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O n  the Physical Validity of the L A N E - E M D E N  

Equation i n  (y ;  z ) - P l a n e  

LANE-]~MDEN equation of index nx: 

~2 d~ ~ ~ = ' 

m (y;z)-plane, takes the form 

ay (2w w(w 1 )+z~  Y a~- + - 1)y + - = 0 ; (2) 

where equations connecting (y;z)- with (~;0) are 

2 
z = ~ 0 ;  w -  (3) 

dz _ ~,~ + 1 dO 
Y = - d T =  d - T - ~ ;  ~ = e - t .  (4) 

I t  has generally been believed tha t  all parts  of the 
solution-curves which correspond to 0 ~ 0, z ~ 0 have 
astrophysical validity. This gives the impression tha t  
every point on the y-axis is of interest. But, actually, 
only points on the positive y-axis have a relevancy, 

Equat ion (3) shows tha t  z vanishes for either 0 = 0 or 
= 0. In other words, the neighbourhood of z = 0 in 

(y;z)-plane maps two different regions in (~;0)-plane: the 
regions being the neighbourhood of ~ = 0 and tha t  of 

= ~1, where solutions of (1) have their first zero at  ~ = ~l- 
Further  equation (4) clears that  the former region, in 
(~;0)-plane, corresponds to the neighbourhood of the 
origin y = z = 0 and the lat ter  one to the immediate 

neighbourhood of the y-axis. The author has shown 
recently 2 tha t  in a complete polytrope, whatever  be the 
index of the polytrope, the immediate  neighbourhood of 
the origin is an interfaciat region and a t  the origin solutions 
for n = 0 and n = -- I only are relevant.  Hence the point  
y = z = 0 cannot have any relevancy when discusMon of 
solution curves for general values of n is made. When 
z = 0 corresponds to ~ = ~1, equation (4) shows that  y 
remains positive, since dO/dg is negative in every par t  
lying in the configuration. Thus we see tha t  the point  
y = z = 0 and the negative y-axis have no physical 
validity 3 

Zusammen/assung. Es wird bewiesen, dass die L6sungen 
der Emden-Gleichung nur fiir y > 0 eine physikalische 
Bedeutung haben. 
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Infrared Spectrum of Strontium Hydroxyapatite 

The apatites form a group of structurally very closely 
related substances and hydroxyapat i te  Cal0(PO4)6(OH)v 
is well known. Relat ively little is known about  the 
strontium hydroxyapati te ,  Srlo(PO~)~(OH) v The ionic 
radii ( 'crystal '  radii of PAULING, in 2~) of Sr(1.13) and 
Ca(0.99) are very close together 1 and strontium can sub- 
stitute for calcium in the Cal0(PO4)~(OH)z lattice. The 
X-ray powder diffraction pat terns confirm the isomor- 
phous substitution of strontium for calcium ; the resulting 
strontium hydroxyapat i te  crystallizes in hexagonal lat- 
tice. Measurements of the unit cell dimensions of strontium 
hydroxyapat i te  are given in Table I and axe compared 
With those of hydroxyapati te .  

The sample of this investigation was prepared according 
to the method described by CHRISTENSE~L The X-ray 
powder diffraction pat tern resembled tha t  reported by 
COLLm 6. AS far as we know, this is the first IR-spectro- 
scopic study on stront ium hydroxyapati te .  

The IR-spectrmn was recorded on Beckman IR-I2.  
The instrument  parameters on the chart  legend were: 
diluent, sample CsI, reference air; concentration, 1.0 mg; 
phase, solid; gain, 3.0%; ordinate scale, % T; SB/DB 
energy ratio, 1; speed, 8O cm-1/min. 

