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BY LOW-DOSE IONIZING RADIATION IN THE EXPERIMENT
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Morphometric methods are increasingly being used to evaluate clinical, pathological and experimental data.
A systemic morphometric analysis of the main pathological processes and the most common diseases has been
developed. However, these data regarding dental pathology are missing.

The aim of the study. A morphometric investigation of the effects of low doses of ionizing radiation on odon-
togenesis in rats.

Objects and methods of the study. The experiments were carried out on albino rats of mongrel gregarious
breeding. The irradiation of the rats and their offspring was carried out at the Institute of Radiobiology of the Natio-
nal Academy of Sciences of Belarus on the Gammarid-192/120 installation with an exposure dose rate of 110 mR/h
since the I* day of pregnancy before sampling on the 16", 18" and the 20" day. The irradiation of the offspring was
continued on the I and 3 days after birth. The absorbed dose in all groups did not exceed 0,5 Gy. Histological,
histochemical and morphometric methods of investigations were applied.

Results of the study and their discussion. Low doses of ionizing radiation at the early stages of odontogenesis
(the 16™ and 18" days of antenatal life) caused the greatest decrease in almost all morphometric indexes of tooth
germs in experimental animals. Morphometric indexes in the control animals significantly exceeded those in the
experimental animals. By the 20" day, almost a complete repair of these changes had occurred. However, in 3-day-
old rats some differences were still present, for example in the odontoblast layer thickness in the control animals.

Conclusion. Low doses of ionizing radiation during all periods of odontogenesis affected the structure
and development of tooth germs, although they did not disrupt the genetically programmed course of odontogenesis.
In our opinion, it can be considered as one of the manifestations of the non-threshold effect of ionizing radiation.
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MOPO®OMETPUYECKUE USMEHEHI A OJOHTOTEHE3A
IIOJT TEVICTBMEM MAJIBIX 103 MIOHU3UPYIONIEN
PAIVAIIVIN B OQKCIIEPIMEHTE

YO «bBenopycckuii 20cy0apcmeeHHbiil MEOUUUHCKULE YHUBEPCUEm»

Mopgomempuueckue memodvl 6ce Hause NPUMEHAIOMCA ONIA OUEHKU KAUHUMECKUX, NAMOTI020AHAMOMUYe-
CKUX U IKCNePUMEHMANbHbLX 0aHHbLX. Paspaboman cucmemHuiii Mopdomempureckiti AHAIU3 OCHOBHBLX NAMONO-
2u4ecKUX npoyeccos u Haubonee pacnpocmpanerHvix 3abonesanuil. O0Haxo smu 0aHHvle 6 OMHOUIEHUU NAMOT02UL
3y608 0mcymcmeyom.

Lenv uccnedosanus. Mopgpomempuueckoe usyueHue 6030elicmeus Manvix 003 UOHUSUPYIOUell paduayuu
Ha 000HmMo2eHe3 y KPoLC.

Ob6vexkmot u memoouvl uccned08anus. Vccnedo8anus nposoount Ha benvix Kpvicax cmaodHo2o pa3sedeHus.
Obnyuenue kpuic, a 3amem u npunnoda nposoounu 6 Mucmumyme paouobuonoeuu HAH Pb na ycmanoske
«Tammapud-192/120» ¢ MowsHOCMbIO IKCNO3ULUOHHOTE 003bt 110 MP/u ¢ 1-x cymox bepemernocmu 0o 3abopa
mamepuana Ha 16, 18-e u 20-e cymxu. Obnyuenue npunnoda npodomianu 6 I-e u 3-u cymxu nocsne posoeHus.
Ioznouwennas 003a 60 écex epynnax e npesviuiana 0,5 2p. IIpumenAnucy eucmonozuueckue, 2UCHOXUMUYECKUE
u mopgomempueckie menmoovl UCCIE008AHUSL.

