
668 Specialia EXPERIENTIA XXII/10 

Thin Layer Chromatography and Rf Values of 
Amino Acid-Copper Complexes in Phenol/Water 

Preparation o/ complexes. 2 volumes of amino acid 
solut ion in 10% iso-propanol  (Shandon  Scientific Com- 
pany ,  London)  were mixed  wi th  1 volume of cupric Chloride 
solution, b o t h  a t  0.01 M. The resul t ing solut ion was kep t  
a t  room t e m p e r a t u r e  unt i l  required.  

Thin layer chromatography. This was pe r fo rmed  w i t h  
ba tches  of 12 glass plates,  each 20 x 20 cm and  coated  wi th  
Kieselgel G (Merck) to a th ickness  of 500 /~, held in a 
stainless steel  f rame.  Samples  (copper complex  or free 
amino acid) were appl ied in volumes  of 10 or 15 /,1, 10 
spots  to each plate,  and c h r o m a t o g r a p h y  was pe r fo rmed  
24 h later.  The so lvent  was 3:1 (w/w) p h e n o l : w a t e r .  
Af te r  a run  of up to  4 h, the  pla tes  were placed in a 
110 ~ oven  to r emove  solvent .  

Free  amino  acids were de tec ted  wi th  0.2% n inhydr in  
in acetone.  This reagen t  reac ted  also wi th  amino acids 
che la ted  wi th  copper.  No a t t e m p t  has  been  made  to  
describe the  colours ob ta ined  wi th  the  la t ter ,  since i t  is 
imposs ible  to  describe adequa te ly  the  various shades  of 
pinks,  purples,  b rowns  and  yellows, and the i r  subt le  and  
occasional ly  f u n d a m e n t a l  changes.  I t  was also found im- 
p o r t a n t  to  view the  pla tes  a lways f rom the  f ron t  as t he  
colours given by  some amino acids appeared  quite  dif- 
fe rent  when  seen f rom the  reverse  side of the  plate.  

Dupl ica te  p la tes  were sprayed  wi th  a 0. i % solut ion of 
d i e thy ld i th ioca rbama te  in 50% e thanol  to  de tec t  copper.  
The me ta l  gave a b rown colour wi th  th is  reagent  even  
when  chela ted  by  an amino  acid. There was no need for 
p re l iminary  spray ing  wi th  di lute  mineral  acid to release 
free cupric ions. None  of the  un-complexed  amino acids 
gave any  a p p a r e n t  reac t ion  wi th  the  copper  stain.  

Results and discussion. All free amino acids gave single 
discrete  spots  excep t  for the  basic ones which  t ended  to 
' s t reak ' .  The  copper  complexes  also gave single discrete  
spots  when  s ta ined wi th  e i ther  n inhydr in  or for copper.  

The complex  had  in every  case a d i f ferent  Rf  f rom its  
pa r en t  amino  acid, and the  complex  when  s ta ined  wi th  
the  copper  reagent  gave the  same Rf  as when  i t  was 
s ta ined wi th  n inhydr in .  W i t h  the  except ion  of the  lysine- 
copper  complex,  al ! complexes  migra ted  at  a fas ter  speed 
t h a n  the i r  pa r en t  amino acids. 

Rf of amino acids and their copper complexes in phenol/water 

Amino Rf of Rf of copper complex 
acid amino 

acid Stained Stained 
with with 
ninhydrin ' copper' 

reagent 

Ala 27 43 43 
Arg 18 28 28 
Asp 4 6 6 
Glu 6 36 36 
Gly 23 34 34 
His 32 45 44 
HO-pro 39 43 43 
Ileu 51 84 83 
Leu 51 80 81 
Lys 11 5 5 
Met 51 78 79 
Phe 65 86 87 
Pro 53 56 56 
Set 19 24 24 
Thr 24 38 38 
Try 68 85 83 
Tyr 51 71 72 
Val 40 51 51 

Rdsumd. On a d6termin6 les Rf  de 18 acides amin6s et  
de leurs complexes  de cuivre darts un syst6me silica- 
ph6nol-eau.  Dans  ce milieu, les complexes  ne sont  pas  
dissoci6s et  chaque  acide amin6 poss6de un Rf  diff6rent  
du Rf  de son complexe  de cuivre. 
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The Effect of Treatment with Parasympatho-  
lytics on the Weight of the Submaxil lary Gland 

of Rats 

I t  has  been  suggested t h a t  the  size of sa l ivary  glands is 
d e p e n d e n t  on the  secre tory  ac t iv i ty  1. This agrees wi th  t he  
f inding t h a t  surgical dene rva t ion  by  sect ion of the  para-  
s y m p a t h e t i c  secre tory  nerves  causes a g landular  a t r o p h y  3. 
On the  o the r  hand ,  while 'pharmacologica l '  dene rva t ion  
by  t r e a t m e n t  wi th  p a r a s y m p a t h o l y t i c s  does no t  decrease 
the  weigh t  of sa l ivary  glands it does cause changes  similar  
to  those  seen af ter  surgical dene rva t ion  8,4. I t  was occa- 
sionally observed,  however ,  t h a t  t r e a t m e n t  w i th  big doses 
of a t rop ine  seemed to reduce the  weight  of the  ra t ' s  sub-  
maxi l la ry  gland. This  was fu r the r  inves t iga ted  using 
a t ropine  or an a t ropine- l ike  substance ,  Hoechs t  9980 5. 

