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Influ en ce of ir ra di a ti on on col la gen con tent du ring wound

he a ling in di a be tic rats
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ABSTRACT: The aim of the pre sent ex pe ri men tal re se arch was to in ves ti ga te the ef fects of elec tron ir ra di a ti on on the
col la gen con tent and on the or ga ni za ti on of the gra nu la ti on tis sue of skin, in di a be tic rats. In this study, 48 Wis tar rats 
were as sig ned to 4 groups: con trol, ir ra di a ted, di a be tic and ir ra di a ted di a be tic. First, di a be tes mel li tus was in du ced in
the last two groups, by me ans of a sin gle in tra ve nous in jec ti on of strep to zo to cin. Fif te en days la ter, all ani mals un der-
went a sur gery in or der to cre a te an ex ci si o nal wound on the ir an te ri or dor sal skin. On the third post-ope ra ti ve day,
only an ap pro xi ma tely 1-cm-wide area around the wounds was ex po sed to 1 Gy of 6 MeV elec tron beam ra di a ti on,
which was de li ve red in a sin gle dose. Wound he a ling was exa mi ned by me ans of po la ri zed light mi cros copy at 4-, 7-,
13- and 21-day time in ter vals af ter woun ding. Ba sed upon an es sen ti ally qua li ta ti ve eva lu a ti on, it was pos si ble to con -
clu de that lo cal elec tron ir ra di a ti on and di a be tes’ as so ci a ted dysfunc ti ons ca u sed a de cre a se in the col la gen con tent of
newly-for med tis sue, which was more pro noun ced in ir ra di a ted di a be tic ani mals. The ma cro mo le cu lar or ga ni za ti on of
gra nu la ti on tis sue was de la yed in ir ra di a ted, di a be tic and ir ra di a ted di a be tic ani mals, in re la ti on to what was ob ser ved
in con trol ani mals.
DESCRIPTORS: Ra di a ti on; Di a be tes mel li tus; Col la gen; Wound he a ling.

RESUMO: O objetivo desta pesquisa ex per i men tal foi estudar os efeitos da irradiação por elétrons sobre o conteúdo de
colágeno e a organização macromolecular do tecido de granulação, na pele de ratos diabéticos. Para tanto, 48 ratos da
linhagem Wistar foram separados em 4 grupos: controle; irradiado; diabético e diabético irradiado. Inicialmente, a di a-
be tes melito foi induzida, nos dois últimos grupos, por meio da administração intravenosa de estreptozotocina. Após
quinze dias da indução, todos os animais foram submetidos a uma cirurgia para a produção de uma ferida excisional,
na região dor sal an te rior. No terceiro dia pós-operatório, aplicou-se uma dose única de 1 Gy, de feixes de elétrons com
6 MeV de energia, em uma área externa que compreendia cerca de 1 cm lateralmente às bordas das feridas. Amostras
teciduais dos 4 grupos foram examinadas por microscopia de luz polarizada aos 4, 7, 13 e 21 dias pós-operatórios. Por
meio de uma avaliação essencialmente qualitativa, foi possível concluir que a irradiação lo cal por elétrons e as
disfunções associadas à di a be tes determinaram um decréscimo no conteúdo de colágeno do tecido neoformado, que
foi mais pronunciado nos animais diabéticos irradiados. A organização macromolecular do tecido de granulação
apresentou-se retardada nos animais irradiados, diabéticos e diabéticos irradiados, em comparação com os animais
do grupo controle.
DESCRITORES: Radiação; Di a be tes mellitus; Colágeno; Cicatrização de feridas.

INTRODUCTION

Although io ni zing ra di a ti on is un ques ti o nably
one of the me di ci ne’s most use ful to ols for diag-
nostic and the ra pe u tic pur po ses, its cli ni cal ap pli-
ca ti ons of ten re sult in de le te ri ous ef fects. The sig -
ni fi cant ra di o bi o lo gi cal da ma ges, in the form of
poor wound he a ling, are in flu en ced by the pa ti-
ent’s syste mic he alth con di ti ons8.

