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Summary ,

Male Wistar rats adapted to artificial light:dark (LD) regimen 12:12 h were whole-body irradiated with a single dose of
9.6 Gy of gamma rays and sham/irradiated in the night in darkness. The rats were examined 60 min, 1, 3 and 5 days after
exposure between 22:00 and 01:30 h in the darkness. The results obtained indicate a two-phase reaction of pineal
melatonin after the lethal irradiation of rats: the decline of melatonin concentration early after the exposure (at 60 min)
with unchanged serotonin N-acetyltransferase (NAT) activity followed by an increase of melatonin synthesis,
accompanied by an increase of pineal and serum melatonin on day 5 after the exposure. NAT activity was increased on
day 3 after the exposure. Serum corticosterone concentrations in irradiated rats were increased 60 min and 3 days after
exposure. With respect to the antioxidant, immunomodulating and stress-diminishing properties of melatonin, we
consider the increase in melatonin synthesis during later periods after irradiation as part of adaptation of the organism to
overcome radiation stress.
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Introduction chosen: 14.4, 9.6 and 4.8 Gy of gamma rays. Acute
whole-body irradiation with the lowest of these doses (4.8
Gy) did not change either NAT activity or Mel
pineal gland (Kassayova,
unpublished results). Exposure to the 14.4 Gy caused
marked changes in Mel concentration, depending on the

time interval after irradiation (Kassayova et al. 1993a,

With respect to the significance of the pineal
gland and its main hormone melatonin (Mel) in regulation
physiological processes (Reiter 1991),
information about the effect of ionizing radiation on this
gland is very important both in basic research and

concentration in the

of various

especially in clinical practice, namely in patients treated
by actinotherapy. In our previous experiments we studied
the effects of different doses of gamma radiation on Mel
concentration and activity of the rate limiting enzyme of
its synthesis, serotonin N-acetyltransferase (NAT) in the
pineal gland. Three model doses of radiation were

1995). The reason for using the lowered lethal dose
(9.6 Gy) in this experiment was to create the possibility of
prolonging the time for observation; the animals began to
die on day 10 postexposure as compared with day 5 after
irradiation with a dose of 14.4 Gy.
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Method

Male Wistar rats (VELAZ Prague), weighing
about 100 g, were adapted to an artificial light-dark
regimen (12 h light : 12 h darkness) for 6 weeks under
standard vivarium conditions (temperature 22+2 °C,
relative humidity 60-70 %). Cool light from fluorescent
lamps (Tesla 40 W), about 150 lux intensity in each cage,
was automatically switched on at 07:00 h. The animals
had free access to food and water. After adaptation, the
rats were whole-body irradiated with a single dose of 9.6
Gy of gamma rays from a ®Co source (Chisostat,
exposure rate 0.38 Gy.min™") between 20:30 and 00:20 h.
After irradiation and sham-irradiation the animals were
pair-fed till the estimation. Intact rats (IC) were fed ad
libitum. Sixty minutes 1, 3 and 5 days after irradiation or
sham-irradiation the rats were sacrificed by rapid
decapitation between 22:00 and 01:30 h (the group of
intact rats was killed between 23:45 and 24:00). Each rat
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was killed within 10 s. The real time-difference between
killing the animals of sham-irradiated and irradiated
groups was about 20 min. Irradiation, sham-irradiation
and decapitation were carried out in the dark under dim
red light of less than 1 lux intensity. The pineal glands
were rapidly removed, weighed, frozen in liquid nitrogen
and stored at =70 °C until further analysis. The serum
obtained from mixed blood was immediately frozen and
stored at —20 °C. The experiment was carried out in
January.

The concentration of pineal and serum melatonin

‘was assessed radioimmunologically according to Charron

et al. (1991). The pineal NAT activity was determined
radioenzymatically according to Deguchi and Axelrod
(1972) as modified by Parfitt er al. (1975). The serum
CS) determined
fluorometrically according to Guillemin et al. (1958).

corticosterone concentration was

Each group consisted of 8 rats, and the results were
evaluated using the non-paired t-test.
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Fig. 1. Pineal and serum melatonin concentrations in irradiated (IR) and sham-irradiated (C) rats after single whole-
body irradiation with a dose of 9.6 Gy of gamma rays. Irradiated (IR) and sham-irradiated (C) rats were analyzed in
darkness from 60 min to 5 days after irradiation, intact rats (IC) — values obtained in darkness. Values are

means = S.EM,n =38 (* P<0.05 and™* P<0.01, IR vs C).