33 female ra t s  b red  at  th is  In s t i t u t e  were used. The 
animals  were 110 days  old and  weighed abou t  200 g. The 
r ight  submaxi l l a ry  gland was pa ra sympa the t i ca l l y  de- 
ne rva t ed  in all animals.  A pregangl ionic  p a r a s y m p a t h e t i c  
dene rva t ion  was achieved by  sect ion of the  chorda- l ingual  
nerve.  12 ra ts  were given a t rop ine  while 10 animals  were 
t r ea ted  wi th  H o ech s t  9980; the  drugs were in jec ted  sub-  

1 H.D. HALL and C. A. SCHNEYER, Proc. Soc. exp. Biol., N.Y. 717, 
789 (1964). 

2 C. BERNARD, J. Anat. Physiol., Paris 1, 507 (1864). 
3 N. EMMELIN, D. JACOBSOHN, and A. MUREN, Acta physiol, scand. 

24, 128 (1951). 
P. OHLIN and C. PEREC, Q. J1. exp. Physiol. 57, 196 (1966). 

s Kindly supplied by Hoechst Anilin Ltd., Gothenburg. 
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cu taneous ly  for 1 week. 11 ra ts  were kep t  1 week as un- 
t r ea t ed  controls  to  s t u d y  the  effect  of surgical dene rva t ion  
alone on the  weigh t  of the  submaxi l l a ry  gland. At ropine  
as the  su lphate  was given at  in tervals  of 6 or 12 h and 
H o e c h s t  9980 (p iper id ino-e thy l -d iphenyl -ace tamid  hydro-  
chloride) a t  in te rva ls  of 6 h. The doses of the drugs were 
gradual ly  increased dur ing  the  per iod of t r e a tmen t .  In  
the  group of ra t s  t r ea t ed  wi th  a t rop ine  a t  in tervals  of 12 h 
the  dose was increased f rom 5-20 mg, to ta l  a m o u n t  
180 rag; in the  o ther  a t rop ine - t r ea t ed  group the  dose was 
augmen ted  f rom 1-5 mg, to ta l  dose 84 mg. The dose of 
Hoechs t  9980 was increased f rom 0.5-2 mg in one group 
and  f rom 1-5 mg in another ,  to ta l  a m o u n t s  36 and 84 mg 
respect ively.  All ra ts  were killed by  cervical  dis locat ion 
af ter  1 week 4-6 h af ter  the  last  inject ion.  The submaxi l -  
lary  glands were carefully dissected,  c leaned and weighed 
(wet weight).  The dry  weight  of the glands was e s t ima ted  
a f te r  hea t ing  to  105-110 ~ for 48 h. 

Surgical p a r a s y m p a t h e t i c  denerva t ion  was found to 
decrease the  d ry  weight  of the  submaxi l l a ry  gland by  
abou t  25% in 1 week, f rom 37 4- 1.5 (11) * to 28 4- 1.6 
(11) mg (Table). T r e a t m e n t  wi th  a t rop ine  caused a simi- 
lar, s ignif icant  decrease in the  weight  of the  normal ly  
innerva ted  gland (Table). The reduc t ion  in the  size of the  
glands can be considered to be specific in the  group given 
84 mg a t ropine  bu t  no t  in t h a t  given 180 mg a t ropine  
since the  ra ts  in t he  last group, bu t  no t  in the f i rs t  one, 
showed a marked  decrease in body  weight.  T r e a t m e n t  
wi th  Hoechs t  9980 had  an effect  s imilar  to t h a t  of atro-  
pine on the  weight  of normal ly  inne rva ted  glands when  
given in suff icient  amoun t s  (Table). The body  weight  
was no t  af fec ted  by  the  doses of Hoechs t  9980 used. 
T r e a t m e n t  wi th  a t ropine  or Hoechs t  9980 did not  change 
the  weight  of the  pa ra sympa the t i ca l l y  dene rva t ed  sub- 
maxi l la ry  glands. The dry  weight  of the  glands was found 
to be about  25% of the  wet  weight  in all groups. 