Fi bro blasts are in vol ved in the synthe sis of col la-
gen, glyco sa mi nogl ycans (GAGs), pro te ogl ycans and

ad he si ve glyco pro te ins, and are re cog ni zed as ha-
ving es sen ti al im por tan ce in wound he a ling17.
Wound con trac ti on has been as cri bed to fi bro blas tic
ac ti vity4,20. Re gar ding cer ta in physi cal agents which
have ma jor im pact on the suc cess or fa i lu re of
wound he a ling, se ve ral sci en ti fic in ves ti ga ti ons sug -
gest that io ni zing ra di a ti ons inhi bit fi bro blasts pro li-
fe ra ti on through a di rect me cha nism9,15,20. Bern ste in
et al.2 (1994) sta ted that lo cal ir ra di a ti on may in du ce
morp ho lo gi cal and physi o lo gi cal al te ra ti ons in fi bro-
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blasts, which may ap pe ar as lar ge, unu su al stel la te
cells, the so-cal led “ra di a ti on fi bro blasts”.

Di a be tes mel li tus has been cli ni cally and ex pe-
ri men tally as so ci a ted with im pa i red wound he a-
ling5,7,18,23. Pre vi ous stu di es have in de ed found data
to sup port evi den ce of dysfunc ti ons in polymor-
phonuclear le u kocy tes, ma crop ha ges and fi bro-
blasts, with a pro lon ged in flam ma tory pha se, de -
cre a sed bi osynthe sis of col la gen and GAGs, which
re sult in sig ni fi cant de lay in the for ma ti on of gra -
nu la ti on tis su e3,5,12,16,22,23.

Des pi te the gre at num ber of cur rently ava i la ble
 experimental re se ar ches in ra di o bi o logy, few in-
ves ti ga ti ons have fo cu sed on the syner gis tic rela -
tionship bet we en pre-exis ting di a be tes and lo cal
elec tron ir ra di a ti on. The re fo re, the aim of the pre -
sent work was to study the com bi ned ef fects of di a-
be tes mel li tus and a low dose of elec tron ra di a ti on
on skin col la gen con tent and on the or ga ni za ti on of 
the gra nu la ti on tis sue.

MATERIAL AND METHODS

The ex pe ri ment was car ri ed out with 48 male
Rat tus nor ve gi cus Albi nus, Wis tar stra in, we ig hing
200-250 g. The ani mals were ran domly di vi ded
into 4 groups: con trol, ir ra di a ted, di a be tic and ir -
ra di a ted di a be tic. The ex pe ri men tal pro to cols were 
ap pro ved by the Ethi cal Com mit tee for Ani mal Re -
se arch, Insti tu te of Bi o logy, Sta te Uni ver sity of
Cam pi nas (CEEA).

After 16 hours of fas ting, di a be tes mel li tus was
in du ced by in jec ting strep to zo to cin dis sol ved in ci -
tra te buf fer (0.01M, pH 4.5), in a sin gle dose of
35 mg/kg of body we ight, into the pe nis vein, un -
der et her anest he sia. The con trol rats re ce i ved an
in jec ti on of sa li ne so lu ti on at the same vo lu me.
The pro gress of the di se a se was mo ni to red we ekly,
with the uti li za ti on of Gli co-fita® (Lilly – Bra zil).
Other pa ra me ters used to cha rac te ri ze the di a be tic
sta te of the ani mals were poly dip sia and we ight
loss. Pol yu ria was also ob ser ved, but not quan ti ta-
ti vely me a su red.

Fif te en days af ter in duc ti on, all ani mals were
anest he ti zed with 3% pen to bar bi tal so di um, in a
sin gle dose of 40 mg/kg of body we ight, ad mi nis-
tered in tra pe ri to ne ally, and un der went a surgi -
cal pro ce du re in or der to make a stan dar di zed
 ex ci sional rec tan gu lar skin wound me a su ring
2.5 x 1.5 cm on the an te ri or dor sal re gi on. On the
third post-ope ra ti ve day, only an ap pro xi ma tely
1-cm-wide area around the wounds was lo cally
ex po sed to 6 MeV elec tron beam ir ra di a ti on with

a sin gle dose of 1 Gy. The elec tron be ams had
uni form pe ne tra ti on to a depth of 1 cm in the
skin11. The wound and the rest of the ani mal’s
body were ot her wi se shi el ded by 4 mm of lead.

