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Variations in thc e n z y m a t ic  behaviour o f  irradiated  e p id e r m is  
as í'unction o f  age and le s ió n  lo ca liza t io n

M. K. IT O IZ  and A. C. C. l 'R A S C Il
I k - p a r t a n u n t o  i lc R a d i o b i o l o g í a ,  C o m Í M o n  N a c i o n a l  ele K n i ' i g i a  A t ó m i c a ,
f i l í e n o s  A i r e s ,  A r g e n t i n a

f l i t u i v e d  12 A ’o v r m b c r  IV7() ;  a c c e p t e d  2 6  J a n u a i  v IV77)

1. Introduction
Kailicr r epor t s  liavc descr ibed var iat ions of  tlu- epi thel ial  responso to liigh 

doses of  X-rays  del ivered to the  tail ep ide rmis  of nevv-honi  rats.  T h e r e  is a 
gradual  t issue necrosis  as a cons equence  of thi#changes  p r odn ee d  by irradiat ion.  
Uefore ulcerat ion starts,  t he  ep ide rmis  shows  variat ions,  cha racter i zed by an 
acanthosis  vvith considerable  u l t r as t ructura l  a l tcrat ions and hyperke ra t inizat ion  
(tle Rey and  Cabrini ,  1973, de Rey,  Cont i ,  Cabr ini  and Kle in -Szan to  1976, 
Itoiz, Frasch,  Volco and Kle in -Szan to  1974, de Rey and Kle in -Szan to  1972) 
as wel! as al terat ions in the  con ten t  o f  S i l  and S - S  g r oups  (F rasch,  Itoiz,  Volco 
and Cabr ini  1976) and  of  acid phospha tase  ( Itoiz et a!. 1974), bo th  indicat ing 
al tcrat ions in the  p r od uc t ion  of  ho rn y  substance.

T h e r e  have also been repeated repor t s  on glycolytic me tabo l i sm modificat ions,  
shovving a cons tan t  decrease in en zy me  activities related to the  K reb s  eyele, 
and an increase in those associated with the pentose  shu n t  (Cabrini ,  Itoiz,  Mayo,  
Smolko  and  Kle in -Szan to  1970, Ke l in -Szan to  and  Cabrin i  1971), K le in-Szan to ,  
Cabrini ,  i toiz and Volco 1974). T h e s e  enzymat ic  var iat ions develop to a 
r emarkab le  extent ,  as in the case of  g lncose-6 -phospha tase  dch ydrogenase  which,  
in some  ir radia t ion condi t ions ,  t rebles  the  activity fo und  in normal  epi thel ia.  
Consequen t ly ,  thc activi ty of  these enzymes  could be used as possiblc detec tor  
ol skin r adiat ion damage.  It therefore  seemed  interes t ing to s tu dy  the  inf lucnce 
ot o the r  tactors,  such as age or  s t r uc tu re  of  the i r radia ted arca,  which migh t  
modify the dt 'gree of  enzym e  response.

2. Materials and niethod*
Tin W'istar rats,  3 and 12 days oíd,  w'ere i r radia ted on the  r ight  solé (a 

hairlcss arca) and  on thc  distal t h i rd  por t ion  of  the tail. T h e  rest of  the bod y  
was pro tec ted with a lead shield.  T h e  left solé and thc  próxima!  two  th i rds  of  
the tail were used as un- i r r adia t ed  Controls.

I r r adiat ion condi t ions were:  230 kV, 13 inA, with filters of  0-25 m m  Cu  
and 1 1 1 1 1 1 1  A!; witli a dose -rat e  of 501) r ad /m in .  Single total dose:  16 krad.  
The dosimet ry  was carr icd out  s imul taneous ly  wi th a S im pl e s  Univer sal  Dosi-  

nicter  with a low cnergy X- ray  dos ime tr i c  chamber .
T h e  animal s  were sacrificed 4 days  af ter  ir radiat ion.  Botli soles and  (he 

tail of each animal  were sect ioned at the same t ime,  wi thou t  previot is lixation.  
using a crvostat .

