
15.4. 1977 Specialia 425  

H S L C  was pe r fo rmed  b y  means  of a W a t e r s  Ass. Model  
ALC 202 l iquid  c h r o m a t o g r a p h  w i th  M6000 p u m p i n g  
s y s t e m  a n d  de t ec t ed  w i t h  a W a t e r s  Ass. Model  R401 re- 
f rac t ive  i ndex  de tec tor .  2 Shodex  GPC co lumns  (A801 • !, 
A802 • 3, po rous  po l ym er  of s ty rene  d iv iny lbenzene)  was 
used. For  ana lys i s  of t ra i l  phe romone ,  the  m e t h y l a t i o n  
of t he  f a t t y  acids ( f ract ion 2 in HSLC) was car r ied  ou t  
us ing  d i a z o m e t h a n e  and  t h e n  ana lyzed  b y  gas c h r o m a t o -  
g r a p h y - m a s s  s p e c t r o m e t e r  (GC-MS)". T he  i n s t r u m e n t  
used consis ts  of J G C - 2 0 K P  gas c h r o m a t o g r a p h y  ( J E O L  

C o .  Ltd ,  J a p a n )  equ ipped  w i th  t he  c o l u m n  which  was 
coupled  to a JMS-D100  mass  s p e c t r o m e t e r  ( J E O L  Co. 
L td ,  J a p a n )  h a v i n g  e lec t ron  i m p a c t  (EI) and  chemica l  
ion iza t ion  (CI) c o m b i n a t i o n  sources and  m e a s u r e d  the  
folowing cond i t ions :  column,  1 0 % - D E G S  G a s c h r o m  Q 
(100-200 mesh) glass co lumn  (3 m • 3 m m ) ;  co lumn  
t e m p e r a t u r e  p r o g r a m m e d  150 ~ to 200~ (5~ in- 
j ec t ion  t e m p e r a t u r e  300~ car r ie r  gas He 2.1 kg / cm" ;  
ion iza t ion  vo l tage  23eV. W h e n  the  CI source was used, 
i so -bu tane  was used for t he  r e a c t a n t  gas. The  i nd iv idua l  
c o m p o n e n t s  showing  a l a r m  response  of f rac t ion  3 in H S L C  
were isola ted b y  p r e p a r a t i v e  gas c h r o m a t o g r a p h y  (GC), 
and  t h e n  ident i f ied  b y  I R - s p e c t r a  on compar i son  w i th  
those  of a u t h e n t i c  specimens.  The  S-assay  descr ibed  b y  
H a n g a r t n e r  7 a n d  O-assay  b y  T u m l i n s o n  a were employed  
to check the  biological  a c t i v i t y  of the  t ra i l  phe romone .  
Whi le  the  a l a r m  a c t i v i t y  was t es ted  b y  the  B l u m ' s  
m e t h o d  s. 
Results and discussion. The  t ra i l  p h e r o n o m e " .  The  bio- 
logical a c t i v i t y  of the  t ra i l  p h e r o m o n e  was de t ec t ed  in 
f rac t ion  2 wh ich  was o b t a i n e d  f rom p r e p a r a t i v e  HSLC.  
The  t h r e sho ld  of de t ec t ion  of the  t ra i l  p h e r o m o n e  was 
10 -4 to 10 -7 g/ml.  The  I R - s p e c t r u m  of the  f r ac t ion  
showed  the  a b s o r p t i o n  b a n d  a t  1700 cm ~ due  to c a r b o n y l  
g roup  (showing the  presence  of the  acid). The  acid f r ac t ion  
was reac ted  w i t h  d i a z o m e t h a n e  and  s u b m i t t e d  to GC-MS 
analysis .  Some of the  m e t h y l  ester  of the  f a t t y  acids 
showed  no molecu la r  ion (e.g. C20:5 ) in MS us ing  E I  
source, so the  CI source was used ins t ead  of E I  in case of 
C20:5 acid. The  9 f a t t y  acids (C14:0, C16:0, C16:1 , C19:0 , 

