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E x t r e m e  low t e m p e r a t u r e s  reduced  encapsu l a t i on  in 
C. hesperidum rea red  on  squash ;  deve lop ing  pa ras i to ids  
were de tec ted  in 16 to 24% of t he  pa ras i t i zed  scales. 
H i g h  t e m p e r a t u r e s  h a d  a g rea te r  effect  on t h e  r educ t i on  
of encapsu l a t i on  ; thus ,  in C. hesperidum k e p t  on  d e t a c h e d  
o leander  leaves,  h e a t  r educed  t he  inc idence  of pa ra s i t i z ed  
scales h a v i n g  e n c a p s u l a t e d  eggs to less t h a n  50%,  con- 
s e q u e n t  upon  wh ich  a d u l t  pa ras i to ids  (males a n d  females) 
emerged.  Good resu l t s  of us ing  h igh  t e m p e r a t u r e s  were 
a t t a i n e d  w i t h  S. coffeae rea red  on  p o t a t o  sprouts ,  and  
w i t h  C. hesperidum r ea red  on  squash,  t he  overa l l  bes t  
t r e a t m e n t  be ing  40~ for 24 h before  exposure  to  pa ra -  
sitoids.  No e n c a p s u l a t e d  eggs were found  in e i t he r  of t he  
pa ras i t i zed  scale n y m p h s  sub jec ted  to th i s  t r e a t m e n t ,  
whi le  only  8.2% of t he  y o u n g  S. co/feat females  a n d  7.6% 
of the  y o u n g  C. hesperidum females  c o n t a i n e d  encapsu-  
l a ted  eggs t o g e t h e r  w i t h  deve lop ing  pa ras i to id  larvae.  
Only  28.5% of t he  ' r u b b e r '  s tage females  of S. co/feat and  

5.5% of the  ov ipos i t ing  females  of C. hesperidum escaped 
t he  pa ras i to id ' s  effect  b y  e n c a p s u l a t i n g  all t he  l a t t e r ' s  
eggs. 

The  h e a l t h  and  v igour  of the  h o s t  are a m o n g  several  
fac tors  which  af fec t  t he  occurrence  of a n  encapsu la t ion  
response  n,~a. The  e x t r e m e  t e m p e r a t u r e s ,  to  which  the  
b r o w n  soft  s c a b  a n d  t he  hemisphe r i ca l  scale were sub- 
j ec ted  before  exposure  to  paras i to ids ,  p r o b a b l y  reduced  
encapsu la t ion  by  weaken ing  t he  scale hos t s  b y  a ye t  
u n k n o w n  mechan i sm.  W e  are p r e s e n t l y  r ea r ing  C. hesperi- 
dum a n d  S. coffeae as hos ts  for va r ious  pa ras i to ids  em- 
p loyed  in c u r r e n t  biological  con t ro l  projec ts ,  a n d  the  
f ind ings  here in  r epo r t ed  are fac i l i t a t ing  t h e  mass  rear ing  
of these  paras i to ids .  A full  a c c o u n t  of th i s  and  re la ted  
work  will be  pub l i shed  elsewhere.  

la G. SALT, P a r a s i t o l o g y  53, 527 (1963). 
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Summary. P r o d u c t s  of l ipid pe r ox i da t i on  (malona ldehyde ,  Schiff-bases) were de t ec t ed  in h u m a n  skin. These  p roduc t s  
were increased  a f te r  UV- l igh t  exposi t ion,  on  chron ica l ly  sun-exposed  areas as well  as w i t h  a d v a n c i n g  age. MalonaI-  
dehyde  cross l inked ep ide rma l  g lucose -6 -phospha te -dehydrogenase  and  d imin i shed  the i r  ac t iv i ty .  

I t  is not clear  w h e t h e r  t he  d a m a g e  to h u m a n  skin 
caused  b y  i r r a d i a t i o n  w i t h  UV- l igh t  is effected m a i n l y  
b y  changes  in t he  nucleic  acids, or v ia  a l ab i l i za t ion  of t he  
cell m e m b r a n e s ,  p a r t i c u l a r l y  the  lysosomaI  m e m b r a n e s .  
As far  as t he  l a t t e r  aspec t  is concerned,  l ipid pe r ox i da t i on  
p rov ides  a sugges t ive  concep t ion  b y  means  of which  the  
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Pig. 1. Fluorescence spectrum of the chloroform/methanol extract 
of the human epidermis. A) non-irradiated abdominal epidermis; B} 
after irradiation with 10 MED of UV-light; C) after addition of ma- 
lonaldehyde. 200 mg of epidermis were homogenized in the presence 
of 2 mM of EDTA by means of the TP 18/2 Ultra Turrax (Jahnke & 
Kunkel, Stauffen im Breisgan). Fluorescence in arbitrary units. 

