  4-4602 
a n d  L-DOPA f u r t h e r  s t r e n g t h e n  t h i s  poss ib i l i ty .  EVERETT 
a n d  BORSCHERDENG 6 con f i rmed  th i s  b y  showing  a two-  
fold increase  of 5 - H I A A  levels  in mouse  b r a i n  1 h fol- 
lowing t h e  a d m i n i s t r a t i o n  of L -DOPA alone.  R e c e n t  in  
v i t r o  o b s e r v a t i o n s  b y  NG et  al. s s t r ong ly  s u p p o r t  t h e  
d i s p l a c e m e n t  hypo thes i s .  

The  p r e s e n t  s t u d y  ind ica t e s  t h a t  se ro tonerg ic  n e r v e  
cell  bod ie s  h a v e  t h e  c a p a c i t y  u n d e r  c e r t a i n  cond i t ions  
to  t a k e  u p  a n d  c o n c e n t r a t e  exogenous  ca t echo lamines .  
T h a t  t h e  n e r v e  t e r m i n a l s  a r i s ing  f rom sero tonerg ic  neu-  
rons  h a v e  t h e  s a m e  u p t a k e  c a p a c i t y  for  c a t e c h o l a m i n e s  
a n d  t h e i r  p recu r so r s  ha s  no t  b e e n  d e m o n s t r a t e d ,  how-  
ever,  t h i s  poss ib i l i ty  seems  qu i t e  l ike ly  on  t he  bas i s  of 
t h e  o b s e r v a t i o n s  of BARTHOLINI e t  al. 8 a n d  NG et  al. s 
a n d  h a s  b e e n  sugges ted  b y  BUTCheR e t  al. 7. A l t h o u g h  
t h e  a c c u m u l a t e d  ev idence  s u p p o r t s  d i s p l a c e m e n t  as t he  

m e c h a n i s m  for  dep le t ion  of ce rebra l  5 H T  fol lowing 
L-DOP.A_ a d m i n i s t r a t i o n ,  t h e  poss ib i l i ty  of b l o o d - b r a i n  
t r a n s p o r t  c o m p e t i t i o n  of L-DOPA w i t h  5 H T  precursors  
m a y  also be  respons ib le ,  in  pa r t ,  for  some of t he  bio- 
chemica l  obse rva t ions .  

T h e  i m p l i c a t i o n  of t he se  o b s e r v a t i o n s  is t h a t  t h e y  
m a y  fo rm a bas i s  to  u n d e r s t a n d  some of t he  cl inical  
p h e n o m e n a  obse rved  in p a t i e n t s  w i t h  P a r l d n s o n ' s  dis- 
ease to  w h o m  mass ive  doses of L -DOPA are  c o n t i n u o u s l y  
admin i s t e r ed .  P a t i e n t s  w i t h  t h i s  d isease  c o m m o n l y  
expe r i ence  t h e  onse t  of c h o r e o - a t h e t o i d  a c t i v i t y  d u r i n g  
t r e a t m e n t  w i t h  L-DOPAXL These  s y m p t o m s  are  r e l a t ed  
b o t h  to  d u r a t i o n  of t r e a t m e n t  a n d  t o t a l  da i ly  dosage of 
L-DOPA.  Since t h e  m a j o r  b iochemica l  def ic i t  in  t h i s  
d isease  is dep le t ion  of b r a i n  m o n o a m i n e s  (bo th  d o p a m i n e  
a n d  serotonin)~",  ~", t he  su scep t ib i l i t y  for  e i t h e r  s e ro ton in  
d i s p l a c e m e n t  or  o c c u p a n c y  of s e ro ton in  b i n d i n g  s i tes  
b y  L-DOPA m a y  be  qu i t e  p r o n o u n c e d  a n d  a l low L-DOPA 
( d e c a r b o x y l a t e d  to  d o p a m i n e )  to  ac t  as a false t r a n s m i t t e r  
in  such  c i r cums tances .  

Zusammen/assung. Die h i s t o c h e m i s c h e  F luoreszenz-  
m e t h o d e  wi rd  z u m  S t u d i u m  der  N e r v e n z e l l e n  des Geh i rn -  
s t a m m e s  de r  R a t t e  a n g e w a n d t .  Die  e rheb l i che  Z u n a h m e  
des  D o p a m i n s ,  h e r v o r g e r u f e n  d u r c h  die I n j e k t i o n  eines 
p e r i p h e r  w i r k e n d e n  D e k a r b o x y l a s e - H e m m s t o f f e s  zusam-  
m e n  m i t  L-DOPA,  wi rd  i m  G e h i r n  ve r fo lg t  u n d  gefunden ,  
dass  se ro tonerg i sche  N e u r o n e n  i m s t a n d e  sind,  Ca techola -  
m i n e  a u f z u n e h m e n .  
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Effect of Po lya lky l  P o l y p h o s p h o n a t e s  on Bone  D e v e l o p m e n t  in Y o u n g  Rats  