Under the conditions used, the spectrum resolution was 
approximately 2-3 cm -x throughout  most of the region. 
The sample was prepared as a cesium iodide pellet using 
the following procedure. A small amount  of the sample 
was hand ground in an agate mortar  and pestle. 1.0 mg 
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of the  p o w d e r e d  sample  was  t r ans fe r r ed  to  a small  poly-  
s ty rene  vial  con ta in ing  a p p r o x i m a t e l y  300 mg  of H a r s h a w  
I R  qua l i ty  ces ium iodide powde r  (100-200 mesh) and  3 
steel  balls. The m i x t u r e  was  shaken  for 1 rain on  a 
Wig-L-Bug .  The  m i x t u r e  was  t r ans fe r r ed  to  a 5 • 25 m m  
rec t angu la r  pe l le t  die a n d  was  pressed  3 t imes  for 5 
m i n  us ing a 15,000 lb load.  Mul t ip le  press ing  was  used to  
minimize ,  as m u c h  as possible,  t he  sca t t e r ing  of shor t  
w a v e - l e n g t h  r ad i a t ion  which  is qu i t e  typ ica l  of pel lets  
p r e p a r e d  f rom cesium iodide, The  s p e c t r u m  ob t a ined  was  
of h igh  q u a l i t y  w i t h  l i t t le  ind ica t ion  of sca t te r ing .  Severa l  
fa i r ly  in tense  b a n d s  were  obse rved  in t h e  e x t e n d e d  wave -  
l eng th  region. The  f requencies  and  a s s ignmen t  for 
a b s o r p t i o n  bands  are  given in Table  I I ,  

T h e  h y d r o x y l  ion is l inear and  has  3 N -  5, whe re  N 
is 2, no rma l  modes ,  i.e. one no rma l  mode.  This  corre-  
sponds  to  the  s t r e t ch ing  of t he  O - H  b o n d  wi th  f r equency  
near  3600 c m - L  The O . . . O  d i s tance  be tween  the  O H -  
ion and  the  neare r  of t he  p h o s p h a t e  oxygens  is 3.068 /k 

Table I. Unit cell dimensions of strontium hydroxyapatite 

SamNe a-axis, A c-axis, h c/a Reference 

Ca,o(PO¢)o(OH) ~ 9.43 6.88 0.730 
Sr~0{PO~)~(OH) , 9.74 7.20 0.739 

9.76 7.27 0.745 4 
9.76 7.27 0.746 
9.76 7.28 0.746 

and  i t  has  been  shown  8 t h a t  an empir ical  re la t ionsh ip  
exis ts  b e t w e e n  O - H . . . O  b o n d  l eng th  and  ~s OH, f rom 
which,  for 3.068 ~ ,  a va lue  of 3578 cm -1 was  p red ic t ed  
for  t he  s t r e t ch ing  f requency .  The  O H -  ions in h y d r o x y -  
apa t i t e  ~ give rise to  a single sha rp  absorp t ion  b a n d  whose  
f r equency  3578 cm -1 is t h e  s ame  as p red ic t ed  by  N~KA- 
~OTO e t  a12. In  t he  case  of s t r o n t i u m  h y d r o x y a p a t i t e ,  
t he  free O - H  s t r e t ch ing  m o d e  appea r s  a t  3590 cm -~. 

H y d r o x y a p a t i t e  has  a n o t h e r  peak  a t  635 cm -~ w h i c h  
has  r ecen t ly  been  ass igned to  t h e  l ibra t ionM m o d e  of 
t h e  h y d r o x y l  group  in h y d r o x y a p a t i t e .  I t  is found  to  
arise f rom p r o t o n  mot ion  due  to  t he  shi f t  b y  a b o u t  ~/_~g 
upon  deu te ra t ion ,  f rom 635 c m  -~ to  450 cm -1. The  
l ibra t ional  mo t i o n  is basical ly an  osci l la tory or h i n d e r ed  
ro ta t iona l  mo t ion  of the  p r o t o n s  a0 A second a s s ignmen t  
for 635 cm -~ abso rp t i on  was  recen t ly  based ~ on a Fermi  
resonance  effect  b e t w e e n  a c o m b i n a t i o n  of the  2 com-  
p o n e n t s  of v,, 350 + 270 = 620 cm -~, coinciding wi th  a 
b a n d  of t he  pa r t i a l ly  spl i t  v~ a t  a b o u t  620 c m - L  This  
would  resul t  in 1 b a n d  a t  603 cm -~ and  1 b a n d  a t  633 
cm -~ in h y d r o x y a p a t i t e .  

The  ideal  s y m m e t r y  of t he  t r ibas ic  o r t h o p h o s p h a t e  ion 
in the  free or u n d i s t o r t e d  s t a t e  is t e t r ahedra l ,  i.e. i t  is a 
m e m b e r  of the  Ta p o i n t  group.  The f requencies  and  
no rma l  modes  are given in Table  I I I .  