PesynbraThl HCcIemoBaHNA M 00cyxaenme. Marnvie 003vl UOHUBUPYIOUsel paduayuy HA PaHHUX dManax
odonmozeresa (16-e u 18-e cymxu anmenHamanvHoli HU3HU) 6bI3b164U HAUOOTIbULEE CHUNEHIE BENTUMUHDL NOY-
mu 6cex MopomempuuecKux nokasamesneii 3a4amkos 3y606 y nodonvimHvLX susomuoix. Mopgpomempuueckue
nokasamenu y KOHMPONbHbIX HUSOMHBLX SHAHUMENILHO NPeblUant maxosvle y nooonvimuvix. K 20-m cymrxam
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D [cucra soeHHO020 mpyda

Hacmynauia noUmu nosHAas penapaus amux usmererutl. OOHAKO uy 3-Cym0‘iHblx KpovlcAmM UMeNUcCy HeKomopuole
OMAUMUSA 01 KOHMPONIbHBLX HUBOMHLX, HANPpUMED, 8 MONULUHE CTI0A 000HMO671ACO08.

3akmrouyenue. Manvie 003vl MOHM3MP}/70H461:{ pabuauuu 80 8ce U3yueHHvle HAMU CPOKU 000HmMOozZeHe3a 0Ka-
3vleanu 8nusHUe Ha CMPYKmypy u passurmue 3a4amrKos 3y606, xoms u He HAPpyuwlanu ceHemuvecKu 3anpozpam-
MUPOBAHHO20 x00a odonmozenesa. Ilo Hauiemy MHEeHU0, 310 MOICHO paccmampusams Kax 00HO U3 I’lpO}IB/ZEHuLvl

6ecnop0z06020 Oelicmeus UOHUSUPYIOUWLel padUa .

Kniouesvie cnosa: moppomempus, 000HmozeHe3, UOHUSUPYIOULAT PAOUALUS, MATIbLe D030l

Morphometric methods are increasingly being
used to evaluate clinical, pathological and
experimental data. A systemic morphometric analysis
of the main pathological processes and the most com-
mon diseases has been developed. However, these
data regarding dental pathology are missing [1]. We
have found the only research [6], the authors of which
studied the size of odonto- and enameloblasts, daily
deposition of dentine and enamel in the first molar
in rats in the postnatal period.

The aim of the study

A morphometric investigation of the effects of low
doses of ionizing radiation on odontogenesis in rats.

Objects and methods of the study

The experiments were carried out on albino rats
of mongrel gregarious breeding. These animals were
chosen because the development and structure of their
molars are largely similar to those of humans [7, 8].
There were 11 pregnant females in the control group
and 16 in the experimental group. The irradiation
of the rats and their offspring was carried out at the
Institute of Radiobiology of the National Academy
of Sciences of Belarus on the Gammarid-192/120 in-
stallation with an exposure dose rate of 110 mR/h
since the 1%t day of pregnancy before sampling on the
16™, 18" (3 experiments each) and the 20" day (4 expe-
riments). The irradiation of the offspring was conti-
nued on the 1t and 3" days after birth (3 experiments
each). The absorbed dose in all groups did not exceed
0,5 Gy.

The material was fixed in a 10 % solution of neu-
tral formalin. The heads of the newborn rats were addi-
tionally decalcified in a 5 % solution of nitric acid.

The objects were embedded in paraffin according
to generally accepted methods. Sagittal “serial-selec-
tive” sections [5] were stained with haematoxylin and
eosin, Van Gieson’s picrofuchsin; nucleic acids were
detected with gallocyanin using Einarson’s method;
elastic fibers were detected with Hart’s stain, argyrophi-
lic fibers were detected according to Bilshovsky meth-
od modified by G. A. Berlov [2]. The degree of teeth cal-
cification for 1- and 3-day-old rats was detected using
Alizarin red S according to O. N. Koroleva's recommen-
dation [4]. The first three methods were used in mor-
phometry; and for light-optical study, all the above-list-
ed methods were used.
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In 16-, 18-, and 20-day-old rats, contouring mea-
surement of the area of the enamel organ pulp (1),
the enamel organ (2), dental papilla (3), and the thick-
ness of the outer (4) and inner enamel epithelium (5),
as well as dental papilla (6) was performed using the
«Bioscan-AT» image analysis system.