T h e  sect ions were s ta ined with thc usual haematoxyl in  eosin (II  I i ) tcchni( |ue 
and with his tochcmical  tcchnicjucs for demon s t r a t i on  of  g lu cose -6 -phospha te



deh ydrogenase  ( ( i l . h .ph  Dh) ,  succinic deh ydrogenase  (S I )h )  and  lactic d e h y d r o ­
genase  ( L D h )  (Nacidas ,  ' l ' sou,  De Souza,  C h a n g  and Sel igman 1957, Hess,  
Scarpel l i  and l’earse 1958). Var ia t ions of  tile epi thel ial  th ickness  were deter -  
mine d  in the  11 li s t a ined sect ions by direct  m e a su r m e n t s  wi th a mic ron ie t r i c  
eyepiece.  T h e  ep idemia l  en zy me  activities were d e t e r m in e d  vvith a mic ro-  
spe c t ro p h o t om e te r  prov ided  witli an au tomat i c  stage (Zeiss Cytoscan) .  T h e  
me th odo log y  of  ep i demia l  en zy me  activi ty detei  minat ions  has been desc r ibed 
by Kle in -S zan to  and  Cabrin i  (1970),  K le in -S za n to  et al. (1974) and  I toiz et al. 
(1974).

T h e  total  enzymat ic  con ten t  ( T E C )  of the  epi thel ial  layers,  except  tha t  of  
the  l iorny layer,  was de te rm in ed  by a in i c r ospec t ropho tomet r i c  scann p e r p e n d i ­
cular  to the  basal m e m b r a n e ,  i.e. in the  basa l -horny  direct ion.  ' l ' he  mean  
en zy me  concent ra t ion  ( M E C )  was de te rm in ed  by dividing the  T E C  by the  
ep i dem ia l  thickness ,  which  was equivalcnt  to the  lengtli  of  the  scanning.  ' l 'he 
M E C  in fact r ep resent s  the a m o u n t  of  en zy me  activity per  vo lum e  unit .

T o  co m par e  and average the  data  of  di t í erent  animals ,  an expe r i men ta l /  
cont rol  rat io was used.  Each arffnial’s cont rol  and  i r radiat ed  ep ide rmis  w'ere 
sect ioned s imul taneously,  so tha t  the  use of  the  above me n t i on ed  rat io avoided 
possible er ror s  in t r od uc ed  by sect ion- th ickness  var iat ions be tween different  
samples.

3. Resulls
3.1. E pidem ia l thickness

All animals,  par t i cular ly the  you nger  ones,  showed  abnormal i t i es  in the  
sp inous  and  g ranu la r  layers.  Fur t l ier tnore,  the  increase in thickness  was larger  
in the  tail t han  in the solé (figure 1).
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F ig u re  1. E p id e m ia l th ick n ess d e te rm in e d  on 11-E sec tio n s w ith  a  m ic ro m e tric  eye p iece. 
O rd in a te s  show  th e  ra tio  R E/C  b e tw een  e x p erim en ta l an d  co n tro l valúes. A ll 
an im áis w ere  k illed  4 days a fte r  irrad ia tio n . B ars in d íca te  m ean  valúes fro m  five 
an im als ±  1 s ta n d a rd  e rro r. p * # P ro b ab ility , ca lcu la ted  w ith  S tu d e n t’s te s t  u sing  
p a ired  ex p erim en ta l and  co n tro l d a ta  o f each  an im al. P *  P ro b ab ility , ca lcu la ted  
w ith  S tu d e n t’s test be tw een  th e  d itfe ren t reg ions a n d  ages u n d e r  s tu d y .

3.2. V ariations uj the enzym e a c tiv ity
T h e  total en zy me  con ten t  ( T E C )  of  SDl i  and  L D h  inc reased in all cases 

s tudied,  except  in the  solé of  7 -day-old  animals.  T h e  L D h  increases are smal ler ,



par t icularly for solé. I lie M K C  values decrease,  except  the t í l )h  1 1 1  solé 16 
days,  ind icat ing a sinaller availabil i ty of  bo th  enzymes  pe r  uni t  voluine.  In 
all cases the  inost  im po r t a n t  var iat ions occur  in the tail and  in the  younger  
«miniáis, a p h e n o m e n o n  coincident  vvith the morpholog ical  al terat ions.

G l . ó .p h  U h  showed  a reactive increase in bo th  T K C  and  M E C  in all the 
cond i t ions  s tud ied  ( t igure 2). As with the o the r  enzymes  tested the largest 
var iat ions vvere found in the  young er  animals.  Al though  the total  con ten t  
of this enzy me  is higher  in the tail t han  in the  solé, the vveaker acan thot ic  react ion 
in ihe lat ter  is r esponsible  for the h igher  M K C  valúes in that  región.

