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Folgerungen. (1) E s  h i tng t  v o n d e r  Kohledos i s  at), ob  
n a c h  G K B  eine S t i m u l a t i o n  oder  eine Depress ion  de r  
P h a g o z y t o s e a k t i v i t i i t  im  R E S  gemessen  w e r d e n  k a n n .  
D u r c h  die be iden  ve r s ch i eden  h o h e n  K o h l e d o s e n  w e r d e n  
also 2 v e r s ch i edene  E i g e n s c h a f t e n  de r  P h a g o z y t e n  erfasst .  
(2) Mi t  8 -16  m g  Koh le  wi rd  die G e s c h w i n d i g k e i t  de r  Auf-  
n a h m e  yon  Kohle  in  die P h a g o z y t e n  gemessen.  Die Ab-  
h~Lngigkeit de r  P h a g o z y t o s e s t i m u l a t i o n  v o n d e r  S t r a h l e n -  
dosis  u n d  d e m  Al te r  de r  Mituse sowie ihr  ze i t l icher  Ver-  

Phagozytose-Anstieg bei r(intgenbestrahlten MAusen 

TaRe nach Phagozytose-Index 
Bestrahlung K 

2 0,043 6,26 
4 0,068 ~ 8,85" 
5 0,088 b 8,58 ~ 
7 0,077 7,96 
9 0,057 7,22 

Kontrolle 0,034 5,40 
unbestrahlt 

GanzkSrperbestrahlung, 750 R. * carbon clearance*, 8 mg Kohle]100 g 
K6rpergewicht Varianzanalyse. Mittelwerte. s x ftir K = 4- 0,007, ftir 
0t = 4- 0,36. a p < 0,05; b p < 0,01. 

lauf  (Beginn,  M a x i m u m )  weisen au f  e ine  urs / ichl iche  
B e z i e h u n g  zur  S t r a h l e n k r a n k h e i t  h in .  V e r m u t l i c h  t r e t e n  
infolge D a r m s c h / i d i g u n g  bak te r i e l l e  E n d o t o x i n e  in  das  
B l u t  f iber;  solche E n d o t o x i n e  h a b e n  eine s t a r k e  p h a g o -  
zy tose s t e ige rnde  "Wirkung 5. (3) Mi t  45 m g  Koh le  wi rd  die 
K a p a z i t i i t  d e r  P h a g o z y t e n  ffir Koh le  gemessen.  Die  s chon  
vo r  B e g i n n  de r  S t r a h l e n k r a n k h e i t  als P h a g o z y t o s e h e r -  
a b s e t z u n g  n a c h w e i s b a r e  L e i s t u n g s m i n d e r u n g  de r  P h a g o -  
z y t e n  is t  die Folge e iner  S t rah lensch /~digung  de r  Zel len s. 

Summary. T h e  effec t  of X - i r r a d i a t i o n  on  t h e  p h a g o -  
cy t ic  a c t i v i t y  of t h e  R E S  d e p e n d s  on  t h e  c a r b o n  dose. 
Us ing  smal l  doses a s t i m u l a t i o n  was f o u n d ;  t h i s  i nd i ca t e s  
a n  inc reased  ve loc i ty  of c a r b o n  u p t a k e  b y  t h e  phagocy te s .  
Us ing  h igh  doses  a dep res s ion  was  f o u n d  i n d i c a t i n g  a 
dec reased  p h a g o c y t i c  c a p a c i t y  of t h e  cells. 
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Biochemical  Changes in 9, I0 -Dimethyl - l ,2 -Benzanthracene  Painted Mouse Skin 

M a r k e d  changes  in t he  acid m u c o p o l y s a c c h a r i d e  p a t t e r n  
h a v e  b e e n  obse rved  in d e r m a l  c o n n e c t i v e  t i ssue  s u b m i t t e d  
to  p a i n t i n g  w i t h  t h e  ca rc inogen  9, 10-dimethyl -1 ,  2-benz-  
a n t h r a c e n e  (DMBA) 1,2. Us ing  m e t h y l c h o l a n t r e n e  topic-  
ally,  o t h e r s  s f o u n d  no  s ign i f i can t  c h a n g e s  in d e r m a l  
h y d r o x y p r o l i n e ,  ty ros ine ,  hexoses ,  hexos am i ne ,  a n d  
uron ic  ac id  of mice  a n d  r a b b i t s  t h r o u g h o u t  t he  en t i r e  
course  of t h e i r  ca rc inogenes i s  s tudies .  

