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EFFECTS OF X-IRRADIATION ON THE SKIN 

I. Histochemistry of acute changes in the epithelial structures*

AMAL K. KURBAN AND FAUD S. FARAH 

Tnterest in the biologic effects of irradia
tion and methods of their detection has be
come of importance during recent decades 
because of increasing use of and exposure 
to radioactive substances. The superficial 
anatomical position of the skin makes this 
organ accessible to accidental as well as 
intentional irradiation from a variety of 
sources. Furthermore, the skin is readily 
available for observation and study and 
thus lends itself well to the evaluation of 
irradiation effects. 

There are many gaps in our knowledgc 
of the mechanisms of tissue response to 
ionizing radiation. Consequently the study 
of cellular and metabolic changes may help 
in the understanding of the biological ef
f ects of irradiation. The present study is 
concerned with the histological and histo
chemical changes induced in the epithelial 
structures of the skin following a single 
dose of X-irradiation. 

Materials and Methods 

Guinea pigs, about 500 gms each were 
shaved with electric clippers. Each animal 
received a single dose of 4000 r (HVL 1.18 

mm Al) delivered by a skin contact X-ray 
unit' at 50 KV, 2 ma, 4.2 cm FSD and r 
mm Al filter. Similar non-irradiated guinea 
pigs served as controls. 

' Phillips. 

Biopsy specimens were removed from 
irradiatecl skin sites and from comparable 
areas of the skin of control animals at 
3-hourly intervals for the first 24 hours
and then every 24 hours for 3 to 4 weeks.
The following procedures were performecl
on each biopsy specimen:

I. Paraffin Sections

a. Hematoxylin and Eosin (H.E.).
b. Toluidine Blue 0.5 M pH 4.0 (T.B.).
c. Periodic Acicl Schiff-Alcian Blue with

and without pretreatrnent of the tissue
sections with diastase (PAS-AB) (16).

d. Barnett-Seligman's Dihydroxy-Dinaph
thyl Disulfide (DDD) method for Sulf
hyclryl ( -SH) and Disulfide (S = SJ
groups utilizing blockage of - SH groups
with iodoacetate and then recluction of
S = S to - SH by potassi um cyanide ( r) .

e. Feulgen Reaction for Desoxyribonudeic
Acid (DNA) before and after treat
ment of tissue sections with Desoxy
ribonuclease (DNase) in veronal buffer
pH 7.5 (r6).

f. Methyl green-Pyronin Reaction for
Ribonucleic Acicl (RNA) before and
after treatment of tissue sections with
Ribonuclease (RNase) (16).

g. Acridine Orange (A. 0.) before and
after treatment of tissue sections with
DNase and RNase (17).
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Fig. 1. Guinea pig skin. Epidcrmal changes 3 days after irradiation. HE X280. 

h. Thioflavin (T.T.) before and af ter treat
mcnt of tissue sections with DNase and
RNase (8).

II. Reactions for Enzymatic Activities

a. Alkaline phosphatase-using sodium
alpha naphthyl phosphate and Fast Blue
Salt B at pH 10.5-r 1.0 (g).

b. Acid phosphatase-using sodium alpha
naphthyl phosphate and Fast Blue Salt 
B at pH 5.0 (16).

c. Beta Glucuronidase-using ferric hy
droxyquinoline method ( 16).

d. Succinic Dehydrogenase using sodium
succinate and Nitro BT at pH 6.7 (16). 

e. Glucose-6-phosphatase using a substrate
of potassium glucose-6-phosphate and
lead nitrate at pH 6.7 (16). 

f. NADP'-specific Glutamate Dehydro
genase (GluDH/NADP) (6).

g. NAD'-specific Glutamate Dehydrogen
ase (GluDH/NAD) (6).

h. Mala te Dehydrogenase (MHD) (6).
i. NADP-specific Malate Enzyme (ME)

(6).
j. Glyccrine - r -phosphate Dehydrogenase

(GDH/NAD) (6).
k. Lactate Dehydrogenase (LHD) (6).
1. NADP-specific Isocitrate Dehydrogen

ase (ICDH/NADP) (6).

m. NAD-specific Isocitrate Dehydrogenase
(ICDH/NAD) (6).

n. Glucose -6-phosphate Dehydrogenase
(G6PDH) (6).

Appropriate controls were studied in all 
the above histochemical rcactions. 