S  U L CI N IC 
D t H Y D R O G E N A S L

I 51

uj 2 0

I b ■

i 0>

1 16 
SOLE

0*1

" i r-

1

:- 4 i
005

m

7
TAIL

L A C T IC
D E I I Y D R O G E N A S E

».C .AS ATlOK

G L U C O S E  -6 - PH O S P H A T E  
D E H Y D R O G  E N A S E

0 0 2  .
< o & i p * i 0 05 ,06

tg\

SOLE
7 16 AGE IN DAYS 

TAIL REGION

F ig u re  2. T o ta l enzym e c o n te n t (T K C ) and  m ean  enzym e c o n c e n tra ro n  (M liC )  o f  succ in ic  
dch y d ro g en ase , lactic  d eh y d ro g en ase  an d  g lu co se -6 -p h o sp h a te  dehydrogenase-, 
O rd in a te s  show  th e  ra tio  be tw een  irrad ia ted  and  con tro l values. All an im als  w ere  
killed 4 days a fte r  irrad ia tio n . Ilars in d íca te  m ean  va lúes from  five an im als ±  1 
s ta n d a rd  e rro r. p**--=Probability , ca lcu la ted  w ith  S tu d e n t’s test u sin g  p a ired  
ex p erim en ta l and  con tro l d a ta  o f each  an im al p* P ro b ab ility , ca lcu la ted  
w ith  S tu d e n t’s test b e tw een  th e  d if íe ren t reg ions and ages u n d e r s tu d y .

4. Discussion
T h e s e  data  conf i rmed p rev ious  results r ega rd ing  the  dccrcase of  S I ) h  and 

L l ) h  a nd  the  increase in (>1.6.ph Dh,  in the tail of  7 -day-old  animal s  (Kle in -  
Szanto  and  Cabrin i  1970, Kle i n -S za n to  et al. 1974). T h e  decrease in S D h  
indicates  a r educ t ion  in the enz yme  activities of the K rebs  eyele. T h i s  ph eno -  
m e no n  coincides with the decrease in volunte fract ion o f  mi to chon dr ia  per



volume uiiit, d em ons t r a t e d  in epi thel ia i r radia ted uit l i  similar  doses (de Rey 
et al. 1976).

On tlu- o the r  l iand, tile inereased activi ty of the  pen tose  shu n t  could p roduce 
a larger an i oun t  ot in t e rmed ía te  p r od u e t s  for the  synthes is  of  RN A ,  which eould 
in t u r n  be used for the synthesi s  of  p roteins  du r i ng  kerat inizat ion (Hernstein,  
Chakrabar t i  and  K u m a r o o  1970). Consec|uent ly,  before necrosis  of  the 
epi thel i imi  occurs,  t he  acanthosis  and hyperke ra tosi s  usual ly associated v\ith 
enzyme changes  can be und ers too d  as an abor t ive defensive r esponse of  the 
ep ide rmis  or  as a sp e ed ing -u p  of  the  dif ferent iat ion and cellular  dea th  mech an i sms  
normal ly  taking place in squ an ious  epithelia.

T h e  present i ind in gs  show  that y o u n g  aninials suffer larger m orp h olog ica l  
and e n z y m e  alterations o f  the  e p id erm is  w h en  ex p o sed  to radiation. T h e  
alterations vary accord in g  to the  región stu d ied .  Hovvever, ev e n  th o u gh  the  
acanthos is  is not very p ro n ou n ced ,  as for ex am p le  on the solé, the  response  
of the e n z y m e s  is significantly  difterent from  that ot the  Controls.

T h e  dif ferences obse rved be tween *the solé and  the tail seeni to indícate 
that  the  p resence of  liair follicles in the  tail increases the  degree o f  dam age  
p roduced .  It has been d em on s t r a t e d  tha t  the  enz yme  activi ty of  normal  
ep id e rmis  undergoes  Huctuat ions,  dep e nd in g  on the ha i r ’s grovvth-cycle (Argyr is  
1976). I la i r  follicles are very radiosensi t ive and  the  damage  caused to thein 
by radiat ion is p robab ly  ref iected direct ly or  indirect ly in the  me tabol i c activi ty 
of  the  epidermis .

Ano the r  p h e n o m e n o n  deserving at ten t ion is tha t  vascularizat ion dif ferences 
be tween the  solé and  the  tail can also inf luence the intens i ty of the  epidermical  
r esponse to radiat ion.  T h e  whole ci rculat ion of the  tail de pe n d s  on a large 
central  ar te ry  and  two  small  lateral b ranc hes  vvhich, if d am age d  early by radiat ion,  
impa ir  the  ent ir e b lood su pp ly  of the su be p id e rm is  región.  In the  solé, this 
al terat ion develops  slowly because the re  is a far more  complex blood-vessel  
net  (G r ee n e  1968). I t  is therefore  necessary to establ ish clearly the  degree of 
interrelat ion be tween the  epidermical  r esponses and the sub jacen t  vascular  
al terat ions.  At  present ,  s tudies  are being  carr ied ou t  to evalúate this  in t e r ­
relation.
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