T h e  p r e s e n t  p a p e r  deals  w i t h  b i ochem i ca l  changes  a f t e r  
D M B A  p a i n t i n g  of t h e  sk in  of S T / E h  female  mice,  
specif ical ly  in t h e  c o n t e n t  of wa te r ,  h y d r o x y p r o l i n e ,  
h e x o s a m i n e  a n d  uron ic  acid.  

Materials and methods. F o r t y  y o u n g  female  mice  aged 
6 weeks  a n d  weigh ing  a b o u t  20 g each  were  d iv ided  in to  
3 e x p e r i m e n t a l  a n d  2 con t r o l  g roups .  8 mice  se rved  as  
u n t r e a t e d  con t ro l s  (group I). 8 a n i m a l s  were  p a i n t e d  o n  
t h e  a b d o m i n a l  sk in  w i t h  0.05 ml  t h i ophene - f r ee  b e n z e n e  
once  a week  for  6 weeks  (group II) .  24 mice  (groups I I I ,  
I V  a n d  V) were  p a i n t e d  on  t h e  a b d o m i n a l  sk in  w i t h  
0.05 m l  of 0 .5% D M B A  in  b e n z e n e  once  a week  for  4, 8 
a n d  12 weeks.  48 h before  sacrifice,  e ach  m o u s e  rece ived  
0.2 mC/0 .2  ml  of 3~S in s ter i le  w a t e r  i.p. Af te r  sacrifice 
t h e  sk in  was  d issec ted  off t h e  u n d e r l y i n g  t issue.  Samples  
of a b o u t  2 × 1 c m  were  r e m o v e d  f rom t h e  p a i n t e d  a r ea  
a n d  we ighed  i m m e d i a t e l y .  T h e  w a t e r  c o n t e n t  was  de te r -  
m i n e d  b y  t h e  d i f fe rence  in  w e i gh t s  be fore  a n d  a f t e r  d ry ing .  
T h e  samples  were  d e f a t t e d  b y  ace t one  a n d  e ther .  

20-40  m g  of dr ied,  d e f a t t e d  sk in  was  h o m o g e n i z e d  in  
25 ml  of 0 . 5 N  N a O H  in a 'Vi rTis  45 '  h o m o g e n i z e r  for  
14 ra in  in  a n  ice b a t h .  Acid  m u c o p o l y s a c c h a r i d e s  were  
e x t r a c t e d  a t  4°C for  24 h a n d  i so la ted  as desc r ibed  b y  
BOLLET e t  al. 4. D e t e r m i n a t i o n s  of u ron ic  ac id  were  ca r r ied  

