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AIM: To observe the effects and its mechanism of
photosensitization of bilirubin on ascitic hepatoma
{Hep A) cells. METHODS: After the cells were
illuminated under the light (1.0 x 10° 1x) for 10
min, deoxy[*H]thymidine was added for DNA syn-
The cells were dved with 0.5 % try-
RESULTS: The cell
mortality of luminated groups were much higher
than that of dark groups (P<{0.01). The inhibi-
tions of DNA synthesis of illuminated groups were
stronger than that of dark groups (P < (.01).
The cell mortality and inhibition of DNA synthesis

of illummated groups were positively dependent up-

thesis assay.

pan blue and were counted.

on the concentrations of bilirubin and illuminating
time. No difference of DNA synthesis between
room light tllumination groups and dark groups { P
< 0.05). CONCLUSION: The photosensitization
of bilirubin killed Hep A cells obviously.  Bilirubin
under room light had no effect on inhibition of DNA
synthesis. The photosensitization of bilirubin was
closely related to ', and Hz(), and not to OH+ and
Oa .

Bilirubin, the end preduct of heme catabolism
in mammals, is a potentially cytotaxie, lipid soluble
waste product that needs to be excreted. However,
bilirukin at micromolar concentration in witro, effi-

ciently scavenges peroxyl radicals'?' .

In liposomes,
bilirubin suppresses the antioxidation more than e
tocopherol, which is regarded as the best antioxi-

Thus bilirubin is a
tln.

dant of lipid peroxidation.

physiological, chain-breaking antioxidan

Bilirubin exhibited antitumor aetivity ¥ and acted as
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a photosensitizer with four pyrrole rings. Many

photosensitizers have been used to treat cancer due
1o their photosensitization. In this paper, the
photosensitization of bilirubin on DNA synthesis in
ascitic hepatoma (Hep A} cells and on cell mortality

were studied.

MATERIALS AND METHODS

Chemicals Bilirbin ( AR, Sigma) was dissolved n 1,
2-propanediol 1 1, 0.1, 0.01, 0¢.001 mmol-L"'. Super-
oxide dismutase { S0OD, AR, Gansu Xiahe Biological Products
Factory) was prepared as a 2 gL 7! agueous solution. Cata-
lase (Cat, AR, Sigma) wes & 1 g- L™ ! aguecus solution.
Sodium azide (CR, Shanghai Chemical Agent Factory), sodi-
um formate { AR, Beijing Chemical Factory), and mannirol
{AR, Chengdu Chemical Agent Factory) were prepared in
triple dstilled water to 10 mmol-L™1.

Illnmination A water trough was placed between an io-
dine wolfram light (1 kW) and cell flasks for heat msulation.
The trough was made of glass with a 5-mm-thick botrom.
Water layer was 16 cm high.

The cells were illuminated 37 em under this light with
1.0~ 10° Ix radiant invensity. There was no illumination in
control group and the flask was wrapped with black paper.
The maximal absorption wave of bilirubin was 453 nm. All
experiments were carried out at room temperatare 20 — 25 C .

Measurement of DNA synthesis Hep A cells were
suspended at a density of 2 » 10° cells per bottle in pH 7.3
RPMUE1640 mediutn { Gibea) containing 20 % fecal calf
serum, penicillin 100 kU - L™! and streptomycin 100 mg
‘L™!'  Each vial contained 5 mL medium. The cells were
preincubated at 37 T for 15 - 20 h and then incubated with
bilirubin for 1 h.  The cells were illuminated under the light
for 10 min as the illumination group. The control cells were
kept in dark  Deoxy[?H] thymidine ((*H] TdR, Shanghai
[nstitute of Nuclear Research) was added to final concentra-
tion of 37 MBqg-L™1. After 2- or 24-h incubation, hilirubin
was removed by centrifugation at 100 %X g for 10 min. The
cells were washed with saline twice, and then digested with a
drop of HCIO, and H.Q: respectively at 80 T for 40 mun.
The mixture was transferred inve 10 mlL of scintillant lquid
and was assayed with an F|-2100 scintilleting counter.

Cell mortality The cells were dyed with 0.5 % trypan
bluc and counted.
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Assay of hydrogen peroxide Having bren illuminated
for 10 mun, G.5 mL of bilirubin {38 pmol-L ') was tmeds-
arely added 0.2 mL of 20 % 1iCl, and 0.2 mL NI{;-H.(O 17
mol- L7, A stable yellow preciprtate of H,Ti(% indicated

H.- generation-™ .

