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ABSTRACT The study group comprised of 12 occupationally exposed “radiotherapeutic and diagnostic workers”,
working since last 12 years on an average (service duration 3 to 20 years), with 12 age and sex-matched controls not
exposed to any kind of radiation and belonging to same socio-economic status as the radiation workers. Cytogenetic
end points studied were CAs (Chromosomal aberrations), SCE (Sister chromatid exchange) and MN (Micronuclei).
Hematological parameters were also studied. In addition, co-mutagenic/synergistic in vitro effects of known mutagen
Mitomycin-C (MMC) on lymphocytes of these workers were evaluated. Results revealed a significant increase in
dicentric (P < 0.05) as well as MN (P< 0.01) among radiation exposed workers when compared to controls. By
contrast, no change in SCE freguencies and hematological parameters were observed. After in vitro MMC treatment
CA (mainly dicentric and ring) increased significantly in lymphocytes of radiation exposed workers. Based on these
observations, a preliminary indication of the study could be that long term low level radiation exposure may probably

damage the genetic constitution of an individual.

INTRODUCTION

With development of techniques in
cytogenetics, the response of human chromo-
somesto ionizing radiations both, invivo and in
vitro has been investigated thoroughly. Invitro
studies on human lymphocytes exposed to
different type of radiations have shown that, the
frequency of induced aberrations are same as if
they were exposed in vivo ((Evans 1983; Fabry
and Lemaire 1986)

In vivo cytogenetic studies of accidental
exposure of human to radiations have been
carried out and are confined to groupslike people
exposed to Chernobyl explosion (Schevchekno
etal. 1996; OSH-DB, 1996) radiation accident in
Goiania-Brazil (Natargjan et al. 1991) Cobalt-60
accident at Zagreb (Milkovic-Krauset al. 1992).
Most, but not al have reported elevated levels
of chromosomal aberrations.

Cytogenetic studies on individuals
occupationally exposed to radiation have been
carried out extensively. High frequency of CA
such as dicentrics, rings and acentrics in the
peripheral blood lymphocytes of personnel
handling diagnostic X-ray machines has been
reported by Jhaand Sharma (1991) and Kasuba
etal. (1998). Similarly Hagelstrom et al. (1995)
reported afour fold increase in the incidence of
CA in the periphera lymphocytes of workers

occupationally exposed to X-rays and nuclear
medicine areas.

However, Lloyd et al. (2001) using both
conventional as well as FISH analysis showed
no significant difference between Namibian
Uranium miner and controlsin thefrequencies of
chromosome or chromatid type aberrations as
well asthetrandocations. Similarly Cigarran et
a. (2001) employing FISH analysis reported no
significant difference in the frequencies of
chromosomal abnormalities among hospital
workers occupationally exposed to low level of
radiations and the matched control groups.

With three colour fluorescence in situ
suppression hybridization technique, Verdorfer
etal. (2001) reported no significant differencein
the frequencies of breaks among medical
radiation appliers and the controls. However,
breast tumor patients and military waste
disposers showed a higher rate of aberrations
than did the healthy controls. Inthe same study
the authors reported that chromosome # 4 was
dlightly over effected while chromosome#2 was
slightly under represented. Pressl and Stephan
(1998) conducted a study on X -ray diagnostic
and X -ray therapeutic radiation workers, and
concluded that dicentrics measured shortly after
exposure was more sensitive indicator than
trand ocations determined years|atter using FISH
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technique.

Despite al these studies there is paucity of
information on the cytogenetic changes among
occupationally exposed radiation workers
engaged for a long term in diagnostic and
therapeutic applications of radiation. Hence,
present study was carried out to evaluate the
genetic damage with three cytogenetic end points
namely CAs, SCE aswell asMN among radiation
workerswhose service duration ranged from 3to
20years.

MATERIALSAND METHOD

Blood samples were collected in sodium
heparinised vaccutainer tubes through veni
puncture from twelve occupationally exposed
radi otherapeutic and diagnostic workersworking
sincelast 12 yearson an average. Theparticulars
of each radiation workers involved in the study
has been presented in Table 1, with respect to
their age, sex, occupational category, duration of
involvement in occupation, occasions for
radiation exposure and its duration in hours per
week, personal habitsand addictionif any, health
status at thetime of blood collection etc. Twelve
healthy age and sex matched individual sidentical
to the radiation workersin every respect but not
exposed to any kind of radiation served as
controls.