P h o s p h a t e  ions  a re  one  of t h e  m a i n  c o n s t i t u e n t s  of 
t h e  m i n e r a l  of b o n e  t issue.  These  ions a re  n o t  on ly  
i n c o r p o r a t e d  i n to  bone ,  b u t  also c h e m i s o r b e d  b y  it, as 
d e m o n s t r a t e d  b y  pa2 t r a c e r  e x p e r i m e n t s  (BAUER e t  al.1). 
A molecule  ca r ry ing  t w o  P O ~ -  g roups  (e.g., a py ro -  

O O 
p h o s p h a t e  ion, [ H O P O P O H ]  *-) wil l  show a h i g h e r  affi-  

O O 
n i t y  for  bone  m i n e r a l  s ince i t  is a b i d e n t a t e  c o m p l e x i n g  
agent ,  c a p a b l e  of be ing  a t t a c h e d  to  c a l c i um  ions  t h r o u g h  
2 oxygen  a t o m s  3. The  a b s o r p t i o n  of p y r o p h o s p h a t e  o n t o  
h y d r o x y a p a t i t e ,  t h e  m i n e r a l  f o rm  of ca l c ium p h o s p h a t e  
in  bone,  i nh ib i t s  i t s  c r y s t a l  g r o w t h  a n d  d i s so lu t ion  2,3. 
S imi la r  resu l t s  h a v e  b e e n  obse rved  w i t h  o r g a n i c d i p h o s -  
phona t e s ,  R1R2C(POsH)~- (R = H,  OH,  or  a lky l  group) ,  
b o t h  in  v ivo  a n d  i n  v i t ro4 ,L  T h e  l a t t e r  f ind ings  r e c e n t l y  
encouraged  a cl inical  a p p l i c a t i o n  of e t h a n e - l - h y d r o x y  

1 , 1 - d i p h o s p h o n a t e  in  t h e  t r e a t m e n t  of myos i t i s  ossi- 
f icans  e. 

P o l y m e r i c  a lky l  p h o s p h o n a t e s ,  e.g., p o l y e t h y l e n e  poly-  
p h o s p h o n a t e ,  w h i c h  ca r ry  m a n y  p h 6 s p h o n a t e  g roups  on  
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an alkyl backbone have been shown to adsorb onto 
enamel and dentin of teeth in vitro ~, 8. Using P3Mabeled 
polyethylene polyphosphonate, it was shown that  these 
compounds are taken up by bone similarly to phosphate 
ions ~. Further,  it has been shown that  the uptake of 
both calcium and phosphate ions by bone is inhibited in 
polyethylene polyphosphonate treated rats x°. I t  was of 
interest therefore to investigate whether the effect of 
polyethylene phosphonate on bone metabolism results 
in inhibition of bone growth to an extent  demonstrable 
by histologicaI examination. I t  was also of interest to 
explore to what  extent  are polyalkyl polyphosphonates 
toxic to mammals;  in other words, do they have physio- 
logical effects other than on the bone system. 

3irateriats and methods. Two polyalkyl polyphosphonates 
have been synthesized from polyethylene by phosphona- 
tion with phosphorus trichloride in the presence of 
oxygen according to SCHROEDER and SAPCHAK n. The 
polymers prepared were: PP - I :  Mol wt. 7000, 13% P, 
i.e., a phosphonate group on every 5th carbon, 46 phos- 
phonate groups per molecule (average values) ; and PP-2 : 
Mol wt. 2000, 18% P, i.e., a phosphonate group on every 
4th carbon, 15 phosphonate groups per molecule. These 
polyalkyl polyphosphonates were dissolved in neutral 
normal saline solutions adjusted to pH 7.1-7.3. The 
solutions administered to rats were: 1.7mg/ml,  i.e., 
1.1 × 10-2N (based on HPO~- equivalents), 3.3 × IO-~N, 
and 1.0×10~XN PP-1; 1.5mg/ml,  i.e., 1 .1×10-*N,  
3.3 × 10-2N, and 1 × 10-XN PP-2. Rats (Sprague Dawley), 
4 weeks old, average weight 100 ± 5 g, were injected i.p. 
with daily doses of 1 ml of these solutions (6 experi- 
mental groups) for periods up to 50 days. Two other 
groups were injected daily with the highest doses of 
PP-1 and PP-2, followed 2 h later by 20 microequivalents 
of Ca++. The control groups included rats treated with 
daily injections of saline, with phosphate or calcium, 
15 and 20 microequivalents, respectively, or with EDTA 
(1.7 microequivalents). Each of the experimental groups 
consisted of 5 rats. The rats were fed standard Purina rat  
food and water ad libitum. At predetermined intervals 
(12, 20, 30, 40, and 50 days following the beginning of 
treatment),  rats were sacrificed, blood was taken for 
analysis of sodium, potassium, calcium, inorganic phos- 
phate, glucose, uric acid, serum glutamic oxalacetic 
transaminase, cholesterol, albumin, total  protein, alkaline 
phosphatase, lactic dehydrogenase and bilirubin. The 
following organs were taken for histological examination : 
liver, kidney, lung, small intestine, femur, incisor tooth 
and vertebra. Representative sections were fixed in 10% 
formalin and stained with hematoxylin and eosin. Sec- 
tions of the bones were stained with hematoxylin and 
eosin. The weight of the animals was monitored and the 
calcium content  of bone (femur) was determined in the 
later periods of the experiment. 