Wound he a ling was exa mi ned at 4, 7, 13, and
21-day time in ter vals af ter woun ding. Under 3%
pen to bar bi tal so di um anest he sia, the en ti re wound
re gi on, with li be ral mar gins of sur roun ding skin,
was ex ci sed in depth to in clu de un derl ying con nec ti-
ve tis su es abo ve the ex ter nal fas cia of the dor sal
mus cles. The ex ci sed skin was fi xed in 10% for ma-
lin, dehy dra ted in gra ded al co hol so lu ti ons, em bed-
ded in Pa ra plast® plus (Oxford Lab wa re) and cut in
5-µm-thick se ri al sec ti ons. Tis sue sec ti ons were exa -
mi ned by me ans of po la ri zed light mi cros copy.

For spe ci fic iden ti fi ca ti on and eva lu a ti on of the
ma tu ra ti on of col la gen fi bers, some tis sue sec ti ons
were sta i ned with picro si ri us red (PSR). The sec-
tions were de pa raf fi ni zed, hydra ted, and sta i ned
for 1 h in a 0.1% so lu ti on of Si ri us Red dis sol ved in
sa tu ra ted pi cric acid. By me ans of his to che mi cal
re ac ti on with col la gen mo le cu les, PSR enhan ces
the nor mal bi re frin gen ce of col la gen types I, II, III,
and IV14. Under po la ri zed light, the co lor of
PSR-sta i ned col la gen va ri es as a func ti on of the
struc tu ral and bi o che mi cal pro per ti es of the col la-
gen fi bers. The spec trum of co lors in clu des gre en,
yel low, oran ge, and red, in a pro gres si ve way ac -
cor ding to the pac king of col la gen mo le cu les14.

In or der to de tect li ne ar dich ro ism, ot her pro -
ces sed sec ti ons were sta i ned with 0.025% to lu i di-
ne-blue aque ous so lu ti on, at pH 4.0. Li ne ar dich -
ro ism is re la ted to the ma cro mo le cu lar as so ci a ti on
bet we en GAGs and col la gen fi bers. When sta i ning
is car ri ed out, to lu i di ne-blue mo le cu les ar ran ge
them sel ves along the col la gen fi bers, ac cor ding to
the dis po si ti on of GAGs mo le cu les. This pro du ces
li ne ar dich ro ism, when tis sue is exa mi ned un der
po la ri zed light. Dich ro ism only ap pe ars when ori -
en ted as so ci a ti on bet we en GAGs and col la gen fi-
bers is set tled, which, on the ot her hand, in di ca tes
the ma cro mo le cu lar or ga ni za ti on of the granula-
tion tis sue.

RESULTS
PSR his to che mi cal re ac ti on

4th post-ope ra ti ve day
In con trol ani mals, alt hough the first popula-

tion of col la gen fi bers ex hi bi ted po la ri za ti on co lors
in the red-oran ge ran ge, col la gen was spar se and
im ma tu re. In the gra nu la ti on tis sue from the ir ra-
di a ted ani mals, the pre do mi nant po la ri za ti on co -
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lors were in the oran ge-yel low ran ge, im plying even
more spar se and im ma tu re col la gen fi bers, in com -
pa ri son to con trol ani mals. Spe ci mens from di a be-
tic ani mals ex hi bi ted in ten se yel low-gre en bi re frin-
gen ce, which suggests that the col la gen con tent
was re du ced and col la gen fi bers were very lo o sely
pac ked. Irra di a ted di a be tic ani mals’ spe ci mens
pre sen ted sig ni fi cantly hig her fre quency of gre e-
nish-yel low po la ri za ti on co lors than the di a be tic
spe ci mens, con sis tent with we akly bi re frin gent fi -
bers. Com pa ring the lat ter group to the ir ra di a ted
ani mals’ spe ci mens, one would in fer that con tras-
ting re duc ti on in col la gen con tent was mar kedly
evi dent.

