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Effect of ultraviolet radiation on the free radicals formation in hypothyroid rat’s liver
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Prolonged exposure to sunlight or solar simulated UV irradiation (SSUV) leads to oxidative stress in tissues. The
literature data concerning the effect of this factor on hypothyroidism are controversial. The aim of this study was to
investigate the influence of hypothyroidism and UV radiation on free radicals formation in rat’s liver. After one week of
adaptation, hypothyroid model was developed in 4 weeks, by continuous administration of 0.01% 6-n-propyl-2-
thiouracil in the drinking water of male Wistar-Albino rats. Hypothyroidism was confirmed by the significant reduction
of blood free thyroxin (approximately 0.44 ng/l, while 18 ng/l in the controls). The model was also proved by the loss of
both appetite and body weight gain of the hypothyroid rats. During the 6-th week of the experiment, half of the PTU
treated rats were irradiated with SSUV lamp for 60 min, divided into 4 portions with respective 15 min breaks. After
decapitation, the accumulation of free radicals in rats’ livers was measured spectrophotometrically using MTT-assay.
Data were presented as percentage of the corresponding data for controls.

Alone, SSUV irradiation increased, while hypothyroidism decreased the free radicals accumulation in the rat liver.
This was in agreement with the literature data about the individual effects of these factors on the oxidative stress. When
the SSUV irradiation was applied on the hypothyroid rats, the relative increase of the free radicals in the liver was much
higher than that in the livers of SSUV irradiated normothyroid animals.
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increased free radicals production [16,17], although

the interrelation is complicated. The oxidative
stress in subclinical hypothyroidism has been

INTRODUCTION

Prolonged exposure to sun or solar simulated

UV (SSUV) irradiation leads to accumulation of
free radicals in the skin [1], immune suppression
and synthesis of excessive proinflammatory
cytokines, all resulting in oxidative stress in
different tissues [2,3]. The sunburn and UV-
radiation are major factors for set-up and
development of UV-initiated diseases [4-7].
Clinical, biochemical and histological observations
showed that both humans and animals develop
hypothyroidism during long lasting spaceflight [8].
This has been associated with effects of sub-
apoptotic doses of UVC [9], which compromised
thyrocytes proliferation and the expression of genes
involved in thyroid hormones production.

Thyroid hormones are involved in setting of the
basal metabolic rates in the liver [10] and in
decreasing of the oxidative stress-induced toxicity
both in animals and humans [11,12]. But literature
data about oxidative stress levels in hypothyroidism
are controversial. Thyroid dysfunction was
associated with enhanced oxidative stress [13] due
to reduced antioxidant defense [14,15] and
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associated with secondary hypercholesterolemia to
thyroid dysfunction, but not to the hypothyroidism
per se [18]. Other experimental data proved that the
decreased metabolic rates due to hypothyroidism
can diminish the tissue damages, opposing the
deleterious effects of both increased free radicals
and incapacitated antioxidant defense [19-21].

As thyroid hormones are involved in the control
over the oxidative stress in a very complex manner,
and the pre-exposition to solar (or solar simulated)
UV radiation tends to initiate oxidative stress in
tissues, the question arises about the effect of the
prolonged exposition to sun or SSUV radiation on
individuals with hypothyroidism.

In the present work, the effect of systemic pre-
exposition to SSUV radiation on the free radicals
production in the liver of hypothyroid rat model
was estimated. The aim of the study was to monitor
the individual and mutual effects of SSUV and
hypothyroidism on the free radicals accumulation
in the liver, and to compare this parameter with the
corresponding level for the control animals. The
accumulation of free radicals in a tissue is among
the major factors for developing of the oxidative
stress, later resulting in tissue damage. The free
radicals accumulation was monitored by using
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spectrophotometric method, with MTT as a marker
molecule. The activity of xanthine oxidase was
estimated using uric acid as a marker.

MATERIALS AND METHODS

Animal model: 30 male Wistar albino rats of
body weight 135+5 g were separated in 4 groups
named C (control), UV (normothyroid rats exposed
to SSUV), PTU (hypothyroid rats) and PTU+UV
(hypothyroid rats exposed to SSUV), housed in
transparent standard containers. All animals were
treated in agreement with the General regulations
for treatment of experimental animals, established
by the Ethic Committee at the Medical University
of Sofia, in agreement with the “Guide to the care
and use of Experimental Animal Care” (Canadian
Council on Animal Care Guidelines, 1984).