Results. The rats of all groups, starting with an average 
weight of 100 :I: 5 g gained weight until  the 4th period 
when their weight leveled off at  269 4-10 g for rats of 
all groups except for the group administered the highest 
dose of PP-2. The rats of this group gained weight slower 
beginning at  the second period and leveled off at  225 4- 5 g. 

When the wet weight of the whole femur a f te r  50 days 
of t rea tment  was compared with the weight of the whole 
rat, i t  was found that  the femur/whole body ratios of the 
groups receiving EDTA as well as the highest doses of 
PP-1 and PP-2 were smaller than the corresponding 
ratios of the other groups. These ratios were 0.134, 0.129, 
and 0.137 × 10 -3, respectively, compared with an average 
of 1.594-0.16 × 10 -3 found in the other groups. However, 
only the E D T A  treated rats showed a significantly lower 
calcium content in femur bone (total Ca in bone/weight 

of bone ---- 16.9% in the E D T A  treated rats con:pared 
with an average of 20.8 ± 1.2% for all other groups). 

No significant change could be detected in any of the 
parameters of blood chemistry investigated throughout 
the whole experiment. None of the viscera including 
lung, kidney, intestine, and liver showed any gross or 
microscopic pathological changes in any group at any 
t ime during the experiment.  Thus, none of the injected 
substances caused visceral damage or metastatic calcifi- 
cation. 

Examinat ion of the bone sections showed significant 
deviations from normal bone growth in all the poly- 
phosphonate treated animals. These bones which were 
less calcified showed excessive osteoid tissue. Sections 
of femur, vertebra, and tooth from rats injected with 
saline demonstrated normal calcification and bone growth; 
osteoid tissue and cartilage were unremarkable. Sections 
of bones and cartilage from the animals receiving only 
phosphate and calcium were similar to those of the con- 
trois. Rats treated with EDTA showed less bone calcifica- 
tion beginning at the third period. 

These changes were different from those observed in 
the groups receiving polyphosphonates. In these groups 
inhibition of bone formation was observed in all bones 
and cartilage. This effect was more conspicuous at the 
higher doses and at longer exposures to the polyalkyl 
polyphosphonates. These effects were not negated by 
combining the compounds with equivalent amounts 
of Ca ++ . 

Discussion. There is little doubt tha t  alkylpolyphos- 
phonates affect bone metabolism as has been demon- 
strated in this s tudy by the gross development  and 
histologic examination of bone. Although these com- 
pounds show no visceral toxic effect even at  relatively 
high doses and prolonged treatment,  they undoubtedly 
inhibit  bone formation in the young animals. This 
inhibition of bone growth is not directly related to 
lowering of Ca level in the plasma, as much lower doses 
of E D T A  were shown to have far more adverse effects 
on bone development. Furthermore, the effect of poly- 
alkyl potyphosphonates was not negated by the simulta- 
neous administration of twice equivalent amount  of 
Ca++ ions x2. 

Zusammenfassung. Es wird gezeigt, dass Knochen- 
entwicklung junger Rat ten  durch Behandlung mit  Poly- 
ethylen-Polyphosphonat ohne toxische Wirkung verhin- 
dert wird. Die Polyphosphonate wirken direkt auf den 
Knochen und k6nnen eventuell verschiedene klinische 
Anwendungen finden. 

M. ANBAR, C. FELDMAN and P. WOLF 

Stan/ord Research. institute, 
Menlo Park (Calilornia 9d025, USA), and 
Stanford. University Medical Center, 
StanJord (Cali]ornia 9d305, USA), 76 November 1970. 

7 t~. ANBAR and G. A. ST. Jowls, J. Dental Rcs., subnfitted. 
s M. ANBAR, D. B. MILLER and E. P. FARLEY, NIH Project No. 

69-2223, 1st Annual Report, September 1970. 
9 M. ANBAR, C. FELDMAN and P. WOLF, to be published. 

10 M. ANBAR, C. FELDMAN, S, LINDLEY and P. WOLF, to be published. 
11 j .  p. SCHROEDER and W. P. SAPClIAK, J. Polymer Sei. d7, 417 

(1960). 
:3 Supported by Public Health Grant No. GM 17367-01. 