Results 

A. Changes during the f irst post-irradiation
week

a. Epidermis
Definite changes in the epidermis had be
come obvious by the 3rd to 4th post
irradiation day. The basal cell layer showed 
progressive degeneration and the prickle 
cell layer displayed abnorma! mitoses, pyk
notic nuclei, micronuclei, dispersed chro
matin granules and swollen cytoplasm. The 
granular cell laycr became more prominent. 
These abnormalities are readily demon
strable with the H. & E. stain (Fig. 1). 
There was a dccreased reaction for the 
sulfhydryl c-SH) groups, but no signifi
cant change in the disulfide linkages (S=S). 
The epidermal nuclei showed a decreased 
fluorescence with Thioflavin T (TT) (fig. 
2). With Acricline Orange (AO) the nuclei 

' NAD and NADP stand for Nicotinomide-Adenine-Dinucleotide and Nicotinomide-Adenine
Dinucleotide Phosphate respectively. 
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Fig. 2. Guinea pig skin. a) unirradiated, showing bright fluorescence of nuclei in thc epidermis, 
b) decreascd fluorescence of epidermal nuclei 6 days after irradiation. T.T. X450. 

appeared as bizarre-shaped empty spaces. 
The nuclear desoxy1·ibonucleic acid (DNA) 
gave a decreased reaction with the Feulgen 
technique. Around the 3rd post-irradiation 
day desoxyribonuclease (DNase) failed to 
digest completely the nuclear material. The 
cytoplasmic ribonucleic acid (RNA) showed 
a transient decreased reactivity with methyl 

green-Pyronin stain. Ribonuclease (RNase) 
however, retained its ability to digest the 
RNA material. 

Forty-eight hours following irradition 

there was a sharp decrease in the Beta
glucuronidase activity of the epidermal 
cells. This reactivity, however, slowly re
turned to the pre-irradiation intensity by 
the end of the first week. GluDH/NADP, 
GluDH/NAD, MDH, ME, GDH/NAD, 
LDH and ICDH/NAD showed a markedly 
reduced activity in the epithelial structures 
as of the fourth post-irradiation day (Fig. 
6). 
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Fig. 3. Guinea pig skin. a) unirradiated, b) 7 days after irradiation. GDH/NAD X280. 

6. Stratum Corneum

The changes in the stratum corneum <luring
the first post-irradiation week were seen
to advantage with the AO stain. Normally
this layer fluoresces with a bright yellow
orange color. By the 2nd day after irradia
tion a band of bluish fluorescence appeared
in the lower part of the stratum corneum.
By the 3rd to the 6th day the entire stratum
corncum fluorcsccd with a light bluc color.

c. Appendagcs

The effects of irradiation on the hair fol-

licles were comparable to those described 
for the epidermis. The cells of the matrix 
had degenerated and accumulated P AS
positive, diastase-labile material. The bulbs 
became shrunken and the pigment granules 
became coarse. The PAS-positive vitreous 
membrane appeared thickened and irregu
lar. The Feulgen reactivity of the cells of 
the matrix was decreased and there was a 
mild diminution in the stainability with 
Methyl-green-Pyronin. Beta-glucuronidase 
reaction showed a sharp decrease. The 
guinea pig scbaceous glands manifested an 
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Fig. 4. Guinea pig skin. a) unirradiated, b) 7 days after irradiation. LDH X280. 

initial increase in the activity of alkaline 
phosphatase followed by a decrease and 
eventual disappearance as the glands dc
generated. 

2. Changes during the sceond
posr-irradiation week

There was a gradual progression of the 
alterations in the epidermis. Marked atrophy 
and hyperkeratosis were observed. Subepi
dermal vesicles may form. In the hairs the 
bulb was reduced to a thin cord of C('lls 

and thc vitreous membrane was thicker and 
more coiled. Scbaceous glands were hardly 
scen. 

3. Changes af ter the second

post-irradiation week

By the 3rd week, there was superficial 
ulceration with epidermal hypenrophy at 
the edges of the ulcers. There was strong 
PAS reaction at the ulcer base. Repair of 
the ulceration started from the hyperplastic 
epidemrnl horders and was compkte by the 
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3rd to the 4th week. There was no re

growth of hair or of sebaceous glands with 
the X-ray dosage employed. 

There were no detectable changes in the 
acid phosphatase, succinic dehydrogenase, 
glucose-6-phosphatase, G6PDH and ICDH/ 
NADP reactions in the guinea pig skin 
<luring the first three weeks after irradia
tion. 

Discussion 

The results have been presented in relation 
to defined periods of time following ir
radiation for the sake of convenience. Un
doubtedly no sharp delineation exists, since 
the effects are smoothly progressive throug
out the period of observation. 

Several workers have reported on the 
gross and histologic changes in the skin 
following irradiation (s, r 41 r 5, 19

1 
ro, 12). 