After one week of adaptation, the groups PTU
and PTU+UV were provided with 0.01% (w/w)
aqueous solution of 6-n-propyl-2-thiouracil (Sigma-
Aldrich), ad libitum for 5 weeks. The water and
food consumptions were measured everyday, at the
same hour, and data were used to calculate the
average daily food and water consumption of one
animal of a group. The body weight of the rats was
measured two times per week, and the weekly body
weight gain of an animal in a group was estimated.
The average daily dose of 6-n-propyl-2-thiouracil
consumed by the model animals was 16+3
mg/kgsw. At the end of the fourth week of the
experiment, FT, was measured for each group.
During the 5-th week, the normothyroid UV group
and the hypothyroid PTU+UV group were exposed
to ultraviolet radiation, by using UV lamp (type
“Helios” 125W, IBORA, Bulgaria). The lamp
combined UV (180 — 400 nm) and IR sources
adjusted to mimic sunlight. The SSUV source was
positioned at a distance of one meter from the
animals’ cage. The two groups were irradiated for
15 min four times per day, with periods of 15 min
pause between sessions.

Preparation of the supernatanta: After the 7-th
day of SSUV-exposure all animals were
decapitated under anesthesia (Urethane, 2 mg/100 g
BW). Livers were extracted and homogenized in
sonified ice-cold PBS (50 mM, pH 7.45) solution of
0.04% BHT (for preventing the autooxidation with
oxygen in the air). The homogenates were prepared
using “Mechanik Prezsizna” type 302 homogenizer,
at a speed of 2500 rpm and 20 vertical movements
of the vessel. After centrifugation at 4°C and 2500
rpm for 10 min in a centrifuge (JERNETZKI K24),
the supernatanta was collected and stored in ice-
cold bath.

The amount of proteins in the supernatanta was
determined as described by Stoscheck [22].

Xanthine oxidase activity assessment: The
activity of xanthine oxidase was determined by
measuring the relative change of the absorbance at
293 nm due to transformation of xanthine to uric
acid, in a quartz cuvette, as previously described
[23]. Briefly, one milliliter of the cuvette contained
0.02 ml xanthine solution, 0.02 ml supernatanta,
and 0.96 ml PBS, against reference cuvette
containing PBS. The blank measurement was
performed by estimation of the relative change of
the absorbance at 293 nm in a sample in PBS alone,
with reference cuvette containing PBS. The amount
of uric acid formed in the cuvette for one minute
was calculated after subtracting the relative change
of the absorbance at 293 nm measured in the blank
sample. The activity of xanthine oxidase was
calculated in mU/mg proteins, one unit of the
enzyme being the amount needed to convert 1
umole of xanthine to uric acid for one minute at
25°C. To assess the effect of the treatment on the
xanthine oxidase activity, the latter was presented
as a percentage of this for the control group.

Measurement of the free radicals accumulation:
The accumulation of free radicals in the liver
supernatanta was evaluated using a marker
molecule named MTT (Nitroblue tetrazolium
bromide; Sigma-Aldrich) [23,24]. In presence of
free radicals MTT transforms to formazan [25],
with characteristic absorbance at 578 nm [25,26].
Recently, MTT has been successfully used in
evaluations of free radicals accumulation in
presence of pharmaceuticals [24,27], plant extracts
[28,29] and animal tissues [30], proving to be very
efficient and cheap. One ml of the cuvette
contained 0.02 ml liver supernatanta, 0.02 ml
xanthine, 0.1 ml MTT and PBS. The relative
change of the absorbance at 576 nm was monitored
for 5 min. The amount of MTT formazan formed
for one minute in the presence of supernatanta,
containing 1 mg proteins was calculated, and then
data were presented as percentage of these for the
control animals.

Statistical analysis. All parameters were
presented as percentages of the corresponding
parameter for the control animals. The activity of
the xanthine oxidase and the formation of MTT-
formazan were treated as two factors, each of them
having four levels (“control”, ‘“hypothyroid”,
“SSUV- irradiated”, and “hypothyroid and SSUV-
irradiated”).

The statistical significance of the mean values
and standard deviations for each factor were
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analyzed using Bartlett test, followed by ANOVA
and Bonferoni post-test.