Routine peripheral blood lymphocyte culture
technique of Hungerford (1965) wasadopted with
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somemodifications(Gadhia1998). Four separate
culture vials were set up from each individuals
(radiation workers as well as controls); one for
CA, one for SCE and one for MN. In the
remaining 10 ng/m1 of MM C was added after 24-
hours of initiation of culture. Cultures were
terminated at 72 hours. A brief hypotonic treat-
ment of 0.075 M KCI was given and the cells
were fixed in 3:1 methanol acetic acid and air-
dried preparations were made.

Sister chromatid exchange (SCE) andysiswas
carried out by adding 10 pg/ml BudR to the culture
at 24-hoursof initiation. After air-dried prepara-
tionsthe dideswere stained with Hoechst 33258,
exposed to fluorescencelight overnight, and then
treated with 2 X SSCfor onehour at 60° C. Findly
theslideswerestainedin 7% Giemsa.

For Micronuclei study, cytokinesis block
method of Fenech (1993) was adopted with some
modifications. At 44-hour, 0.6 pg/ml of
cytochalasin -B (Sigma) was added and cultures
wereterminated at 72 hours. A brief treatment of
chilled 0.75 M KCI was given. The cells were
then spun and fixed in 3:1 methanol acetic acid.
Air dried preparationswere made. Thedideswere
stained in May and Grunwald'sstain (0.25% w/v
in methanol) for about 10 minutes and then
counterstained with Giemsa.

One hundred well spread first division (M 1)
metaphases were scored for chromosomal
aberrations. Each dlides were blind coded and
scored randomized to avoid observershias. With

Table 1: Particulars of each radiotherapeutic and diagnostic workers studied cytogenetically

Proband Sex Age Occupation Duration of  Occasion for Addiction, Health status
years category involvement in  radiation exposure if any at time of
occupation  and its duration blood
inyears  (hrs/week) collection
1 Mae 39 Radiation technician 15 During radiotherapy (3) Nil Good
2 Male 47 Radiation technician 13 During radiotherapy (1) Nil Good
3 Male 41 Radiation technician 15 During radiotherapy (2) Nil Good
4 Male 32 X-ray technician 11 While taking Pan masala Good
X-rays (3)
5 Male 55 X-ray technician 20 While taking Pan masala Good
X-rays (2) and tobacco
6 Female 32 Assistant Professor in Radiology 3 During CT scan (0.5) Nil Good
7 Male 44 Professor in Radiology 17 During Mammography(1) Nil Good
8 Male 31 Tutor in Radiology 3 During CT scan (1) Nil Chronic
asthama
9 Male 39 X-ray technician 19 While taking Tobacoo Good
X-rays (3)
10 Male 46 X-ray assistant 15 While taking Smoking Good
X-rays(2)
11 Male 38 X-ray assistant 10 While taking Nil Cervica
X-rays (2) spondylitis
12 Female 32 Tutor in Radiology 3 During CT scan (1) Nil Good
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regard to SCE analysis, 30 well spread second
division metaphase (M2) were scored. The
replicative index (RI) was calculated by
considering percentageof MI, M2 and M3 célls.
About 1000 binucleated cellsfrom each individua
were counted for MN study.

For hematological analysis, blood samples
were collected into EDTA bulbs. Automatic
€lectronic blood cellscounter (Erma, Japan) model
PCE 170 was employed to analyse the sample.
However while computing the table,only four
major parameters (Total WBC, Total RBC, Total
platel et counts and hemoglobin percentage) has
been considered.

Statistical analysis of the results were done
employing two tailed Student’s‘t’ test.

RESULTS

The dataon chromosomal aberrationsamong
radiation workers and control groups with and
without MM C treatment have been presented in
Table2.

Results revealed a significant increase in
dicentric (P<0.05) and chromatid gaps (p< 0.05)
among the chromosomes of the radiation workers
when compared to controls. After MMC

treatment there was significant increase in
dicentric (P< 0.05) as well as ring (P< 0.05)
chromosomes among radiation workers as
compared to MMC treated contrals.

Results on the SCE frequency and MN study
have been compiled in Table 3. No significant
change in either mean SCE frequency or
replicativeindex of radiation workersaswell as
controls was noticed. However MN fregquency
was dtatistically significant (P< 0.01) among
radiation workers as compared to control
individuals.

An analysis of hematological parameters
(Total WBC, Total RBC, Total platelet count, as
well as hemoglobin percentage) pooled from
twelveindividualsdid not show much variation
as compared to control (Table 4).

