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Cutting of the teeth is d is turbed in mice  homozygous  for the mic roph tha lmia  gene (mi /mi)  
arid o s t eope t ro s i s  develops.  The ef fec t  of hepar in  and of pa ra thyro id  hormone  on cutting of 
the teeth was studied in m i / m i  mice .  Adminis t ra t ion  of hepar in  f rom the 2nd to the 20th 
day in a dose of 5 un i t s /g  body weight was shown to s t imula te  cutting of the teeth in m i / m i  
mice .  Combined admin is t ra t ion  of heparin,  in the same  doses ,  and pa ra thyro id  hormone  
led to eruption of p rac t i ca l l y  the s a m e  number  of teeth as hepar in  alone. This m a y  be be-  
cause  the hepar in  level  is def ic ient  in m i / m i  mice  but sec re t ion  of pa ra thyro id  hormone  is 
undis turbed.  
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The mic ro ph t ha l m i a  muta t ion  in mice  in a homozygous  s tate  (mi /mi )  leads  to the development  of a 
complex pathological  syndrome connected with a defect  of the neural  c r e s t  ma te r i a l .  One component  of 
this syndrome is o s t eope t ro s i s  and d is turbed erupt ion of the teeth [1]. The la t ter  is due both to a defect  of 
the an la rga  of the tooth pulp i t se l f  and a lso  with the p re sence  of unabsorbed  lamel lae  of bone in the jaws 
prevent ing  e m e r g e n c e  of the tooth into the ora l  cavity.  The w r i t e r s  have shown that admin is t ra t ion  of 
pa ra thyro id  hormone  or  hepar in  in va r ious  doses  to m i / m i  mice  p romote s  absorpt ion of the bony lamel lae  
and i n c r e a s e s  the number  of erupt ing teeth [2, 3]. 

I t  was the re fo re  decided to study the effect  of combined adminis t ra t ion  of hepar in  and para thyro id  
hormone  on erupt ion of the teeth in m i / m i  mice .  

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

Mutant mice  for  the mic roph tha lmia  gene were  obtained f rom P r o f e s s o r  Gruneberg  (England) and 
b a c k - c r o s s e d  six t imes  with m i c e  of the inbred line C57BL/Mib .  The homozygotes  die if  kept on an o rd i -  
na ry  diet  soon af ter  r e m o v a l  f rom the mothe r  (on the 25th-30th day). 

Erupt ion of the teeth was studied on the 20th day af ter  bir th  in in tact  mice  (control ,  s e r i e s  I) and in 
an imals  t r ea t ed  with hepar in  and pa ra thy ro id  hormone .  The subs tances  were  injected subcutaneously into 
the back daily f rom the 2nd to the 20th days of postnatal  development  in doses  of: pa ra thyro id  hormone  
0.5 uni t /g  body weight ( s e r i e s  II), hepar in  5 un i t s /g  ( s e r i e s  III). In s e r i e s  IV the mice  were  injected with 
hepar in  and pa ra thy ro id  hormone  in the same  doses  s imul taneously .  In the expe r imen t s  of s e r i e s  V hep-  
ar in  (5 uni ts /g)  was in jected f rom the 15th to the 20th days inclusive.  To prevent  leaking of the solutions,  
the si te of the inject ion was cove red  with collodion. The an imals  were  weighed before each injection. They 

w e r e  ki l led 4-5 h a f t e r  the l a s t  injection. The teeth were  studied in total  p repa ra t ions  of the skull s tained 
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TABLE i. Effect  of Pa ra thy ro id  Hormone and t Iepar in  on Eruption 
of Teeth (in %) in 20-Day m i / m i  Mice WhenAdmin i s t e red  f rom 2nd 
to 20 thDays  Inclusive  

P~epn, and dose 
(units/g) 

Series of 
expts. 

Position 
of tooth 

In jaw 
Control ] In gum 

[Erupted 

Parathyroid In jaw 
In gum hormone 0.5 Erupted 

In jaw 
Heparin 5 In gum 

Erupted 
I 

Parathyroid In jaw 
hormone 0.5+ In gum 
heparin 5 Erupted 

III 

IV 

ilncisol First molar 

95,0 37,5 }0 6? 

30,0 0 
50,0 27,5 
20,0 72,5 

0 
37,5 0 
62,5 100 

5,0 0 
42,5 10,0 
52,5 90,0 

Second 
molar 

10,0 
77,5 
12,5 

0 
10,0 
90,0 

lOO 

1oo 

Third 
molar 

95,0 
50., ~ 

All 
teeth 

59,4 
37,5 
3,1 

75,0 26,3 
15,0 25,6 
10,0 48,1 

2,5 0,7 
27,5 16,2 
70,0 83, I 

10,0 3,8 
20,0 18,1 
70,0 78, I 

L e g e n d .  Ten an imals  used in each s e r i e s  of exper iments .  Signifi- 
cance of d i f fe rences  between number  of teeth erupted,  by Kol-  
m o g o r o v - S m i r n o v  c r i t e r ion :  P I - I I  < 0.01; P I - I I I  < 0.01; P I - IV  < 0.01; 
PH- IH < 0.01; PI I - IV = 0.05; PI I I - IV > 0.05. 

with a l i za r in  red  S by G r e e n ' s  method [4]. Each group consis ted  of 10 an imals .  The signif icance of dif-  
f e rences  was de te rmined  by the K o l m o g o r o v - S m i r n o v  c r i t e r ion .  