In 1- and 3-day-old rats, the thickness of odonto-
blast (7), dentine (8) and enameloblast layers (9) was
measured. The above structures were measured at least
ten times in each case of the control and the experi-
ment.

A total of 2206 histological specimens were stu-
died and 3623 measurements were performed. The data
were processed by the method of variation statistics
using Student’s t-test.

Results of the study and their discussion

The area of the enamel organ pulp was greater
in the control animals than in the experimental animals
(table 1). The 16-day-old fetuses showed the greatest
difference: 1,35 + 0,20" and 0,66 + 0,08 ym? (P < 0,01),
a 2,05-fold increase. The area of this structure had
increased by the 20" day of the antenatal period both
in the control and in the experiment. Compared to that
of 18-day-old fetuses, by this time it had increased
by 5,01 and 5,08 times.

The area of the enamel organ in the control ani-
mals was greater than in the experimental animals.
The greatest differences were revealed in 16-day-old
fetuses. In the control, the area was 2,79 times greater
than that in the experiment: 4,02 + 0,66 and 1,44 +
0,10 ym? (P < 0,001). This area had increased by
3,17 and 3,43 times in 20-day-old fetuses compared
to 18-day-old ones.

Note: * all the values of area in the text and in Table 1
should be multiplied by 10*

MpuMeuyaH#ue: " BCe NOKasaTeAU NAOLLAAMK B TEKCTE
1 Taba. 1 cAepyeT yMHOXUTb Ha 104

The area of the dental papilla at the 16" and 18™"
days was greater in the control group fetuses and
at the 20™ day, in the experimental group. The greatest
differences - 1.91 times - between the control and
the experiment were observed in 16-day-old fetuses.
From the 16™ to the 18" days, the growth of dental
papilla area was somewhat more intense than from
the 18" to the 20" day of the antenatal period. By the
18" day compared to the 16™ day, the increase was
2,14 and 2,92 times in the control and the experiment,
respectively (table 1).
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Table 1. Changes in the size of dental germ structures in rats’ fetus

Tabauua 1. U3MmeHeHue BEAUUMH CTPYKTYP 3a4aTKOB 3y60B NAOAOB KpbiC

16 days 18 days 20 days
Index
Control Experiment Control Experiment Control Experiment

Area of the enamel 1,35+ 0,20 0,66 +0,08" 1,54 £ 0,25 1,37 £ 0,14 7,72 £ 0,38 6,92 + 0,40
organ pulp, um? n=23 n=34 n=22 n =30 n=20 n=31

v=171,85 v="7273 v="74,68 v=>54,01 v=21,50 v=239,31
Area of the enamel | 4,02 + 0,66 1,44 +0,10" 5,06 + 0,51 3,85 +0,46 16,05 + 0,70 13,20 + 0,62
organ, um? n=24 n=33 n=22 n=30 n=20 n=31

v =280,85 v =39,58 v=4585 v=65,45 v=19,13 v =25,98
Area of the dental 3,90+0,61 2,04 +0,13" 8,35+0,76 5,96 + 0,75" 13,21 +£1,39 15,18 £ 1,23
papilla, pm? n=22 n=33 n=22 n=30 n=20 n=31

v=74,10 v=37,75 v=141,80 v=69,13 v =45,80 v=45,26
Thickness of the 46,44 +4,80 | 25,26 +1,56" | 38,19+2,25 |19,30+1,62" | 31,69+ 2,04 34,07+ 1,61
outer enamel n=58 n=102 n==62 n=92 n=70 n=140
epithelium, um v="T78,77 v=062,43 v=46,37 v=280,73 v=53,96 v =56,06
Thickness of the 46,17 +3,84 | 24,99 +1,51" 46,76 £3,70 | 27,71+ 1,85" 39,75 +2,19 38,32 +1,70
inner enamel n=64 n =108 n=68 n=110 n=87 n=161
epithelium, um v =66,47 v=62,79 v =65,29 v=70,05 v=51,30 v=56,26
Thickness of the 50,24 + 2,97 47,32 £ 2,00 83,91 +4,23 | 63,39+3,64"| 170,26 + 11,86 | 187,4 + 8,99
dental papilla, um n =108 n =202 n=129 n =190 n =105 n =190

v=61,43 v =60,02 v=5722 v=79,24 v=71,38 v=66,13

Note: in Table 1 and Table 2, the reliability of differences compared to the control group is marked with *, P < 0,05-0,001;
n - the number of measurements, v - the coefficient of variation