RESULTS

The hypothyroidism was achieved at the end of
the 4-th week, as proved by both low free thyroxin
(0.44+0.31 ng/l compared with 18.41+0.28 ng/l for
the controls), loss of appetite, as well as by the loss
of weight gain (p<0.01, Figure 1).
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Fig. 1. Effect of 6-n-propyl-2-thiouracil on the body
weight gain (BW, % of the 1-st week) of the
experimental animals: 1 (0)- body weight of the control
norm thyroid animals (group C); 2 (O)- body weight of
the normothyroid rats exposed to SSUV-radiation (group
UV); 3 (A)- body weight of the hypothyroid animals
(group PTU); 4 (<)- body weight of the hypothyroid
animals exposed to SSUV-radiation for one week (group
PTU+UV).

In agreement with literature [31-33], the loss of
the body weight gain was associated with the
decreased appetite of the animals, due to drastically
decreased thyroid hormones levels.

Our data, presented in Figure 1, suggested that
the hypothyroidism was the main factor for the loss
of body weight gain (p<0.001). The SSUV
exposure resulted in a slight but statistically
significant (p<0.05) additional body weight loss for
the normothyroid group.

When applied alone, SSUV treatment increased,
while 6-n-propyl-2-thiouracil decreased the activity
of xanthine oxidase, compared with the control
group (Figure 2).

The activity of xanthine oxidase in the livers of
the hypothyroid rats (group PTU) was (47+4)% of
this in the livers of the control animals. This
decrease could be related with the decreased overall
metabolic rates of the animals due to 6-n-propyl-2-
thiouracil-induced hypothyroidism [18, 20,21].

After one week of SSUV irradiation, the
xanthine oxidase activity in the liver relatively
increased to (115+1)% and (170+2)% for
normothyroid and hypothyroid rats, respectively,
compared to this in the livers of the corresponding
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untreated groups. In accordance with previously
published data, this increased activity can be
explained with adaptation-related oxidative stress
[2,3].
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Fig. 2. Effects of SSUV-radiation and

hypothyroidism alone and in combination on the activity
of xanthine oxidase (|:|) and on the production of
MTT- formazan () in the liver homogenate of the
model animals: Control — control group, PTU-
hypothyroid rats, UV- normothyroid rats exposed to
SSUV-radiation for 1 week, PTU+UV- hypothyroid rats
irradiated for 1 week with SSUV. Data are presented as
percentages of the corresponding parameters for the
control group (* - p<0.05, **- p<0.01, *** - p<0.001).

However, we found, that even after SSUV
exposure, the activity of xanthine oxidase in the
livers of the group PTU+UV was still significantly
lower than this of the control group. Statistical
analysis suggested that in the hypothyroid-induced
suppressed metabolism, the effect of the SSUV
induced adaptive oxidative stress (p<0.001) due to
the domination of xanthine oxidase activity in the
rat liver.

The formation of MTT-formazan in the liver
was enhanced due to SSUV irradiation to (148+3)
%. In the hypothyroid state, the MTT-formazan
decreased to (35+£17) % in comparison with control
animals. The SSUV exposure resulted in relatively
more MTT-formazan in livers of normothyroid
(148+3) % and hypothyroid (182+11) % rats,
compared with the corresponding SSUV- untreated
groups. The statistically significant (p<0.001)
collective effect of SSUV and hypothyroidism on
the MTT-formazan in the rat livers (64+11) %,
compared to this of the control group (100+17) %
indicated the prevailing impact of the SSUV.

DISCUSSION

As the MTT-formazan was formed by
interaction of MTT with free radicals [23-30], its
appearance in presence of our model systems
indicated free radicals formation. In our
investigation, the formation of free radicals in the
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liver supernatanta was prompted by addition of
xanthine to the system. The increased content of
xanthine provided enough substrate for xanthine
oxidase to produce uric acid and reactive oxygen
species [34,35].

Our study proved that, if applied alone, the 6-n-
propyl-2-thiouracil-induced hypothyroidism
decreased, while the SSUV-radiation increased the
xanthine oxidase activity and free radicals liver
accumulation. The former effect was associated
with the decreased metabolic rates in the
hypothyroid rats, while the latter was associated
with adaptive UV-radiation induced oxidative
stress.

The effects of the SSUV radiation on both
xanthine oxidase activity and free radicals
accumulation were stronger within the hypothyroid
than within the normothyroid rats.

CONCLUSIONS

1. SSUV irradiation and hypothyroidism alone
result in opposite effects on the oxidative stress in
rat’s liver: the former increases, while the latter
decreases the free radicals accumulation in the liver
tissue.