s u n b u r n ,  the  aging of t he  skin and  p r o b a b l y  a n u m b e r  of 
pa tho log ica l  condi t ions ,  such as pho tosens i t i za t ion  and  
l igh t  p r o v o c a t i o n  of skin  diseases,  can  be  explained.  
Af te r  i r r ad ia t ion  w i th  UV-l ight ,  free radicals  a p p e a r  in 
t he  skin 2 and  lysosomal  hydro la ses  are re leased< We 
were able  to  d e m o n s t r a t e  ill h u m a n  surface  lipids and  in 
~he skin,  the  f o r m a t i o n  of l ip id  peroxides  and  also of 
subs t ances  w h i c h  deve lop  in t h e  course of des t ruc t ive  
free rad ica l  r eac t ions  a n d  are pos i t ive  in  t he  t h i o b a r b i -  
tu r ic  acid tes t  (ma in ly  m a l o n a l d e h y d e ) a  6. Min imal  con- 
c e n t r a t i o n s  of these  p r o d u c t s  i n h i b i t  cell r e sp i ra t ion  v. 
B u t  because  of t he i r  h i g h  reac t iv i ty ,  these  p roduc t s  are 
di f f icul t  to  measure ,  and  i t  could  the re fore  only  ind i rec t ly  
be infer red  t h a t  physiological  doses of UV- l igh t  m a y  
cause h a r m f u l  l ipid pe rox ida t i on  in  t he  skin s. 

The  s tab le  f ina l  p r o d u c t s  of l ipid pe rox ida t i on  to be 
found  in the  i n t e rna l  organs  h a v e  been  t h o r o u g h l y  charac-  
te r ized  9. These  are, above  all, 1 -amino-3- imino-propenes  
(Schiff  base products )  wh ich  are fo rmed  b y  a r eac t ion  of 
m a l o n a l d e h y d e  w i t h  amino  groups  and  can  h a r d l y  be 
sp l i t  b y  enzymes.  These  Schiff base  p r o d u c t s  can  be  
ident i f ied  b y  m e a n s  of t h e i r  t yp i ca l  spectroscopic  da ta .  

i We wish to acknowledge  the s u p p o r t  a n d  e n c o u r a g e m e n t  of Dr. 
W. E. HOHN~, I n s t i t u t e  of Phys io log ica l  a n d  Biological  Chemis t ry ,  
H u m b o l d t  Un ive r s i t y  Berl in.  
M. A. PATHAK a n d  K. STRATTON, Arch .  Biochem.  723, 468 (1968). 
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4 H.  ]}IEFFERT a n d  P. Rmc~{, D e r m a t .  Mschr .  155, 948 (1969). 
5 H.  MEFFERT a n d  I. LOltRISCtI, D e r m a t .  Mschr .  157, 338 (1971). 
6 H.  MEFFERT a n d  G. REICH,{ANN, A c t a  biol. reed.  germ.  28, 667 

(1972). 
v H.  5'IEFFERT a n d  I. LOHRISCH, D e r m a t .  Mscbr .  157, 793 (1971). 
s H. MEF~'I~RT, Ch. DItESSLER and B. MEr~ERT, Acta biol. reed. germ. 

29, 667 (1972). 
9 B. L. FLETCHER, C. J .  DILLAR1) a n d  A. L. TAPPEL, Ana ly t .  Bio- 

chem.  52, 2 (1973). 
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Fig. 2. Maximal values of the fluorescence spectrums from the ab- 
dominal (lower curve) or forehead skins (upper curve) of 4 subjects. 
Mean values from repeated tests. 

Fig. 3. Sodium dodecylsulfate gel electrophoresis of epidermal glu- 
cose-6 phosphate dehydrogenase. A) native enzyme; B) after 12 h 
of previous incubation with malonaldehyde in 0.1 M of phosphate 
buffer, pH 7.5. Conditions of eleetrophoresis: 8 mA/tubes; 6 h at 
25~ Reference proteins for the determination of the molecular 
weight: trypsin (23,000), aldolase (40,000), catalase (60,000), ~- 
galaetosidase (135,000). Protein determination was carried out using 
the microbiuret method14. 
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Fig. 4. Inhibition of the glucose-6-phosphate dehydrogenase in de- 
pendence on malondialdehyde concentration and incubation time. 
Enzymatic activity expressed as percentage of the respective con- 
trols without malondialdehyde 15. 