7th post-ope ra ti ve day
As a con se quen ce of the evo lu ti on of granula -

tion tis sue, the pat tern of po la ri za ti on co lors
chan ged. Col la gen fi bers ex hi bi ted gra du al in-
cre a se in the wa ve lengths of po la ri za ti on co lors,
from con trol to ir ra di a ted di a be tic spe ci mens.
Col la gen fi bers from con trol spe ci mens ap pe a red
more pac ked and pre su mably, bet ter alig ned,
which sug gests the be gin ning of ma cro mo le cu lar
or ga ni za ti on of gra nu la ti on tis sue. The gra nu la-
ti on tis sue of ir ra di a ted ani mals ex hi bi ted po la ri-
za ti on co lors from red to oran ge, which in di ca tes
an in cre a se in col la gen con tent, even though fi -
bers were still im ma tu re. Com pa ring the di a be tic
and ir ra di a ted di a be tic groups with the group of
ir ra di a ted ani mals, it was pos si ble to no ti ce an
in cre a se in the fre quency of oran ge and yel low
col la gen fi bers in both di a be tic groups, whe re as
a very low amount of red fi bers were ob ser ved. In
irradia ted di a be tic ani mals, ho we ver, col la gen
ap pe a red more spar se and im ma tu re in re la ti on
to di a be tic ani mals.

13th post-ope ra ti ve day
In the spe ci mens from con trol ani mals, it was

pos si ble to ob ser ve an in ten se red bi re frin gen ce,
in di ca ting the con cen tra ti on of more tightly-pac-
ked ma tu red col la gen. The gra nu la ti on tis sue from 
ir ra di a ted ani mals ex hi bi ted less pac ked in ter me-
di a te col la gen fi bers in com pa ri son to the con trol
group, as ex pres sed by some foci of oran ge-yel low
bi re frin gen ce. In re la ti on to the 7th post-ope ra ti ve
day, both di a be tic and ir ra di a ted di a be tic groups
in de ed had an in cre a se in oran ge and red bi re frin-
gen ce. On the ot her hand, com pa ring the se two
groups to the ir ra di a ted group, it was pos si ble to
in fer that, in spi te of the in cre a se in col la gen con -
tent, col la gen fi bers were not so pac ked as in the

ir ra di a ted spe ci mens. In fact, in the gra nu la ti on
tis sue of ir ra di a ted di a be tic ani mals, col la gen fi-
bers were even more lo o sely pac ked.

21st post-ope ra ti ve day
The gra nu la ti on tis sue of con trol ani mals pre-

sen ted the most ele va ted pat tern of red bi re frin-
gen ce, in re la ti on to the spe ci mens from the ot her
groups stu di ed in this re se arch (Fi gu re 1A). In this
pha se, the gra nu la ti on tis sue from ir ra di a ted ani -
mals also ex hi bi ted a sig ni fi cant in cre a se in red bi -
re frin gen ce, ho we ver, not with the same in ten sity
ob ser ved in the con trol spe ci mens (Fi gu re 1B). In
com pa ri son with the his to lo gi cal fin dings of the
13th post-ope ra ti ve day, gra nu la ti on tis sue from di -
a be tic ani mals pre sen ted a sig ni fi cant in cre a se in
red bi re frin gen ce, which was not only con sis tent
with an in cre a se in col la gen con tent, but also with
the be gin ning of ma cro mo le cu lar or ga ni za ti on of
gra nu la ti on tis sue (Fi gu re 1C). Con cer ning the ir -
ra di a ted di a be tic group, red bi re frin gen ce was
 clearly evi dent. Ho we ver, com pa ring the se spe ci-
mens with tho se from ir ra di a ted and di a be tic ani -
mals, it was pos si ble to ob ser ve that gra nu la ti on
tis sue had a pro gres si vely lo wer amount of pac ked
col la gen fi bers (Fi gu re 1D).

Exa mi na ti on of li ne ar dich ro ism 

Con trol and ir ra di a ted ani mals
On the 4th post-ope ra ti ve day, the re was no

dich ro ism in both con trol and ir ra di a ted groups.
On the 7th post-ope ra ti ve day, dich ro ism was evi -
dent in the con trol, but it was still not pre sent in
the ir ra di a ted group. On the 13th and 21st post-ope-
ra ti ve days, dich ro ism was cle arly evi dent in the
con trol and ir ra di a ted groups.

Di a be tic and ir ra di a ted di a be tic ani mals
On the 4th, 7th and 13th post-ope ra ti ve days, the re

was no dich ro ism in the di a be tic and ir ra di a ted di a-
be tic groups. On the 21st post-ope ra ti ve day, the
gra nu la ti on tis sue pre sen ted a very cle ar dich ro ism
in both di a be tic and ir ra di a ted di a be tic groups.