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

Eruption of the teeth was cons iderably  d is turbed in the intact  m i / m i  mice .  At  the age of 20 days 
only 3.1% of the teeth had erupted into the ora l  cavi ty  and m o s t  were  st i l l  " i m m u r e d "  in the jaws by the 
unabsorbed bone l amel lae  or ,  as  in the case  of m o s t  of the f i r s t  and second m o l a r s ,  the crowns of the 
teeth had reached  the gum (Table 1). In mice  of no rma l  genotype by this t ime  all the teeth had erupted  e x .  
cept  the th i rd  m o l a r s .  

Injection of para thyro id  hormone  f rom the 2nd to the 20th days inclusive in a dose of 0.5 uni t /g  daily 
l a rge ly  r e s t o r e d  the no rma l  pa t te rn  of eruption of the teeth in the m i / m i  mice :  the number  of teeth erupted  
into the ora l  cavi ty  was inc reased  to 48.1%. N e a r l y  all the second m o l a r s  (90%) had erupted,  with m o s t  of 
the f i r s t  m o l a r s  (72.5%), but the inc i so r s  and the th i rd  m o l a r s  were  sti l l  held up in the gum or were  " i m -  
m u r e d "  by the unabsorbed bony lamel lae  of the jaw. This  dose of pa ra thyro id  hormone  was m o r e  effect ive 
in causing erupt ion of the teeth than a dose  of 0.25 uni t /g  and a lmos t  as  effect ive  as  a dose of 1 unit /g.  

When hepar in  was given in a dose of 5 un i t s /g  f r o m  the Snd to the 20th day 83.1% of the teeth erupted.  
The crowns of all  the f i r s t  and s econd  m o l a r s  were  vis ible  in the oral  cavity,  m o s t  inc i so r s  (62.5%) and 
third m o l a r s  (70%) also  had erupted,  and only a few inc i so r s  (37.5%) and thi rd  m o l a r s  (27.5%) r ema ined  in 
the gum, although the bony lamel lae  blocking the outlet  of the tooth into the o ra l  cavi ty  were  absorbed.  In 
this s e r i e s  of  exper imen t s  the number  of e rupted  inc i so r s  was th ree  t imes  g rea t e r ,  and the number  of 
m o l a r s  seven t imes  g r ea t e r ,  Chan when para thyro id  hormone  was given. 

After  combined injection of the  same  doses  of para thyro id  hormone  and hepar in  78.1% of teeth erupted 
into the ora l  cavity.  All the second and nea r ly  all the f i r s t  m o l a r s  (90%) were  cut. The number  of erupted 
inc i so r s  was 2.5 t imes  g r e a t e r  and the number  of third m o l a r s  seven t imes  g r ea t e r  than when para thyro id  
hormone  alone was given. 

Adminis t ra t ion  of hepar in  for  a shor t  per iod,  f rom the 15th to the 20th day, cons iderably  improved  
eruption of the teeth in m i / m i  mice .  The total number  of teeth erupted was i nc rea sed  by m o r e  than 15 
t imes  compared  with the in tact  an imals  (P< 0.01). The second and f i r s t  m o l a r s  were  m o s t  frequently 
erupted,  whereas  the number  of erupted  inc i so r s  was 2.5 t imes  less  than during the m o r e  prolonged ad-  
min i s t ra t ion  of hepar in .  This shows that  by the 15th day of development  an i r r e v e r s i b l e  dis turbance has 
occur red  in the m i / m i  mice  and eruption of these teeth does not take place in r e sponse  to adminis t ra t ion  
of heparin.  
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Injection of parathyroid hormone or heparin causes absorption of the bony lamellae preventing the 
tooth from erupting into the oral  cavity and it  considerably improves eruption of the teeth in mi /mi  mice 
(P< 0.01). After administration of heparin the number of teeth erupting into the oral cavity was signifi- 
cantly greater  than after administration of parathyroid hormone (P < 0.01). After combined administration 
of heparin and parathyroid hormone the number of erupting teeth was practically the same as when hep- 
arin alone was given (P > 0.05). 

Combined administration of heparin and parathyroid hormone thus did not improve eruption of the 
teeth in mi /mi  mice compared with the action of heparin. This may be because the heparin level in these 
mice is too low but secretion of parathyroid hormone is undisturbed, as is confirmed by the normal s t ruc-  
ture of the parathyroid glands in these mice. However, absorption of the bony lame!lae of the jaw, p re -  
venting eruption of the teeth, is not observed in intact 20-day mi /mi  mice as a resul t  of the action of para-  
thyroid hormone in a dose equivalent to normal, for heparin also participates in this process  [3]. This 
suggests that heparin is essential for manifestation of the effects of parathyroid hormone. 
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