Our findings are in agreement with these 
workers and confirm the two-phase ulcera
tion in the guinea pig skin described by 
Mellet et al. (12). It is evident that the 
epi thelial structures of the skin are qui te 
susceptible to the effects of ionizing ir
radiation and early gross changes in the 
cells become manifest. The more subtle 
changes, as detected by histochemical 
means, comprise changes in the DNA-RN A 
structures in the epithelial cells as well as 
in the enzymatic processes therein. 

The change in the DNA and RNA of the 
epithelial cells following irradiation is evi
denced by the decreased reactivity with the 
Feulgen and Methyl-green Pyronin stains 
respectively; as well as the marked change 
in the fluorescence of the epithelial cells 
with both T.T. and A.O. The inability of 
DNase to act on the nuclear DNA follow
ing irradiation may signify a major change 
in the DNA molecular structure. 

Even though hyperkeratosis ensues as a 
result of the irradiation, the keratin formed 
seems to be different from the normal 
keratin as evidenced by the altered pattern 
of fluorescence with A.O. The early marked 
decrease in sulfhydryl groups (-SH) in the 
epithelial cells may be due to either a 
masking effect on these radicals or to an 
oxidation from - SH to -SS bands. Barron 
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et al. ( 2), studying the in vitro effects of 

X-rays on various enzymes, postulate a
possible oxidation of - SH groups of pro
teins by products of water irradiation.
Daniels and coworkers (4) studying the
effccts of ultraviolet irradiation on human
skin found that degenerated cells show an
increascd reaction for S = S and - SH
groups.

Few investigators have reported the ef
fects of irradiation on enzyme systems. 
Barron er al. (2) have studied the effects 
in vitro. Mollura and coworkers ( 13) found 
no demonstrable change in the activity of 
alkaline phosphatase in the duodenum, 
spleen, kidney, !iver and mammary glands 
of the mouse following total body irradia
tion. Rich et al. (18) on the other hand, 
showed a decrease in the activity of alka
line phosphatase, acid phosphatase and 
Glucose-6-phosphatase of the rat kidney 
following abdominal X-irradiation, and 
Wilkins et al. C 20) demonstrated decreased 
alkaline phosphatase activity in bone fol
lowing irradiation. W oodard and Spiers 
( 2 r) also show ed decreased alkaline phos
phatase activity in mouse bone following 
irradiation and they concluded that the de
creased activity was due to a depression in 
the production of the enzyme. Karcher ( 7) 
demonstrated in rabbit skin a decrease in 
the activity of succinic dehydrogenase, 
DPN diaphorase and non-specific estarases. 
Brun i and Mazza (3, 11), on the other 
hand, showed increased activity of alkaline 
phosphatase, and alpha-naphthyl and Tween 
esterases in guinea pig skin following ir
radiation. 

With these varied reports, the interpreta
tion of the changes in the different enzyme 
systems following irradiation remains ob
scure. In addition, it is not clear whether 
the ionizing irradiation affects the enzymes 
directly or indirectly by inhibition of their 
fom1ation or by non-specific blockage of 
the enzyme systems by the damaged cells. 
One would also keep in mind the possi
bility of tissue and species differences as 
far as the effects on any one enzyme. The 
varied responses in different enzymes may 
signify derangements in specific metabolic 
pathways in the irradiated cells. 
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SUMMARY 

The acute changes in the epithelial struc

tures of the guinea pig skin following a 

single dose of X-rays are de.monstrablc 
with routine histological techniques as well 
as histochemical methods. The epidermal 

basal cell layer and the matrix of the hair 

follicles show the earliest degenera tive 
changes. Both DNA and RNA structures 

in the epithelial cells show disturbances, 

but the changes are more apparent with 

DNA. Even though there is an early effect 

on the quantity of reactive -sH groups in 
the epidermis, the ultimate effect on the 

epidermal function is the formation of 
keratin that seems to differ ch€'mically 
from the normal. 

Different enzyme systems respond dif
ferently to irradiation. In particular, the 
activities of beta-glucuronidase and most 
of the dehydrogenases in epithelial cells 

show an early marked decrease. Alkaline 

phosphatase activity in the sebaceous gland 

shows an initial increase and then decrease. 

REFERENCES 

1. Barnett, R. J. and Seligman, A. M.: Dem
onstration of Protein-Bound Sulfhydryl 
and Disulfide Groups by Two New Histo
chemical Methods. J. Nat. Cancer lnst. r3: 
215, 1952. 

2. Barron, E. S. G., Dickman, S., Muntz, J. A.
and Singer, T. P.: Studies on the Mecha
nism of Action of Tonizing Radiations,
1. Gen. Physiol. 32: 537, 1949.