DISCUSSION

Con cer ning fi bro pla sia, the ap pe a ran ce of gra -
nu la ti on tis sue fol lo wing PSR sta i ning cor ro bo ra-
tes the sus pec ted de lay in this event, for ir ra di a-
ted, di a be tic and ir ra di a ted di a be tic ani mals. On
the 4th post-ope ra ti ve day, it was pos si ble to no ti ce
a con si de ra ble dif fe ren ce in bi re frin gen ce in ten-
sity, which was more pro noun ced in con trol ani -
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mals. Ho we ver, this cha rac te ris tic was very sub tle
in the spe ci mens from ir ra di a ted di a be tic ani mals.
In spi te of the pro gres si ve in cre a se in bi re frin gen-
ce, con si de ring the evo lu ti on of the gra nu la ti on tis -
sue, on the 21st post-ope ra ti ve day, the gra nu la ti on
tis sue from con trol ani mals pre sen ted a hig her
amount of col la gen fi bers, which were more tightly
pac ked than tho se of the ir ra di a ted, di a be tic and
ir ra di a ted di a be tic ani mals. The cha rac te ris tics
ob ser ved in the spe ci mens from ir ra di a ted di a be tic
ani mals, which were more se ve re in com pa ri son
with tho se from ir ra di a ted and di a be tic ani mals,
sug ges ted that 1 Gy of 6 MeV elec tron ir ra di a ti on,
de li ve red in a sin gle dose, has po ten ti a ted the de le-
te ri ous ef fects of di a be tes mel li tus on fi bro pla sia.
The se re sults high light two hypot he sis: 1) a de-
crease in the bi osynthe sis of col la gen might have
oc cur red; and 2) du ring the or ga ni za ti on pro cess,
the newly-for med col la gen fi brils did not be co me
as clo sely pac ked as tho se in the gra nu la ti on tis -

sue from con trol ani mals. That could be at tri bu ted
to struc tu ral da ma ges in col la gen or al te ra ti ons in
the me ta bo lism of GAGs.

A sig ni fi cant re duc ti on in col la gen fi bers con tent
in the gra nu la ti on tis sue from di a be tic ani mals was
ob ser ved by Dev lin et al.5 (1996), Ten grup et al.18

(1988), Spa nhe i mer et al.16 (1988) and We rin ger,
Arquil la21(1981). Ten grup et al.18 (1988) men ti o ned
that a per sis tent in flam ma tory re ac ti on with ac cu-
mu la ti on of poly morp ho nu cle ar le u kocy tes might
partly ac count for the low col la gen con tent in gra -
nu la ti on tis sue, sin ce the se cells con ta in col la gen
de gra ding enz ymes, e.g. col la ge na se. On the ot her
hand, We rin ger, Arquil la21 (1981) ob ser ved that fi -
bro blasts from he a ling wounds of di a be tic hams-
ters con ta i ned ir re gu la ri ti es in the ir cyto plasm,
which were in di ca ti ve of in ter nal de ge ne ra ti on.
They pro po sed that this oc cur red pro bably in res -
pon se to an al te red ex tra cel lu lar en vi ron ment, for
exam ple, high glu co se, ede ma, and low in su lin.
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FI GU RE 1 - Pho to mi cro graphs of the gra nu la ti on tis sue on the 21st post-ope ra ti ve day. A: con trol ani mal; B: ir ra di a ted
ani mal; C: di a be tic ani mal; D: ir ra di a ted di a be tic ani mal. (pi cro si ri us red sta i ning - ori gi nal mag ni fi ca ti on:
6.3 x 1.25 x 10).