DISCUSSON

The purpose of this investigation was to
determine whether or not the radio therapeutic
and diagnostic workers occupational ly exposed
to small doses of ionizing radiationsdaily, runa
health risk? Results of cytogenetic analysis
summarised herereveal apossible health effect,
for therelevant frequency of dicentricswashigh

Table 2: Chromosome aberrations among radiation workers and control groups with and without MMC

treatment
Subject No. of No of Aberrations per 100 cells
(treatment)  samples metaphases Chromosome-type Chromatid-type
scored D R AF G B Cl
Control 12 1200 0.16 0.2 0.08 - - 0.25 0.16
Radiation 12 1200 1.16 0.6 1.08* 0.16 0.33 2.08* 1.66
workers
Control (MMC) 12 1200 2 1.5 1.5 0.6 0.25 1.75 1 0.25
10 ng/ml
Radiation 12 1200 2.5 1.83 233* 091** 0.83 233 1.66 0.33
workers (MMC) 10 ng/ml

G — Gap, B — Break, D — Dicentric, R — Ring, AF — Acentric fragment, Cl — Chromatid interchange

* Significant at (P< 0.05) as compared to control,

** Signficant at (P<0.05) as compared to MMC treated control

Table 3: Sister chromatid exchange and micronuclei frequency in control and radiation workers

Subject No. of No. of SCE frequency and replicative index Micronuclei frequency
samples M2 cells Percentage Mean Replicative No. of Total Mean
scored of cells SCE/cell index BN cells MN MN/
M1 M2 M3 scored 1000 Cells
Control 12 360 45 32 23 232+008 1.78 12000 110 9.16
Radiation 12 360 45 29 26 293+044 181 12000 680 56.66*
Workers

MN — Micronuclei, BN — Binucleated.
* Significant at (P < 0.01) from control
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Table 4: Details of hematological parameters pooled from 12 control as well as 12 radiation workers

No. Parameters Control Radiation workers Normal range*
1 Hemoglobin (gm%) 13.33 14.02 12 - 18

2 Total RBC (Million/cmm) 4.25 4.65 42 —-6.2

3 Total WBC (nos./cmm) 7331 6800 4000 — 10500

4 Total platelets (nos/cmm) 233308 203000 150000 — 400000

*Normal range of hematological parameters as per Dietz, 1995 — Clinical guide to Laboratory tests.

among radiation workers as compared to control
individuals.

Our results are consistent with the findings
of Maddileti et d. (2002) who showed asignificant
increase in chromosomal aberrations among
radiographers (worker exposed to X -rays) when
compared to controls. Many other cytogentic
studies (Jha and Sharma 1991; Kasuba et al.
1998; Hagelstrom et a. 1995) have similarly
reported higher frequencies of CAs.

Asfar as we are aware, there are no reports
available pertaining to the co- mutagenic/
synergistic effect of MM C on the occupationally
exposed individuals. In the present study, in
vitro treatment of MMC (10 ng/ml.) brought
about significant increase in dicentric and ring
chromosomes among radiation workers as
compared to controls. Result might suggest that
radiation workers are more proneto clastogenic
effects of MMC than does the controls. Sister
chromatid exchange technique has been
commonly employed to evaluate cytogenetic
responses to chemical and radiation exposures,
and is generally a more sensitive indicator of
genotoxic risk than are structural aberrations
(Tucker and Preston 1996) with such a
consideration, SCE study was also undertaken.
Our results revealed no significant change in
either mean SCE frequency or replicative index
among radiation workersin comparison to control
group. Ontheother hand, Yadev and Seth (2000)
reported a significant increase in the CAs and
SCE in workers exposed to X-rays. Thierens et
al. (2000) reported ahigh frequency of centromere
positive and centromere negative micronuclei in
the peripheral lymphocytes of hospital workers
who were occupationally exposed to X -raysand
gamma-rays. Recently, Maluf et a. (2001) reported
an increased frequency of micronuclei and
dicentric bridgesin the lymphocytes of workers
exposed to X-rays. Similarly inthe present study
there was significant increase in micronuclei
frequency among radiation workers ascompared
to control. This could attribute to the higher

frequency of chromosomal aberrations found
among radiation workers. Inaddition resultson
invitro gammairradiation of human lymphocytes
confirmed a dose-dependent increase in
micronucle formation (Boreham et al. 2000) .

The hematological study revealed no
significant change in the blood pictures of
radiation workers when compared to controls.
Probably, the parameters considered in the
present study might not have been influenced
much by low level irradiation.

In general the results of the present study
indicate that; occupationally exposed radiation
workers engaged in diagnostic and therapeutic
applicationsof radiations, show increasein CAs
aswell as MN frequency, are more sensitive to
mutagen MMC, but reveal no change in SCE
frequency, RI or blood picture.

A preliminary indication of the present study
isthat longterm low level radiation exposure may
probably damage the genetic congtitution of an
individual. However, looking to the stringent
small samplesize, takeninto account, no specific
conclusion could be drawn.
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