ou t  b y  t h e  ca rbazo le  5 a n d  orcinol  m e t h o d s  ~ c o n v e r t e d  to  
a microsca le  acco rd ing  to  MARCKMANN 7 The  t o t a l  c o n t e n t  
of m u c o p o l y s a c c h a r i d e s  were e s t i m a t e d  b y  d e t e r m i n a t i o n  
of t h e  c o n t e n t  of h e x o s a m i n e  on  t he  or ig ina l  t i s sue  h o m o -  
gena te ,  as  desc r ibed  b y  KIRK a n d  DYRBYE s a n d  DYRBYE 9, 
us ing  t h e  ELSON a n d  MORGAN p r o c e d u r e  modi f i ed  b y  
BOAS. T h e  c o n t e n t  of h y d r o x y p r o l i n e ,  r e p r e s e n t i n g  t h e  
a m o u n t  of col lagen,  was  d e t e r m i n e d  on  t he  or ig ina l  t i s sue  
h o m o g e n a t e  b y  t h e  m e t h o d  of NEUMAN a n d  LOGAN as 
modi f ied  b y  MARTIN a n d  AXELROD 1°. All  b iochemica l  
ana lyses  were  p e r f o r m e d  in dup l ica te ,  a n d  s i m u l t a n e o u s l y  
on  con t ro l  a n d  e x p e r i m e n t a l  sk in  samples .  Rep roduc i -  
b i l i t y  e x p e r i m e n t s  gave  a r ecove ry  of 81 .9% w i t h  t h e  
carbazole ,  95 .4% w i t h  t h e  orcinol ,  a n d  98 .1% w i t h  t h e  
h y d r o x y p r o l i n e  m e t h o d .  

E l e c t r o p h o r e t i c  s e p a r a t i o n  a n d  i den t i f i c a t i on  of acid 
m u c o p o l y s a c c h a r i d e s  in  a lka l ine  e x t r a c t s  of p o w d e r e d  
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10 C. J. MARTI~¢ and A. E. AXELROD, Proc. Soc. exp. Biol. Med. 83, 
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sk in  samples  of e ach  g r o u p  were ca r r ied  o u t  a cco rd ing  to  
~RUNISH a n d  ASBOE-HANSEN 11. Alc ian  blue  was used  for  
s t a i n i n g  acid mucopo lysaccha r ides .  Some  s t r ips  were  
s t a i n e d  for  p r o t e i n  w i t h  a m i d o  b l a c k  (0 .5% in 7 .5% 
acet ic  acid) a n d  r insed  w i t h  dis t i l led  water .  A u t o r a d i o -  
g r a p h y  us ing  K o d i r e x  X - r a y  f i lms (exposure  t i m e  6 -8  
weeks) d e m o n s t r a t e d  t h e  p resence  of r ad io su lpha t e .  

Results .  T h e  sk in  of t h e  e x p e r i m e n t a l  a n i m a l s  deve loped  
e r y t h e m a ,  edema ,  e p i d e r m a l  t h i c k e n i n g  w i t h  h y p e r k e r a -  
to t i c  lesions, a n d  alopecia .  P a p i l l o m a s  a p p e a r e d  a f t e r  
a b o u t  6 weeks  of p a i n t i n g .  4 mice  deve loped  s q u a m o u s  
cell c a r c i n o m a s  a f t e r  9 weeks.  F r o m  t h e  t w e n t i e t h  d a y  
a f t e r  p a i n t i n g  a cons ide rab le  a c c u m u l a t i o n  of m a s t  cells 
was  n o t e d  in t h e  dermis .  I n  case of m a l i g n a n c y  t h e y  dis- 
appea red .  T h e  re su l t s  of t he  b iochemica l  ana lyses  a p p e a r  
f rom T a b l e s  I a n d  I I. T h e  va lues  of t h e  3 d i f f e ren t  exper i -  
m e n t a l  g roups  were  c o m p a r e d  w i t h  t h e  con t ro l s  acco rd ing  
to  S t u d e n t ' s  t - tes t .  

B o t h  n o r m a l  a n d  ca rc inogen  p a i n t e d  skin  s amples  gave  
d i s t i n c t  e l ec t rophore t i c  b a n d s  of h y a l u r o n i c  acid,  chon -  
d r o i t i n  su lpha te ,  a n d  h e p a r i n  TM (Figure) .  One  a d d i t i o n a l  
b a n d ,  p r o b a b l y  r e p r e s e n t i n g  h e p a r i t i n  su lpha te ,  was  ob-  

se rved  b e t w e e n  t h e  c h o n d r o i t i n  s u l p h a t e  a n d  h y a l u r o n i c  
acid bands .  No t r ace  of p r o t e i n  was found  c o r r e s p o n d i n g  
to  t h e  b a n d s  of t h e  m i g r a t i n g  acid mu co p o l y s acch a r i d e s .  
All b a n d s  e x c e p t  t h e  one  w i t h  a m o b i l i t y  l ike t h e  h y a l u r o -  
n a t e  s t a n d a r d  c o n t a i n e d  r a d i o a c t i v e  su lphur .  