Vi zi o li19 (1971) sta ted that the or ga ni za ti on of
the gra nu la ti on tis sue is only es ta blis hed when the
synthe sis of GAGs re a ches its ma xi mum. In this
study, it was pos si ble to ob ser ve li ne ar dich ro ism
in con trol and ir ra di a ted spe ci mens on the 7th and
13th post-ope ra ti ve days, res pec ti vely, which evi-
den ced that gra nu la ti on tis sue was be gin ning its
ma cro mo le cu lar or ga ni za ti on. The se his to lo gi cal
fe a tu res are in agre e ment with tho se des cri bed by
Mon te i ro13 (1999). With res pect to both di a be tic
groups, li ne ar dich ro ism was de tec ta ble only on
the 21st post-ope ra ti ve day. The de la yed ma cro mo-
le cu lar or ga ni za ti on of the gra nu la ti on tis sue in ir -
ra di a ted ani mals al lo wed us to sup po se that ir ra-
di a ti on might not only have ne ga ti vely in flu en ced
fi bro pla sia, but has also re tar ded the synthe sis of
GAGs. The lon ger de lay in de tec ting dich ro ism in
the spe ci mens from di a be tic and ir ra di a ted di a be-
tic groups sug gests that di a be tes might also have
ne ga ti vely in flu en ced the me ta bo lism of GAGs. Ta -
king into ac count that li ne ar dich ro ism was de tec-
ta ble on the 13th post-ope ra ti ve day in the spe ci-
mens from ir ra di a ted ani mals, we may in fer that
the de le te ri ous ef fects of di a be tes mel li tus are more 
in ten se than the ra di o bi o lo gi cal da ma ge ca u sed by 
lo cal elec tron ir ra di a ti on.

Drózdz et al.6 (1981) sug ges ted that the in flu en-
ce of ir ra di a ti on on con nec ti ve tis sue le ads to the
de gra da ti on of ground subs tan ce and ob ser ved
that ir ra di a ti on pro du ced se ve re dis tur ban ces in
the me ta bo lism of GAGs. The di rect me cha nism of
the se chan ges, ho we ver, is still unk nown. Hu gen-
berg et al.10 (1989) ob ser ved that x-ir ra di a ti on with
do ses of 10, 100 and 500 Gy de ter mi ned a reduc -
tion in the synthe sis of sul fa ted GAGs. Alme i da1

(1997) found lo wer quan ti ti es of GAGs in the gra -
nu la ti on tis sue from ir ra di a ted ani mals and pro-
po sed three ex pla na ti ons: 1) a re duc ti on in the bio -
synthesis of GAGs; 2) a de lay in the synthe sis

GAGs; and 3) struc tu ral da ma ges in GAGs mo le-
cu les. Sin ce GAGs are synthe si zed by fi bro blasts,
which in turn are vul ne ra ble to the ef fects of io ni-
zing ra di a ti ons, we might sup po se that the de cre a-
se in re ac ti ve GAGs con tent may be re la ted to a re -
duc ti on in the po pu la ti on of fi bro blasts in the
ir ra di a ted tis sue, as well as to func ti o nal altera-
tions in the se cells.

Accor ding to Ce chows ka-Pas ko et al.3(1999), in -
su lin is the main hor mo ne re gu la ting the me ta bo-
lism of car bohy dra tes. GAGs are com po sed of ami -
no he xo ses and uro nic acids. Both subs tan ces are
pro ducts of the me ta bo lism of glu co se, so it se ems
re a so na ble to in fer that in su lin de fi ci ency may also 
ca u se dis tur ban ces in the me ta bo lism of GAGs.
They ob ser ved a sig ni fi cant re duc ti on of GAGs in
the skin of di a be tic rats as a re sult of a de cre a se in
the bi osynthe sis of GAGs, es pe ci ally the sulfa ted
ones. Clark4 (1988) men ti o ned that gra nu la ti on
tis sue con ta ins pre do mi nantly a non sul fa ted GAG, 
con sis tent with hya lu ro nic acid, du ring the ini tial
4 days of he a ling, but la ter on it con sists ma inly of
sul fa ted GAGs. The se ma cro mo le cu les aggre ga te
with a cen tral pro te in for ming pro te ogl ycans, which,
in turn, in cre a se tis sue re si li en ce. The re fo re, a de -
cre a se in skin re si li en ce is anot her con se quen ce of
the di a be tic sta te.

CONCLUSION

Du ring the pe ri od in which wound he a ling was
eva lu a ted, it was pos si ble to ob ser ve that lo cal
elec tron ir ra di a ti on and di a be tes mel li tus ca u sed a
de cre a se in the col la gen con tent of the gra nu la ti on
tis sue, which was more ac cen tu a ted in ir ra di a ted
di a be tic ani mals. With re gard to the ma cro mo le cu-
lar or ga ni za ti on of the gra nu la ti on tis sue, the ini -
tial sta ge of this pro cess was de la yed in the spe -
cimens from ir ra di a ted, di a be tic and ir ra di a ted
di a be tic ani mals, in re la ti on to con trol ani mals.
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