Fi rs t ,  1- to  3-day-old  "Wistar r a t  babies  were i r r ad ia t ed  
b y  a m e r c u r y  h o t  q u a r t z  l a m p  w i t h  8.2 • 107 ergs cm 3, 
wh ich  co r re sponds  to  10 M E D  ( m i n i m u m  e r y t h e m a -  
doses) in  man .  The rea f t e r ,  t h e  an i ma l s  were decap i t a t ed ,  
t he i r  sk in  homogenized ,  t h e  Schiff  base  p roduc t s  ex- 
t r a c t e d  an d  m e a s u r e d  w i t h  a n  M P F - 2 A  H i t a c h i  f luores-  
cence s p e c t r o p h o t o m e t e r  ~. T h e  typ ica l  m a x i m a  b e t w e e n  
360 a n d  390 n m  (exci ta t ion)  a n d  b e t w een  440 an d  470 n m  
(emission) did occur ;  in  n o n - i r r a d i a t e d  an ima l s  t h e y  were 
absen t .  H u m a n  ep ide rmis  s t e m m i n g  f rom the  a b d o m e n  
was s epa ra t ed  f rom t h e  de rmis  a n d  measu red  i m m e d i a t e l y  
a f t e r  excis ion 10. As can  be  seen in F igure  1A, Schiff base  
p r o d u c t s  a re  to  be found  a l r e a d y  in t h e  n o n - i r r ad i a t ed  
ep idermis ;  t he i r  c o n c e n t r a t i o n  increases  a f t e r  i r r ad ia t ion  
w i t h  10 M E D  (p = 0.001; F igu re  1B). To d e m o n s t r a t e  
d i rec t ly  t h a t  m a l o n a l d e h y d e  genera tes  t h e  typ ica l  f luores- 
cen t  p roduc t s ,  we added  0.01 m g  of m a l o n a l d e h y d e  pe r  
mg  of p r o t e i n  to  t h e  ep ide rma l  h o m o g e n a t e  (Figure 1C). 
I n  4 o t h e r  sub jec t s  a c o m p a r a t i v e  s t u d y  of t h e  a b d o m i n a l  
an d  fo rehead  sk ins  was ca r r ied  ou t  (Figure  2). In  t h e  
fo rehead  ep idermis  which  is chron ica l ly  exposed to solar  
r ad ia t ion ,  t h e  c o n t e n t  of f luorescen t  Schiff  base  p r o d u c t s  
was  h ighe r  in  all  cases a n d  t h e i r  c o n c e n t r a t i o n  seems to  
increase  w i t h  a d v a n c i n g  age. 

I t  was  n a t u r a l  to  a s sume  a d i r ec t  co r re l a t ion  b e t w een  
t h e  f o r m a t i o n  of ma l o n a l d eh y d e ,  t h e  d e v e l o p m e n t  of 
cova l en t  b ind ings  (Schiff  base  produc ts )  a n d  the  d a m a g e  
to  b iological  s t ruc tu res .  To ve r i fy  t h i s  a s s u m p t i o n  epi- 
d e r m a l  g lucose -6 -phospha t e -dehydrogenase  (EC 1.1.1.49) 
was i so la ted  n a n d  i n c u b a t e d  w i t h  1 m g  of m a l o n a l d e h y d e  
per  m g  of p ro te in .  There  appeared ,  a f t e r  i ncuba t ion ,  in  
the  sod ium dodecylsu l fa te  gel e lec t rophores i s  12 a second 
p a t t e r n  w i t h  a molecu la r  we igh t  of a b o u t  120,000 D a l t o n  
(Figure 3). Hence,  s u b u n i t s  of t h e  e n z y m e  (molecular  
we igh t  a b o u t  30,000 Dal ton ,  F igure  3) were cova l en t ly  
crossl inked.  To f ind o u t  w h e t h e r  or n o t  the  biological  
func t ion  of t h e  e n z y m e  is a f fec ted  b y  t h e  bindings ,  t he  
e n z y m a t i c  a c t i v i t y  was d e t e r m i n e d  fol lowing add i t i on  of 
0.01 or  1 mg  of m a l o n a l d e h y d e  pe r  mg  of p ro t e in  (Fig- 
ure  4). As c o m p a r e d  w i t h  t h e  controls ,  t h e  e n z y m a t i c  
a c t i v i t y  is d imin i shed .  I n  all  p robab i l i t y ,  t he  add i t i ona l  
cova l en t  b ind ings  effect  a c h a n g e  in t h e  s t r u c t u r e  of t h e  
ac t ive  cen t re  of t h e  enzyme.  

T h e  p r e s en t  f indings  p rove  t h a t ,  a f te r  i r r ad i a t i on  w i t h  
UV-l ight ,  l ipid pe rox ida t ion  reac t ions  t a k e  place in h u -  
m a n  skin.  The re  are closed re l a t ions  b e t w een  lipid per-  
o x i d a t i o n  an d  aging  la as ev idenced  b y  t h e  f ind ings  pre-  
sen ted  in F igu re  2. Usual ly ,  c e r t a i n  regions  of h u m a n  skin  
are exposed to  U V - i r r a d i a t i o n  more  t h a n  others .  B y  
s imple  o i n t m e n t  t h e r a p y ,  h i g h  c o n c e n t r a t i o n s  of effect ive 
subs t ances  m a y  be  ach ieved  in  t h e  skin. Hence,  i t  shou ld  
be possible  t o  reduce  or p r e v e n t  skin  d a m a g e  resu l t ing  
f rom acu te  or chronic  solar  i r r a d i a t i o n  b y  t h e  app l i ca t ion  
of subs t ances  i n h i b i t i n g  l ipid pe rox ida t ion .  
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