Results

The changes in concentration of Mel in the
pineal gland of irradiated animals occurred in two phases:
an initial decrease at 60 min (P<0.05) was followed by an
increase in values, significant on day 5 post-irradiation

(P<0.01) in comparison with the controls. A significant
increase in concentration of serum Mel was noted on day
5 after exposure (P<0.01, Fig. 1). The activity of pineal
NAT exhibited an increase on day 3 after exposure
(P<0.01), without any changes in the remaining intervals
of observation. The level of CS in the serum of irradiated
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rats increased significantly at 60 min (P<0.01) and was
approximately five times higher on day 3 in comparison
with the control values (P<0.01, Table 1). Neither the

absolute nor relative average weights of the pineal gland
were affected by irradiation.

Table 1. Pineal serotonin N-acetyltransferase (NAT) activity and serum corticosterone concentration in irradiated and
sham-irradiated rats after single whole-body irradiation with a dose of 9.6 Gy of gamma rays

60 min 1 day 3 days 5 days
Pineal NAT IC 5.84+1.02 - - - -
activity IR 5.66+0.52 5.17£0.49 8.21+0.61"" 5.05+£0.26
(nmol/h/mg) C 6.24+0.80 6.6610.97 5.45+0.49 6.651+0.44
Serum IC 171.0+ 38.0 - - - -
corticosterone IR 1592.3+58.7" 440.6161.9  1056.0+73.5" 227.8+43.4
(pmol/ml) C 274.5+64.9 339.6149.4  209.5t44.2 245.7+64.1

Values are means + S.E.M, n=8 (** P<0.01, IR vs C).

Discussion

The response of the pineal gland to whole-body
irradiation with a dose of 9.6 Gy consisted in two-phase
changes in melatonin concentration. Immediately after
exposure the concentration decreased, but after a few
days (on day 5) it increased. NAT activity increased
3 days after exposure. A similar trend in Mel
concentration and NAT activity was found in rats
irradiated with a single whole-body lethal dose of 14.4 Gy
of gamma rays in the previous experiments. Up to 2 h
after exposure, pineal Mel concentrations decreased,
however, on days 3 and 4 signs of increased Mel
synthesis were observed, with a rise of pineal NAT
activity and serum Mel concentration (Kassayova et al.
1993a, 1995, Ahlersova er al. 1997). In rats locally
irradiated on the head with a dose of 14.4 Gy of gamma
rays the pineal Mel content and its serum concentration
increased only on days 1-3 after exposure, with a return to
control values within 10 days; the Mel content was not
changed immediately after the exposure (Kassayova ef al.
1993b).

Serum corticosterone (CS) reacted to acute
whole-body irradiation with a dose of 9.6 Gy by an
increased concentration 60 min and 3 days after exposure.
This finding is in agreement with the classical concept of
Flemming et al. (1968) according to which the response
of CS to whole-body irradiation occurs in two phases: the

first peak represents an early response to the radiation
stressor and the second peak, the onset of which depends
on the radiation dose and which corresponds to the
patterns of gastrointestinal damage in the acute phase of
the postradiation syndrome.

The mechanism by which ionizing radiation
influences pineal function and its main hormone Mel still
remains to be explained. Under physiological conditions,
Mel synthesis exhibits a circadian rhythm with low values
of hormone concentrations during the light part of the day
and high values in darkness. Two reciprocal metabolic
pathways of pineal serotonin are connected with this
circadian rhythm. In the light part of the day, oxidative
deamination catalyzed by
monoaminooxidase (MAQO) with the production of 5-
hydroxyindole derivatives and low Mel synthesis. In the
dark part of day, the acetylation of serotonin with high
activity of NAT and increased Mel production are
activated (Mefford et al. 1983). The increased MAO
activity, which was observed in the brain of X- or gamma-
irradiated animals (Pausescu et al. 1976, Pastorovad and
Arendar¢ik 1988), leads to a preference of serotonin

of pineal serotonin

~ degradation to 5-hydroxyindole products, which may be a

cause of the decline of Mel concentrations immediately
after irradiation, found in our studies. A different situation
occurred in male rats subjected to repeated (fractionated)
irradiation with 2.4 Gy of gamma rays twice a week. The
concentration of pineal and serum melatonin decreased,
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pineal NAT activity was reduced and pineal MAO
activity was enhanced in animals exposed to the highest
(14.4 Gy) total dose of radiation (Ahlersova ez al. 1998).
The increase of pineal Mel synthesis during the
later period after whole-body exposure to gamma rays
could be considered as an adaptive effort of the organism
to overcome the radiation stress by an increased
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production of the hormone with immunomodulating and
antioxidative efficacy.
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