2. The SSUV treatment of hypothyroid rats
resulted in less free radicals in their livers than
these accumulated in the livers of normothyroid
animals.

3. The relative increase of the oxidative stress in
the hypothyroid rat’s liver is higher than this in the
normothyroid animal.
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E®EKT HA VJIITPABUOJIETOBOTO OBJIIOUBAHE BbPXY ObPA3YBAHETO HA
CBObOHU PAINKAIJIN B YEPEH APOb HA IINIBXOBE C XUIIOTUPEOUIN3BM
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[IpoabmkuTeTHOTO 0OTBbYBAHE HA 3/IpaBU ThKaHU ChC CUMYIJHpPaHa CIbHUEBA yaTpaBuoseToBa paauaius (CCYBP)
BOJM OKHUCIHUTEICH cTpec B TsaX. JlureparypHure naHHU 3a edekra Ha TO3U (AKTOp MPH XUIOTHPCOUIM3BM Ca
npotuBopeuuBu. Llen Ha ToBa u3cieaBaHe Oe Ja ce MPOyYH BIMSHUETO Ha XUMOTHpeouansMa u YB paauanusata BbpXy
00pa3yBaHETO Ha CBOOOJHHM pajuKaiu B uepeH apo0 Ha rurbX. CrieJl eIHOCeIMHYHA ajanTalis Ha MBXKKH Oenu
IUTBXOBE OT JIMHUATA BUCTap, XHIIOTHPEOHIN3MBT y TAX Oellle OCTHTHAT Ype3 XpPOHWYHO agMuHuCTpupane Ha 0.01%
6-n-nponmi-2-THoypanu (MPOMUII) B MUTEHHATa UM BoAa 3a 4 ceAMHUIN. XHUIOTHPCOUAM3MBT O¢ TOTBBPACH OT
3HAYUTEIHOTO HAaMaJeHHWE Ha THPOKCHMHA B KPBBTa Ha MOAENHHUTE >KUBOTHH (okomo 0.44 ur/m, mpu 18 Hr/m 3a
HOPMOTHUPEOUJHUTE IUTBXOBE). XHUIIOTUPCOUAUIMBT O€ MOTBBPJCH M OT 3ary0bara Ha ameTut, U OT 3a0aBeHOTO
OTHOCHTEITHO HapacTBaHE Ha TEJIECHOTO TETJI0 Ha MOJCIHUTE KUBOTHH.

IIpe3 mectara ceamulla Ha ONMUTA, MOJIOBUHATA OT TPETUPAHHUTE C MPOMMIIUI IIHXOBE 0sXa OONBUBAHH C JIAMIIA,
cuMynMpaiia cibHueBa YB paguanus B npoabipkeHne Ha 60 MUHYTH, TPYNIUpPaHd B 4 paBHU MHTEpBaJIa, C MEXIUHHU
MIPEKBCBAHUS OT MO 15 MUHYTH.

Crnen gexanuTHpaHe Ha ONMUTHUTE KUBOTHU, HATPYNBAHETO HA CBOOOJHU PAJAMKAIN B YepHHUS ApoO Oe m3cieaBaHo
cnekrpodoToMeTprudHo, ¢ npuinaranero Ha MTT-meroauka. Pesynrarute 3a MonenHara rpyna 0sixa npeicTaBeHH KaTo
MIPOLIEHT OT ChOTBETHUTE JJAHHU 32 KOHTPOJHATA TPyIIa.

[punoxenn nootnenno, CCYBP yBenuuaBaiie, OOKaTO XUINOTUPEOWIU3MBT HaMalsBallle HATPYNBAHETO Ha
cBOOOJIHY paiiKajd B 4epeH qpod Ha mrbX. To3u pe3yarat O6e B ChIIIaCHe C JINTEPATYPHUTE TaHHU 33 MHIUBUIYAITHUTE
epexT Ha Te3u (akTopH BBPXY okuciautenaHus crpec. Crnen npuinarane Ha CCYBP BbpXy XHITOTHPEOUIHHU TLTHXOBE,
HATPYTBAaHETO Ha CBOOOIHU paJWKadd B YepHHS MM ApoO Oemre MHOTO MO-TONSIMO OT TOBa B HYEpHHSA ApPoO Ha
TPETHUPAHU I10 CHINHS HAYUH HOPMOTHUPECOUIHH KUBOTHH.
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