C18:1 , C18:2 , C18:3 , Cio:4 , C20:5 ) w e r e  i d e n t i f i e d  b y  G C - M S  
as t he  c o m p o n e n t s  of the  t ra i l  phe romene .  Tile i n d i v i d u a l  
f a t t y  acids were f u r t h e r  ident i f ied  b y  GC. The  i so la t ion  
and  iden t i f i ca t ion  of t ra i l  and  a l a r m  p h e r o m o n e s  are 
shown  in the  table .  
A l a r m  phe romone .  The  a n t s  were i r r i t a t ed  and  t h e n  t h e y  
secreted the  a l a r m  p h e r o m o n e  in t e s t  t ube .  Af te r  ex-  
t r a c t i n g  t he  a n t s  w i t h  n - p e n t a n e ,  a n  odorous  oil was  ob-  
t a ined .  The  gas c h r o m a t o g r a m  of t he  oil showed  4 peaks  
which  were v e r y  s imi lar  to  those  of the  f r ac t ion  3 in 
HSLC.  The  ind iv idua l  c o m p o n e n t s  were f u r t h e r  i so la ted  
b y  p r e p a r a t i v e  GC and  ident i f ied  b y  I R - s p e c t r a  on t he  
compar i son  w i th  those  of a u t h e n t i c  specimens.  F u r t h e r  
iden t i f i ca t ion  was pe r fo rmed  b y  GC. The  m a i n  con-  
. s t i tuents  of a l a r m  p h e r o m o n e  were fl-pinene t o g e t h e r  
w i t h  l imone,  ~-pinene and  c a m p h e n e .  I t  is of i n t e r e s t  t h a t  
t he  m o n o t e r p e n e  h y d r o c a r b o n s  were de t ec t ed  as t he  
a l a r m  p h e r o m o n e  in P. pungens  as well  as N a s u t i t e r m e s  
exi t iosus  (Hill) 11. 
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Summary. An increased  release of acid p h o s p h a t a s e  f rom the  lysosomes of U V L  i r r ad ia ted  hai r less  mouse  ep idermis  
is d e m o n s t r a t e d .  The  resu l t s  ind ica te  t h a t  lysosomal  m e m b r a n e  s t ab i l i t y  is decreased  w h e n  t he  hai r less  mouse  is ex- 
posed to e i the r  acute  or chronic  UVL.  

The  lysosomes are single m e m b r a n e ,  subce l lu la r  o rgan-  
elles which  c o n t a i n  m a n y  acid hydro lases  2, 3. U l t r a v i o l e t  
l igh t  (UVL) is capab le  of lysing isola ted r a t  l iver  lyso- 
somes 4-6 caus ing  release of t he i r  ca t a ly t i c  enzymes.  
J o h n s o n  7 us ing  mice, and  F a n d  6 us ing  hai r less  mice, ra t s  
a n d  h u m a n  foreskin  found  t h a t  the  acid p h o s p h a t a s e  
a c t i v i t y  in skin exposed to  10 t imes  the  m i n i m a l  e r y t h e m a  
dose (MED) of U V L  was  lower t h a n  the  a c t i v i t y  f rom 
skin  i r r ad ia t ed  t h r o u g h  window glass 7 or w h e n  t he  skin 
was p ro t ec t ed  w i t h  a sunsc reen  s. H i s t o c h e m i c a l  s tud ies  
of h u m a n  skin, b y  J o h n s o n  and  Danie ls  s, i nd ica t ed  t h a t  
the  lysosomes of h u m a n  skin  exposed to 10 t imes  t he  
M E D  of U V L  began  s ign i f ican t  lysis a f te r  1 h pos t  irra-  
d i a t i on  and  increased  to a peak  a t  6 -8  h pos t  exposure .  
L i t t l e  effect  of U V L  was observed  on  m i t o c h o n d r i a l  
' m a r k e r '  enzymes  7-9, i nd i ca t i ng  an  acce le ra ted  leakage  of 
acid p h o s p h a t a s e  f rom the  lysosomes.  No a t t e m p t  was 
m a d e  to d e t e r m i n e  the  u l t i m a t e  fa te  of t he  enzyme.  
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Effect of acute UVL exposure in vivo and in vitro on the acid phos- 
phatase activity from hairless mouse epidermis 

UVL exposure 
Acid phosphatase activity 
Epidermis Isolated lysosomes 

None 64.6 61.9 
5 times MED 74.9 58.1 
10 times MED 47.0 56.7 

Irradiation administered as follows: 5 times MED = 0.62 Joules] 
cm ~, 10 times MED = 1.24 Joules/cm ~. 