'Pharmacologica l '  denerva t ion  has been found to  in- 
duce changes,  e.g. supersens i t iv i ty  to secre tory  agents,  
s imilar  to those seen a f te r  surgical denerva t ion  in sa l ivary  
glands of cats  s,7 and ra ts  4, while it  does not  cause a 
g landular  a t rophy .  In  the  p resen t  inves t iga t ion  it was 
found  t h a t  t r e a t m e n t  wi th  pa rasympa tho ty t i c s ,  a t ropine  
or Hoechs t  9980, reduces the weight  of the  submaxi l l a ry  

gland o f  rats.  I t  should be recalled t h a t  the  doses of 
a t rop ine  and  par t icu lar ly  Hoechs t  9980 are ma rk ed ly  
bigger t h a n  those  used in previous exper iments .  The 
presen t  f inding agrees wi th  the  suggest ion t h a t  the  size 
of sa l ivary  glands  is d e p e n d e n t  on the  organ ac t iv i ty  t 

Dry weight of the right and left submaxillary gland 1 week after 
parasympathetic denervation of the right gland in untreated rats 
(-control) and in animals treated with a parasympatholytic agent, 

atropine or Hoeehst 9980 

Group TotM No. Dry weight (mg) Right/ 
dose of left 
(mg) rats Right Left % 

Control 11 28 =L 1.6 37 ! 1.5 74 :f: 2.9 
Atropine 84 5 28 • 1.4 31.9 :L 0 -96b 88 :J: 2.0 b 
Atropine 180 7 26 =L 2.3 30 =t: 1.8t' 86 =t: 4.5 
Hoeehst9980 36 5 28 • 2.2 35 • 2.3 82 =E 2.7 
Hoeehst9980 84 5 27.5 • 0.94 31.3 :t= 0.65 b 88 :t: 1.3 ~ 

Values are mean • S.E.M. ~ P ~ 0.05; b p < 0.01; ~ P < 0.001 
when compared with the corresponding control value. 

Zusammen/assung. P a r a s y m p a t h i s c h e  chirurgische De- 
nerv ierung f t ihrt  zur Gewich t sabnahme  der  Speichel-  
dri isen;  die Submaxil lar isdr i ise  der  R a t t e  zeigt eine 
At rophie  nach  Behand lung  mi t  p a r a s y m p a t h o l y t i s c h e n  
Subs tanzen  (Atropin oder  Hoechs t  9980). 
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~ Mean :L standard error of mean (nmnber of observations). 
11. C. R. STROM~I.AD, Acts physiol, stand. 36, 47 (1956). 

A c t i o n  of T h a l i d o m i d e  on  E n d o s t e a l  O s s i f i c a t i o n  
in  the  P i g e o n  

The endos tea l  ossif icat ion is a p h e n o m e n o n  which  
occurs na tu ra l ly  in female birds,  depend ing  on the  
ovar ian  cycle1 4. 

In  the  pigeon, when  the  ovar ian  follicle reaches the  
d imens ion  of 4-5 mm, a spicular  ne twork  begins to form, 
which  increases in a cen t r ipe ta l  sense f rom the  in te rna l  
surface of the  d iaphys is  of the  long bones  endowed wi th  
b lood-forming bone marrow.  W h e n  the  follicle size has 
reached its m a x i m u m  (about  20 m m  in diameter)  the  
endostea l  bone has  comple te ly  invaded  the  cav i ty  and 
the  mar row is reduced  to  is lands be tween  the  spicular  
network.  In  connect ion  wi th  the  fo rmat ion  of the  cal- 
careous egg-shells, there  is a rapid regression of the  newly-  
fo rmed bone, and  a few days  af ter  the  deposi t ion the  
init ial  s i tua t ion  is res tored  and the  bones p resen t  a normal  
red bone  marrow.  

This  cyclic phenomenon ,  which  has the  significance of 
realizing a deposi t  of Ca to be uti l ized in the  fo rma t ion  of 
the  calcareous shell, can be p rovoked  exper imen ta l ly  
b o t h  in the  female and in the  male birds by  admin is t ra -  
t ion of es t rogens  5. 

I previous research 6, i t  was observed  t h a t  pigeons 
(Columba livia Gin.) which  had  received es t rogens  and 
tha l idomide  for 20 days  showed,  in X - r a y  and  in his to-  
logical prepara t ions ,  a poorer  endostea l  ossif icat ion corn- 

1 p.  KYEs a n d  T. POTTER, Ana t .  Rec.  60, 377 (1934). 
2 A. KIRSCHBAUM, C. A. I~FEIFFER, J .  VAN HENVERSWYN, a n d  

W. g .  GARDNER, Ana t .  Ree. 75, 249 (1939). 
3 J .  BENOIT, R. GRANGAUD, a n d  S. SARFATI, Bull.  His to l .  appl .  

Phys io l  P a t h .  18, 173 (1941). 
4 W. BLOOM a n d  L. V. DOMM, Ana t .  Rec. 81, 91 (1941). 
5 C .A.  ])FEIFFER a n d  W. U. GARDNER, E n d o c r i n o l o g y  23, 485 (1938). 
6 V. G. LEONE a n d  L. RINALDI, Re. Accad .  naz .  Lineei,  serie V I I I ,  

38, 578 (1965). 