MMpuMeuaHue:3pechb 1 B TabA. 2 (3Be3A0UKOM) © 0603HaUEHA AOCTOBEPHOCTb Pa3AMUMUIM NO CPABHEHWUIO C KOHTPOALHOWM
rpynnoi, P < 0,05-0,001; n - KOAMMECTBO MU3MEPEHUI; V — KOIODULMEHT BapuaLmu.

At all times, the area sizes were greater in the con-
trol animals, with the exception of the area of the den-
tal papilla in 20-day-old experimental fetuses. The
maximum differences in the control and the experi-
ment occurred in the early odontogenesis period, i. e.
the 16" day of intrauterine life.

On the 16" and 18™ days of the antenatal period,
the thickness of the outer enamel epithelium in the
control animals exceeded it in the experimental ani-
mals by 1,84 and 1,98 times, respectively (P < 0,001).
In 20-day-old fetuses, this index was 1.08 times higher
in the experiment (P > 0,05). The thickness of the out-
er enamel epithelium in the control decreased uni-
formly by 1,22 and 1,21 times with increasing age
of the animals. In the experiment, in 18-day-old fe-
tuses compared to 16-day-old ones, it decreased
by 1,31 times. In 20-day-old fetuses, on the contrary,
an increase in thickness by 1,77 times was noted com-
pared to 18-day-old experimental fetuses (table 1).

In the fetuses of all three age groups, the thick-
ness of the inner enamel epithelium in the control ex-
ceeded that one in the experiment (table 1). The great-
est difference in thickness (by 1,85 and 1,69 times)
was in 18- and 16-day-old fetuses: 46,17 + 3,84 and
24,99 + 1,51 ym, 46,76 £ 3,70 and 27,71 + 1,85 ym
(P < 0,001). The thickness of the inner enamel epitheli-
um in the control decreased by 1,18 times in 20-day-
old fetuses compared to 18-day-old ones. In the exper-
imental animals, on the contrary, from the 16™ to the
18", and then to the 20™ day of the antenatal period,

the increase in thickness by 1,11 and 1,38 times res-
pectively was observed.

The thickness of the dental papilla in the control
animals was greater than in the experimental animals,
with the exception of 20-day-old fetuses (table 1). The
greatest differences in thickness occurred on the 18
day: dental papilla in the control animals’ fetuses was
1,32 times as thick as the dental papilla in the experi-
mental animals (P < 0,001). Intensive growth of the
dental papilla thickness occurred from the 18 to the
20™ day of the antenatal period. The data for 20-day-
old fetuses exceeded similar findings for 18-day-old
fetuses in the control and the experiment by 2,03 and
2,96 times.

The thickness of the main structures of tooth
germs in the control animals exceeded those in the ex-
perimental animals, except the thickness of the outer
enamel epithelium and the dental papilla thickness
in 20-day-old fetuses.

The thickness of the odontoblast layer in 1- and
3-day-old rats of the control group exceeded the similar
finding in the experimental rats by 1,61 and 1,2 times
(table 2). It increased in 3-day-old animals in the con-
trol by 1,52 times, and in the experiment by 2,03
times.