T h a t  lysosomes m a y  be  i nvo lved  in the  e t io logy of carci-  
nogenesis  is impl ied  b y  s tud ies  w i t h  chemica l s  k n o w n  to  
cause  lysosomal  e n z y m e  release in vi t ro .  Cro ton  oil 1~ a n d  
p h o r b o l  m y r i s t a t e  a ce t a t e  (PMA)~1 increases  t h e  pe rme-  
ab i l i ty  of i so la ted  lysosomes in v i t ro  10 a n d  t h e  release of 
f l -glucurosidase f rom h u m a n  p o l y m o r p h o n u c l e a r  leuko-  
cytes  11. B o t h  c ro ton  oil a n d  P M A  are wide ly  used chem-  
mica l  p r o m o t e r s  of carc inogenes is  a n d  h a v e  been  used as 
a p r o m o t e r  w i th  U V L  as t he  i n i t i a t o r  1~. V i t a m i n  A, wh ich  
increases  t he  p e r m e a b i l i t y  of t he  lysosomal  m e m b r a n e  in 
vi t ro  13, increased  t h e  yield of t u m o r s  on  r a b b i t  sk in  14 a n d  
in t h e  h a m s t e r  cheek  p o u c h  15,1s w h e n  app l ied  s imu l t a -  
neous ly  w i t h  d i m e t h y l b e n z o ( ~ ) - a n t h r a c e n e  (DMBA).  The  
resu l t s  in  th i s  p a p e r  i nd i ca t e  t h a t  b o t h  acu te  a n d  chronic  
U V L  exposure  af fec t  t he  lysosomal  m e m b r a n e  of ha i r less  
mouse  epidermis .  
Mater ials  and methods. I n  all e x p e r i m e n t s  t h e  ep idermis  
was i so la ted  f rom a f lap  of dorsa l  sk in  17 b y  sc rap ing  is. 
Fo r  t h e  in  v ivo  expe r i m en t s ,  t he  ep idermis  was i so la ted  
b y  sc rap ing  f rom t he  de rmis  a f t e r  U V L  exposure  a n d  
homogen ized  in 0.25 M sucrose c o n t a i n i n g  1 m M  E D T A .  
Comple te  lys ing of t he  lysosomes was assured  b y  m a k i n g  
t he  h o m o g e n a t e  0 .2% in T r i t o n  X-100  a n d  t he  20,000 •  
s u p e r n a t a n t  was a s sayed  for acid p h o s p h a t a s e .  W h e n  t he  
effect  of U V L  on t h e  acid p h o s p h a t a s e  a c t i v i t y  in v i t ro  
was to be  de t e rmined ,  t he  ep idermis  was homogen ized  in 
0.25 m M  E D T A ,  cen t r i fuged  a t  2 0 , 0 0 0 •  for 20 rain,  
po r t i ons  i r rad ia ted ,  a n d  t he  acid p h o s p h a t a s e  a c t i v i t y  
de t e rmined .  Acid p h o s p h a t a s e  a c t i v i t y  is r epo r t ed  as t he  
~g p - n i t r o p h e n o l  l i be r a t ed  f rom p - n i t r o p h e n y l p h o s p h a t e  
pe r  ra in  pe r  m g  p ro t e i n  in t he  20,000 • g s u p e r n a t a n t .  

To d e t e r m i n e  t he  effect  of acu te  U V L  exposure ,  5 t imes  
a n d  10 t i m e s  t he  m i n i m a l  e r y t h e m a  dose (5 M E D  a n d  
10 MED,  respec t ive ly )  of U V L  was a d m i n i s t e r e d  f rom a 
W e s t i n g h o u s e  FS-20  lamp.  Mice were sacr i f iced approx i -  
m a t e l y  30 ra in  pos t  exposure  a n d  t he  ep ide rma l  acid 
p h o s p h a t a s e  a c t i v i t y  de t e rmined .  Cont ro l s  were non-  
i r r ad i a t ed  an imals .  