3. Bruni, L. and Mazza, A.: Histochemical
Studies on the Effects of Ionizing Radia
tions on the Enzyme Reactions of the Skin
in Guinea Pigs. 1. Alkaline and Acid Phos
phatases. Minerva Derm. 3T ro4, 1962.

4. Daniels, F., Brophy, D. and Lobitz, W. C.:
Histochemical Responses of Human Skin
Following Ultraviolet Irradiation. J. lnvest.
Denn, 37: 35r, 196r.

5. Devik, F.: A Study of the Local Roentgen
Reaction on the Skin of Mice, with Special
Reference to the Vascular Effects. Acta
Radio/. Suppl. 119, 1955.

6. Hess, R., Scarpelli, D. G. and Pearse
1 

A. G. E.: The Cytochemical Localization
of Oxidative Enzymes. IL Pyridine Nu
deotide-linked Dehydrogenases. 1. Bio/1hys.
Biocliem. Cyt. 4: 753, 1958.

ACTA DERMATO-VENEREOLOGICA 

7. Karcher, K. H.: Die Wirkung exogener
und cndogener Faktoren auf die Strahlen
reaktion der Haut. IV. Mitteilung Enzy
matische Untersuchungen iiber die Wir
kung von Externa auf die Strahlenreaktion
der Haut. Strahlentherapie I 16: 70, 1961.

8. Kurban, A. K.: Fluorescent Stain for Amy
loid. An easy histological differentiation
between cutaneous amyloidosis, colloid
milium and senile elastosis. Bull. Johns
Hopk. Hosp. 107: 3201 1960.

g. Kurban, A. K., Farah, F. S., lssa, P. and
Abu Haydar, N.: Acute Irradiation Effects
on the Alkaline Phosphatase Activiry of
the Guinea Pig Sebaceous Gland. I. lnvest.
Derm. 39: 3

1 
1962.

10. Lacassagne, A. and Gricouroff, G.: Action
of Radiatio11 on Tissu.es. An lntroduction
ta Radiotherapy. Grune and Stratton lnc.,
New York and London, r958.

11. Mazza, A. and Bruni, L.: Histochemical
Studies on the Effects of Ionizing Radia
tions on the Enzyrne Reactions of thc Skin
of Guinea Pigs. Il. Alpha-naphthyl and 
Tween Esterases. Minerva Derm. 37: 134,
1962.

12. Mellett, P. G., Walter, J. B. and Hough
ton, L. E.: Two-Phase Ulceration in Guinea
Pig Skin Following Local lrradiation with
X-rays. Brit. i. Exp. Pa1h. 41: 160

1 
1960.

13. Mollura, J. L. and Goldfeder, A.: Alkaline
Phosphatase Activity in Various Mouse
Tissues Following Total Body Irradiation.
Amer. J. Physiol. 186: 224

1 
1954.

14. Montagna, W. and Chase, H. B.: Histology 

and Cytochemistry of Human Skin. X.
X-irradiation of the scalp. Amer. 1. Anat.
99: 415, 1956,

15. Montgomery, H.: Pathologic Histology of
Radiodermatitis, in Cipollaro, A. C. and
Crossland, P. M.: X-rays and Radium in
the Trearment of Diseases of the Skin.
Lea & Febiger, Philadelphia, 1967.

16. Pearse, A. G. E.: Hisrochemistry, Theo
retical and App/ied. Little, Brown & Co.,
Boston, 1960.

17. Raskin, J.: Fluorescence Microscopy in the
Diagnosis of Cutancous Malignancy. Arch.
Derm. (Chicago) 82: 965, 1960.

18. Rich, J. G., Glagor, S., Larsen, K. and
Spargo, B.: Histochemical Studies of Rat
Kidney after Abdominal X-irradiation.
Arch. l'ath. 72: 26, 1 g6I, 

19. Warren, S.: Effects of Radiation on Nor
mal Tissues. XIII. Effects on the Skin.
Arch. Path. 35: 340, 1943.

:20. Wilkins, W. E. and Regen, E. M.: The In-



EFFECTS OF X-IRRADIATION ON THE SKIN 

fluence of Roentgen Rays on the Growth 

and Phosphatase Activity of Bones. Radiol

ogy 22: 674, 1934. 

71 

2r. Woodard, H. Q. and Spiers, F. W.: The 
Effects of X-rays of Different Qualities 
on the Alkaline Phosphatase of Living 
Mouse Bone. Brit. 1. Radio/. 26: 38

1 
1953. 