The dentine thickness in the control animals was
greater than in the experimental animals: 14,11 + 1,43
and 11,00 + 1,05 um respectively, and 25,00 + 1,79
and 21,95 + 1,35 um (P > 0,05). The thickness of both
dentine and odontoblasts increased by 1,77 times
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Table 2. Changes in the thickness of rats’ tooth germs structures after birth

D [iicuctia Boetito20 mpyda

Tabauua 2. U3MmeHeHWe TOALLUHBI CTPYKTYP 3Y6HbIX 3a4aTKOB KPbIC NOCAE POXKAECHUSA

1%t day 3 day
Index
Control Experiment Control Experiment
Odontoblasts 34,61 +2,94 21,50 + 1,27 52,54 + 2,60 43,68 + 2,31"
layer thickness, um n=71 n=37 n=65 n =86
v=71,68 v=35,86 v =39,97 v=48,99
Dentine layer 14,11+ 1,43 11,00 + 1,05 25,00 + 1,79 21,95+ 1,35
thickness, um n=111 n=49 n =107 n=131
v =107,02 v = 66,64 v=174,20 v=170,52
Enameloblasts layer 25,55+ 1,44 33,00 +2,81" 20,96 + 0,77 20,70 £ 0,81
thickness, um n=125 n=53 n =106 n =158
v=62,94 v=62,0 v =37,69 v =49,08

in the control and 2 times in the experiment by the 3™
day compared to that on the 1%t day of the postnatal
period.

The thickness of the enameloblast layer in experi-
mental 1-day-old rats turned out to be 1,29 times
greater than in the control rats: 33,00 + 2,81 and
25,55 + 1,44 pym, respectively (P < 0,05). In 3-day-old
animals, on the contrary, the findings in the control
animals slightly exceeded those in the experiment:
20,96 + 0,77 and 20,70 £ 0,81 um (P > 0,05).

The thickness of the enameloblast layer decrea-
sed from 25,55 + 1,44 ym in 1-day-old rats to 20,96 +
0,77 ym in 3-day-old rats in the control and from
33,00 + 2,81 to 20,70 £ 0,81 um in the experiment:
the decrease by 1,22 and 1,59 times.

So, the thickness of the structures of tooth germs
after birth in the control animals was higher than simi-
lar indexes in the experimental animals, with the ex-
ception of the thickness of the enameloblast layer
in 1-day-old rats.

The thickness of the odontoblast layer and the
thickness of dentine increased with the age of the ani-
mals, and the thickness of the enameloblast layer de-
creased both in the control and in the experiment.

Changes in area and thickness (their increase
or decrease) were more intense in the irradiated animals.

Low doses of ionizing radiation during all periods
of odontogenesis affected the structure and develop-
ment of tooth germs, although they did not disrupt the
genetically programmed course of odontogenesis. The
greatest differences between the control and the ex-
periment were noted in 16- and 18-day-old rat fetuses.
The indexes in the control animals were significantly
higher than those in the experimental animals. By the
20'™ day of the antenatal period, the differences in the
size of the structures of the tooth germs in the expe-
rimental group compared to the control group were,
as a rule, unreliable. In the control animals, by this time
the area of the pulp, the enamel organ, and the thick-
ness of the inner enamel epithelium had become grea-
ter; the area and thickness of the dental papilla and
the outer enamel epithelium, the dental papilla tur-
ned out to be lesser. In the postnatal period in 1- and
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3-day-old rats, the thickness of the odontoblasts
and dentine layers were greater in the control animals.
By the 1%t day, the thickness of the enameloblast layer
turned out to be significantly greater in the experi-
mental rats, and by the 3 day there were practically
no differences in the enameloblast layer thickness.
It can be considered as one of the manifestations
of the conditionally non-threshold effect of ionizing ra-
diation [3], since ionizing radiation even in low doses
demonstrated its negative effect on tooth germs.

Conclusion

Thus, low doses of ionizing radiation at the early
stages of odontogenesis (the 16" and 18™ days of an-
tenatal life) caused the greatest decrease of almost
all morphometric parameters of tooth germs in the expe-
rimental animals. By the 20" day, almost a comple-
te repair of these changes had occurred. However,
in 3-day-old rats some differences were still present,
for example in the odontoblast layer thickness in the
control animals. These deviations in odontogenesis can
play a negative role in the further formation and mor-
phofunctional state of the teeth in adult animals.
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