The  d i rec t  effect  of U V L  on  t he  e p i d e r m a l  acid p h o s p h a -  
tase  was d e t e r m i n e d  b y  isola t ing  t he  lysosomal  enzymes  
a n d  a d m i n i s t e r i n g  U V L  f rom a W e s t i n g h o u s e  FS-20  l amp  
a t  t he  same ene rgy  levels as was  a d m i n i s t e r e d  to  the  mice 
in  vivo.  To d e t e r m i n e  t he  effect  of ch ron ic  u l t r av io l e t  
l igh t  (UVL) exposure ,  female  hai r less  mice  (hrhr)  were  
g iven  s u b e r y t h e m i c  i r r ad i a t i on  5 days  pe r  week  for 8 
weeks. Th i s  r eg imen  of U V L  is k n o w n  to  cause  skin  
t u m o r s  if c o n t i n u e d  for 16 w e e k s ' L  Mice were sacr i f iced 
a t  2 -week- in te rva l s  a n d  t he  e p i d e r m a l  acid p h o s p h a t a s e  
ac t i v i t y  de t e rmined .  

Results  and discussion. The  acid p h o s p h a t a s e  a c t i v i t y  
f rom the  skin  of  ha i r less  mice  g iven  10 M E D  is con-  
s ide rab ly  less t h a n  t h e  con t ro l  (table) which  agrees w i t h  
t he  resu l t s  of J o h n s o n  ~ and  F a n d  s. W h e n  on ly  5 M E D  
was given,  however ,  a n  increase  in the  a c t i v i t y  occurred.  
No difference in a c t i v i t y  occur red  w h e n  t he  isola ted en- 
zymes  were i r r a d i a t e d  in v i t ro ,  i nd i ca t i ng  t h a t  loss of 
enzyme,  n o t  i n a c t i v a t i o n ,  occur red  in vivo.  One possible  
e x p l a n a t i o n  is t h a t  a t  t he  5 M E D  level  of i r r ad ia t ion  t he  
p e r m e a b i l i t y  of t h e  lysosomal  m e m b r a n e  is increased,  
a l lowing a slow, c o n t i n u e d  release of enzyme.  The  longer,  
10 MED,  exposure  m a y  cause  lysis of t he  lysosomal  
m e m b r a n e ,  re leas ing  mos t  of t h e  enzyme,  possible  u l t i -  
m a t e l y  to  t he  blood.  
T h a t  chronic ,  s u b e r y t h e m i c ,  U V L  i r r ad i a t i on  causes skin  
cancer  in  hai r less  mice  is well  e s t ab l i shed  19. W h e n  these  
mice were sub j ec t ed  to t he  same  reg imen  of UVL,  t he  
acid p h o s p h a t a s e  a c t i v i t y  s t ays  a b o u t  equa l  to  the  non -  
i r r ad i a t ed  con t ro l s  for 2 weeks a n d  t h e n  begins  to  grad-  
ua l ly  decl ine t o . a  m a x i m u m  a t  8 weeks (figure). Af te r  a n  
in i t ia l  increase  a t  2 weeks, t he  ac t i v i t y  of t he  ep ide rma l  
acid p h o s p h a t a s e  f rom the  n o n - i r r a d i a t e d  cont ro l s  re-  
m a i n e d  equa l  t h r o u g h o u t  t he  8-week-exper iment .  AI- 
t h o u g h  t he  da i ly  chron ic  i r r ad i a t i on  was cons iderab ly  less 
t h a n  t he  acute ,  t h e  decrease  in acid p h o s p h a t a s e  a c t i v i t y  
wh ich  occurs  a f t e r  2 weeks of i r r ad i a t i on  p r o b a b l y  no tes  
a decrease  in t he  s t ab i l i t y  of t he  lysosomal  m e m b r a n e  in  
the  ep idermis  of t h e  i r r ad i a t ed  mice. 
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Effects of chronic UVL exposure on the acid phosphatase activity in 
hairless mouse epidermis. Q--, control; �9 chronic irradiation; 
A--, total accumulated energy (Joutes/cm ~) received through the 
respective week of the experiment. 
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