Discussion.  T h e  mice  h a d  mu l t i p l e  pa in t ings ,  a n d  t h u s  
t h e  role of t h e  h a i r  cycle  la was  cons ide red  to  be  negl igible .  

Ca rc inogen  p a i n t i n g  b r o u g h t  a b o u t  a p r o n o u n c e d  r ise 
in  t h e  h e x o s a m i n e  va lues  a long  w i t h  a s ign i f i can t  increase  
in t h e  w a t e r  c o n t e n t  of t h e  skin.  Th i s  accords  well  w i t h  
t h e  w a t e r - b i n d i n g  p r o p e r t y  of h y a l u r o n i c  acid.  T h e  defi-  
n i t e  increase  in t h e  excess h ex o s ami n e ,  u n r e l a t e d  to  

it R. BRUNISH and G. ASBoE-HANSEN, Acta path. mierobiol, scand. 
65, 185 (1965). 

12 The hyaluronic acid standard was generously supplied by A. B. Leo, 
H~ilsingborg, Sweden. Chondroitin sulphate from cartilage was 
obtained from California Corp. for Biochemical Research, USA, 
ehondroitin sulphate B from Hoffman-La Roche u. Co. A.G., 
Switzerland, heparin from Leo Pharmaceutical Products, Den- 
mark, and heparitin sulphate from Upjohn Co., Mich., USA. 

13 F. N. GnADIALLV, Cancer 14, 801 (1961). 

HA 

Exp I -  

Std 

CHS HP 

HA. . . . . . .  HP 

(A) Electrophoretic pattern of acid 
mucopolysaccharides in normal skin 
of mouse. Arrow indicates starting 
line. HA, hyaluronic acid; CHS, 
chondroitin sulphate; HP, heparin; 
STD, reference standards. Norm, nor- 
real skin of mouse. Staining: Alcian 
blue pH 3. (B} Electrophoretic pattern 
of acid mucopolysaccharides in carci- 
nogen painted mouse skin. Symbols 
same as in (A). Exp, carcinogen 
painted skin of mouse. Staining: 
Alcian blue pH 3. One distinct band 
is seen between CHS and HA. 
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Table I. Water,  hydroxyproline, hexosamine, uronic acid and exeess hexosamine in control and DMBA painted mouse skin 

Group Water,  % of Water,  % of Hydroxy- Hexosamine Uronic acid Excess 
wet weight dried and de- proline Carbazole Orcinol hexosamine 

fatted weight 

Control (8) 57.9 4- 2.9 237 4- 14 23.9 4- 2.0 3.40 4- 0.21 0.97 4- 0.04 1.03 4- 0.07 2.45 4- 0.15 
Benzene (8) 54.7 4- 2.2 233 -q- 12 23.7 4- 1.4 3.70 4- 0.24 0.99 ± 0.03 1.11 4- 0.02 2.67 4- 0.23 
Carcinogen 4 weeks (7) 68.5 4- 1.9 b 368 4- 19 c 27.2 ± 1.8 5.60 4- 0.14 C' 1.23 4- 0.01c 1.15 4- 0.07 4.54 4- 0.14 ° 
Carcinogen 8 weeks (8) 68.9 4- 1.1u 304 4- 7~ 31.8 4- 2.2~ 4.50 4- 0.12~ 0.97 4- 0.04 1.12 ± 0.06 3.47 4- 0.15 ° 
Carcinogen 12 weeks (7) 68.2 4- 1.1 b 295 + 8 b 24.3 4- 1.6 4.30 4- 0.20 b 0.85 4- 0.07 1.25 ± 0.05 3.15 4- 0.24" 

Figures in brackets indicate the number  of mice. Values in g/mg dried, defatted tissue, in the last 6 columns. Mean values and s tandard error 
of mean are indicated. Significantly different from controls at the 5%% 1% b and 0.1% ~ level of probability. 