The  lowering of the  s y m m e t r y  of t h e  p h o s p h a t e  ion in  
s t r o n t i u m  h y d r o x y a p a t i t e  causes  t he  no rma l  m o d e  ~, a t  
363 cm -1 to  become IR-ac t ive .  The s y m m e t r i c  s t r e t ch ing  
f r equency  v, a t  980 cm -~ also becomes  I R - a c t i v e  arid 
appear s  a t  946 cm -~ in s t r o n t i u m  h y d r o x y a p a t i t e .  The  
t r ip le  degenerac ies  of ~ a n d  ~, are  lost  a n d  t h e  p h o s p h a t e  
abso rbance  b a n d s  are  obse rved  near  1075-1015 cm -~ a n d  
595-560 cm -~ region.  

The enlargement of the unit cell dimensions of strontium hydroxy- 
apatite may result from the larger ionic radius of strontium. 

Table III. The normal modes of the orthophosphate ion ~= 

Normal mode Frequency I R-activity 
em-/t 

Table II. IR-frequeneies of strontium hydroxyapatite 

Frequency cm -~ Assignment 

235 s 1 ~2P0~ / 330 vs 
432 w ~ ~ V~, 1030-- 595 = 435 
458 w V.~-- ~4, 1030-- 572 = 458 
545 sho ? 
560 vs I 
572 sho ( ~4PO~ 
595 vs 
652 vw ~LOH ? 
672 vw ? 
700 w adsorbed CO~ ? 
878 w adsorbed CO 3 ? 
946 vs, sha vlPO4 

1015 vs } 
1030 vs rsPO4 
1075 vs 

1410 iw  1 1435 adsorbed CO a 
1452 
1495 
1630 br, w OH 
1968 w ~s + va, 1030 + 946 = 1976 
2868 vw ? 
3460 br OH 
3590 w, sha ~sOH 

s, strong; vs, very strong; w, weak; sho, shoulder; vw, very weak; 
sha, sharp; br, broad; VL, librational; vs, stretching. 

The symmetric P-O stretch v 1 980 inactive 
The symmetric P-O bending v 2 363 inactive 
doubly degenerate 
The antisymmetric P-O stretch ~'a 1082 active 
triply degenerate 
The antisymmetric P-O bending v4 515 active 
triply degenerate 
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Two bands  be tween  460 and 430 cm -~ appear  consi- 
s tent ly  in s t ron t ium hydroxyapa t i t e .  These  bands  are  no t  
as intense as t he  o ther  2 members  of v4. The  numer ica l  
va lue  of their  f requency,  however ,  is close in m a g n i t u d e  
to the  difference be tween  v8 and v,, suggest ing t h e m  to 
be difference tones ~,~s 

Zusammen/assung. Es  wird fiber eine Methode  be- 
richter,  die es er laubt ,  Apa t ide  zu unterscheiden,  in denen  
anstelle des Calciums S t ron t ium e inge t re ten  ist. 

V .  IV[. ]~HATNAGAIt 14,16 

Fisk University, Nashville (Tennessee, USA), 
29th March 7967. 
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Isolation and Structure of Caerulein, an Active 
Decapeptide from the Skin of Hyla caerulea 1 

Methanol  ex t rac t s  of the  skin of some Sou th -Amer i can  
and Aus t ra l ian  amphib ians  con ta in  a polypept ide ,  or  
closely re la ted  polypept ides ,  which  displays a p o t e n t  and 
re la t ively  long-las t ing hypo tens ive  act ion in the  dog, 
po ten t ly  s t imula tes  some ex t r avascu l a r  smoo th  muscles 
and possesses a r emarkab le  ac t ion  on several  ex te rna l  
Secretions of the  d iges t ive  tractS, s. 

The  polypept ide ,  cal led caerulein,  has been  ob ta ined  
for the  first  t i m e  in a pure  form f rom me thano l  ex t rac t s  
of the  skin of Hyla caerulea, an Aus t ra l ian  amphib ian .  

I n  this  commun ica t i on  the  procedures  used for the  
isolation of caerulein and the  e lucidat ion of its s t ruc tu re  
are brief ly repor ted .  

Isolation procedure. Crude m e t h a n o l  ex t rac t s  of t h e  d ry  
skin of H. caerulea were submi t t ed  to  a shor t  counter -  
Current d i s t r ibu t ion  be tween  pe t ro leum ether  and aqueous  
80% e thanol  and then  to a single d is t r ibut ion  in a sepa- 
ra tory  funnel  be tween  50 ml  each of the  aqueous  and 
SOlvent phases of the  sys tem:  chloroform ml  62, me thano l  
ml 35, and acet ic  acid 0,5M ml 40. The  ac t ive  mate r ia l  
was collected in the  aqueous  phases freed of the  fa t  soluble 
con taminan t s  and of a large par t  of the  pigments .  