RESULTS AND DISSCUSION

Photosensitization of bilirubin The cell mor-
talities of illuminated groups were much higher than
those of dark groups (P <<0.01). The cell mortali-
ty of illuminated groups was positively dependent
In dark
groups, the mortalities were around 5 % without
concentration dependence, indicating that the
bilirubin per se had slight cvtotoxicity (Fig 1).

upon the concentration of bilirubin.
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Fig 1. Effect of bilirubin on incorporation of [*H]TdR into
DNA and mortality of Hep A cells. 2 h after illumination:
{1Z) Tight, (@) dark. 24 h after illomination: { X ),
Iight, {T]) dark. = =6 experiments, ¥ % s.

‘P<0.01 vs dark.

The inhibition of DNA synthesis of illuminated
groups were stronger than those of dark groups ( P
< 0.01) and presented a negative concertration de-
pendence. The 1, 2-propanediocl used as solvent for
bilirubin had a little toxicity. The mortality and
the inhibition of DNA synthesis were < (}.1 %
(Fig 2).

Effects of illuminating time on DNA synthesis
and cell mortality The mortality increased with il-
luminating time from 6.6 % at 1 min up to 63.9 %
at 20 min (Fig 2). The DNA synthesis decreased
with the illuminating time from 32 - 10" dpm at 1
min down to 2.8 ~ 10° dpm (Fig 2).

Effect of bilirubin under room light on DNA

synthesis Little difference of DNA synthesis was

33rh
30t
‘S gET
[~%
i_:‘ S 24 <
'3 z el -
3°13 ]
L= -
:‘E & 135 g
x g 12 =
LI el L
=F°
“ g
3 N
ol T
1 5 g 15 20
Ilumtnating tme /min
Fig 2. Effect of iHlumination time on DMNA synihesis and

{C) 3.8 pmol- L', () 0.38
pmol-L™'. » =6 experiments, Tt s.
*P<0.05, “P<0.01 vs control.

mortality of Hep A cells.

found between room light-illumination group (1500
— 2000 lx) and dark group ( P>0.05, Tab 1). It
indicated that bilirubin had no phatotoxicity under
roam light, and could be applied in clinic.

Tab 1. Effect of hilirubin under room light on DNA synthe.
sis of ascitic hepatoma cells. #n =6 experiments, ¥ 5.

*P>0.05 v dark.

107 » Radivactivily uf

Hluminacng  Bilirubin/ [*H] fdR in DNA/ dpm

h nrmok+1.7 !
wone/ B Light Dark
1 3.8 12.6+ g.g¢ 13.4+ 3.3
D.38 14,1+ 6.7 16.3+4.1
3 3.8 16.0= 7.5 19.1+4.8
0.38 22.5+13.9° 30,1421

The mechanism of bilirubin photosensitization
Superoxide dismutase { SO0, scavenger of super-
Q; ), A-s
(scavengers of hydroxy radical, OH ) could not

oxide, mannitol and sedium formate
protect the cells against the photosensitization of
bilirubin, thus the photosensitization of bilirubin
had no relation with OH* and (.. Bur ~NaN, ¢
WY and catalase
{Cat) can protect cells obviously, so the photosensi-
tization is related to ‘() and H,0).( Tab 2).
Yellow HyTi(); precipitate was noted when il-

{ scavenger of singlet oxvgen,

luminated bilirubin {38 pmal-1.7 ') was mixed with

TiCly and NHj-H.t), while no precipitate was seen
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Tab 2.
# = b experiments, ¥ s, *P>0.05, ‘P<0.01 v dork.
[l

Effect of free radical scavengers an phutosensitization of DNA synthesis in ascitic hepatoma cells by bilirubin.

10

2 h after lluminacion

Scaveogers/ mg-L "'

’ » Radivactivity of “H]TdR in DNA/dpm

24 h afrer dlumination

Eulitubin/mg-L.~*

58.4 5.84 £3.4 5.84
Control 14.3+0.2 16.5=0.7 13.2+1.2 14.7=0.5
Catalase (38.4) 31.5£2.6° 38.3+£2.7 43.4+4 .47 45.3+3.5°
Inactive Cat {38.4) 15.7 £2.384 14.9+3.3° 15.8+2.3" 17.6+4.4"
SO {74.1) g.7+5.1" 12.0+8.0° 17.221.9° 14.3+8B.2*
Imactive SOD (74.1) 9.3c-2.4" 14.720.7 12.5=1.0 12.2£0.7"
Mannitol (67.4) 12.3-5.8° 14.8+ 3.4 18.56+1.8" 17.2+£1.2°
Sodium lormate (37.8) 14.2x2.2¢ 12.1+6.4° i1.5+4.5" 12.2+0.7°
NaMg{24.1) 20.8:6.1" 43.6+2,1° E3.445.1° 31.3=B.4°

it bilirubin had not been illuminated or Cat was
added after illumination. These results proved that

H, O, was involved in photosensitization of bilirubin.
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