Table II. Hexosamine to hydroxyproline, uronic acid to hydroxy- 
proline, and carbazole to oreinol ratios in control and in DMBA 
painted mouse skin 

Group Hexosamine Uronic acid Carbazole 
Hydroxyproline (orcinol) Orcinol 

Hydroxyproline 

Control (8) 0.144 4- 0.008 0.045 4- 0.002 0.95 + 0.03 

Benzene (8) 0.160 4- 0.009 0.048 4- 0.001 0.89 4- 0.04 

Carcinogen 0.212 4- 0.017 b 0.040 -t- 0.003 1.09 4- 0.07 
4 weeks (7) 

Carcinogen 0.144 4- 0.009 0.036 4- 0.003 • 0.88 ± 0.05 
8 weeks (8) 

Carcinogen 0.181 ± 0.012 • 0.051 4- 0.004 0.67 4- 0.03 ~ 
12 weeks (7) 

u r o n i c  ac id ,  i n d i c a t e s  a n  i n c r e a s e  in  n e u t r a l  m u c o p o l y -  
s a c c h a r i d e s .  

T h e  i n c r e a s e  in  a c i d  m u c o p o l y s a c c h a r i d e s  f o u n d  i n  t h i s  
s t u d y  p r o b a b l y  o r i g i n a t e s  f r o m  t h e  a c c u m u l a t i o n  of  
d e r m a l  m a s t  ce l l s  14. 

T h e  d i f f e r e n t  r a t i o s  { T a b l e s  I a n d  I I )  s u g g e s t e d  q u a l i t a -  
t i v e  c h a n g e s  in  t h e  c o m p o s i t i o n  o f  t h e  c o n n e c t i v e - t i s s u e  
g r o u n d  s u b s t a n c e  of  m o u s e  s k i n  4,1s. T h e s e  o b s e r v a t i o n s  
a r e  s u p p o r t e d  b y  t h e  e l e c t r o p h o r e t i c  r e s u l t s .  

Zusammenfassung. B i o c h e m i s c h e  A n a l y s e n  v o n  Mi iu se -  
h a u t ,  d i e  m i t  d e r  k a r z i n o g e n e n  S u b s t a n z  D M B A  b e p i n s e l t  
w o r d e n  w a r ,  z e i g t e n  V e r ~ n d e r u n g e n  i m  G e h a l t  a n  W a s s e r ,  
H y d r o x y p r o l i n ,  H e x o s a m i n  u n d  U r o n s A u r e .  

M. B.  KETKAR 

University o] Copenhagen, Department o/Dermatology 
~ t h  Connective Tissue Research Laboratories, 
Rigshospital, Copenhagen (Denmark), 
75 November 7967. 

Figures in brackets indicate the number  of mice. Figures include 
mean values and s tandard error of mean. Significantly different 
from control values at the 5%% 1% 4 and 0.1%~ level of probability. 

14 G. I. HORSFIELD and R. SUMMERLY, Br. J.  Derm. 78, 476 (1966). 
is K. MEYER, P. HOFFMANN and A. LINKER, in Connective Tissue 

Symposium (Blackwell, Oxford 1957). 