Fu r the r  pur i f ica t ion  of t he  defa t ted  mate r ia l  was ob- 
ta ined wi th  a coun te r -cur ren t  d i s t r ibu t ion  of 80 t ransfers  
using the  so lvent  sys tem n butanol -ace t ic  ac id-e thanol-  
water  (800: 160: 160: 1280) in which caerulein showed a 
dis t r ibut ion coeff icient  of abou t  1.6. This  s tep was re- 
peated twice. 

The  par t i a l ly  purif ied mate r ia l  was then  adsorbed on a 
Small co lumn of D E A E  Sephadex  in t he  O H -  fo rm and 
eluted wi th  a m m o n i u m  ca rbona te  solutions of concen-  
t ra t ions  increasing f rom 0.05 M to  1 M.  Caerulein emerged  
With the  h igher  concen t ra t ion  of ca rbona te  while t he  
bu lk  of con t aminan t s  emerged  wi th  t he  first  f ract ions of 
the  effluent.  

The  appropr ia te  samples  were  f inal ly  passed th rough  a 
Small column of Amber l i t e  CG-50 in the  H + form and 
eluted wi th  water .  Caerulein emerged unre ta rded  in the  
first f ract ions while the  a m m o n i u m  ion and the  small  
amounts  of less acidic con taminan t s  still p resen t  were  
re ta ined on the  resin. The  ac t ive  fract ions were pooled 
and freeze-dried. 

Caerulein purif ied wi th  t he  above  procedures  was homo-  
geneous on paper  electrophoresis  and c h r o m a t o g r a p h y  

giv ing a single biological ly  ac t ive  pep t ide  spot  which was 
nega t ive  to n inhydr in  and posi t ive  to the  Ehr l i ch  r eagen t  
for t ryp tophan ,  to the  ~-nitrose-f l-naphthol  reagen t  for 
tyros ine  and to  the  jodop la t ina te  reagen t  for su lphur  
amino  acids. 

On  ascending th in- layer  c h r o m a t o g r a p h y  on silica gel 
caerulein had  an R f  of 0.2 wi th  the  so lvent  sys tem 
butanol -ace t ic  ac id -wa te r  (4 :1 :1)  and of  0.7 wi th  80% 
aqueous  e thanol .  On  h igh-vo l tage  electrophoresis  t he  
caerule in  spot  migra ted  toward  the  anode  a t  neut ra l  and 
acidic pHs,  i ts posi t ion being 0.43 re la t ive  to  g lu tamic  
acid a t  p H  5.8 and  0.53 re la t ive  to  cysteic  acid a t  p H  1.9. 

Structure. The  resul ts  of the  expe r imen t s  summar ized  
below were  consis tent  w i th  the  fol lowing s t ruc tu re  for 
caerulein:  

Pyr-Gln-Asp-Tyr(SO3H )-Thr-Gly-Trp-Met-Asp-Phe-NH, 

On to t a l  acid hydrolys is  pure  p repara t ions  gave  2 
moles each of g lu tamic  acid and aspar t ic  acid and 1 mole  
each of tyrosine,  threonine,  glycine, meth ion ine  and 
phenyla lanine .  T r y p t o p h a n  was recovered  in a low yield. 
On alkal ine hydrolys is  w i th  N Ba(OH)2 t r y p t o p h a n  was 
ob ta ined  in a 1:1 ra t io  wi th  respect  to the  o ther  neut ra l  
amino  acids and tyros ine  was found in the  form of a 
tyros ine  O-sulphate  ester. 

The  sequence of caerulein was deduced  by  the  analysis  
of the  f ragments  ob ta ined  upon digest ion wi th  the  en- 
zymes chymot ryps in  and subtil isin which spli t  the  mole-  
cule as shown below:  

SO3H 

Pyr-Gln-Asp-Tyr-Thr-Gly-Trp-Met -Asp-Phe-NH~ 
{ - -  Chym-1 I{ Chyrn-2 ] 
I Sub-1 t I-- Sub-2  --I 

Chymot ryps in  hydro lysed  rap id ly  a single bond  a t  the  
carboxyl ic  side of t r yp tophan ,  sp l i t t ing  the  molecule  in to  
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