Electrophor~se des h~moglobines de poulet sur ~el de polyacrylamide 

L ' 6 1 e c t r o p h o r ~ s e  s u r  ge l  d e  p o l y a c r y l a m i d e  l o r s q u ' e l l e  
e s t  p r a t i q u 6 e  s e l o n  l a  t e c h n i q u e  d e  D A v i s  1, s 6 p a r e  les 
h 6 m o g l o b i n e s  d e  l ' e m b r y o n  d e  5 j o u r s  e t  d e  l a  p o u l e  a d u l t e  
ell  2 c o n s t i t u a n t s  d o n t  F u n  p a r a t t  c o m m u n  a u x  2 h 6 m o l y -  
s a t s  ( F i g u r e  A).  Or ,  l ' 6 1 e c t r o p h o r ~ s e  s u r  ge l  d ' a m i d o n  2-4 
e t  la  c h r o m a t o g r a p h i e  s u r  C M - c e l l u l o s e  5 p a r a i s s e n t  in -  
d i q u e r  d ' u n e  p a r t  q u ' i l  e x i s t e  a u  m o i n s  3 c o n s t i t u a n t s  
h 6 m o g t o b i n i q u e s  c h e z  l ' e m b r y o n  d e  5 j o u r s  e t  5 c h e z  
l ' a d u l t e ,  d ' a u t r e  p a r t  q u e  les  h 6 m o g l o b i n e s  d e s  e m b r y o n s  
les  p l u s  j e u n e s  s o n t  t o t a l e m e n t  d i f f 6 r e n t e s  d e  ce l les  d e  
l ' a d u l t e .  I1 a p p a r a t t  d o n c  q u e  les  c o n d i t i o n s  d '61ec t ro -  
p h o r ~ s e  d 6 c r i t e s  p a r  DAVIS x n e  s o n t  p a s  ce l l e s  q u i  d o n n e n t  
p o u r  les  h 6 m o g l o b i n e s  d e  p o u l e t  le m a x i m u m  d e  s 6 p a r a -  
t i o n  p o s s i b l e .  

C e t t e  s i t u a t i o n  n o u s  a c o n d u i t s  ~ m o d i f i e r  d i v e r s  a s p e c t s  
d e  l a  t e c h n i q u e  d e  DAVIS e t  ~ a p p l i q u e r  l a  m 6 t h o d e  o b -  
t e n u e  ~ l ' 6 t u d e  d e  l ' 6 v o l u t i o n  d e s  h 6 m o g l o b i n e s  a u  c o u r s  
d u  d 6 v e l o p p e m e n t  d u  p o u l e t .  

Mdthodes. (1) L e s  a n i m a u x  e t  les  e m b r y o n s  u t i l i s6 s  s o n t  
de  r a c e  L e g h o r n .  L e s  h 6 m o l y s a t s  s o n t  p r 6 p a r 6 s  5. 4 °C 
p a r  l y s e  d e s  6 r y t h r o c y t e s  f r a i c h e m e n t  co l l ec t6s .  I l s  s o n t  
e m p l o y 6 s  le j o u r  m ~ m e  c a r  la  c o n s e r v a t i o n  f a i t  a p p a r a t t r e  
d e s  c o n s t i t u a n t s  s u p p l 6 m e n t a i r e s  de  n a t u r e  a r t e f a c t u e l l e .  
L e s  h 6 m o l y s a t s  s o n t  d a n s  c e r t a i n s  c a s  d 6 b a r r a s s 6 s  d e s  
p r o t 6 i n e s  n o n  h 6 m o g l o b i n i q u e s  p a r  f i l t r a t i o n  s u r  c o l o n n e  
d e  S e p h a d e x  G 7 5  a v a n t  d ' e t r e  s o u m i s  ~ l ' 61ec t ropho r~se .  

(2) C h a q u e  t u b e  d e  p o l y a c r y l a m i d e  e s t  c o n s t i t u 6  d e  
0,25 m l  d e  ge l  e s p a c e u r  e t  de  1 m l  de  ge l  d ' 6 1 e c t r o p h o r ~ s e  
p r 6 p a r 6 s  d e  l a  f a g o n  p r 6 s e n t 6 e  d a n s  te T a b l e a u .  
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