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ABSTRACT Haloperidol, a buryrophenone antipshchotic
drug, was evalusted for its cytogenetic effects v wire on
hurnan lymphocyies. Peripheral blood culbares were et up
from three normal healthy donors for 72 howrs. Halopenidal
was added at the start (72 hr exposune), 24 hour (45 hr ex-
posure) and 48 hours (24 he exposure) after imitiation of
cultures. The concentrations tested at each exposure time
cormesponded to the plasma levels (5 and 25 ng/ml) after
iherapeutic dose and higher than that {100 and 300 ag/ml).
All treatments for a donor were given al ihe same time.
LUnireated culiures served as concurment contrels. The pa-
rameters asayved were chromosome damage, mitotic index,
cell growth kinetics and sister chromatid exchanges.
Haloperidol was found to have 8 significant gencloxie po-
sential af concentrations comesponding o upper plasma
lewel, and higher than (hat in the chromosome damage as-
say and &t all concentrations in the mitotic index and 5CE
assxy compared to the controls, However, it did not have
amy sigmificant effect on the cell growih kinetics at any of
the duses tested. The present study poinis io = genotoxic
poteriial of Haloperidol, Therefore, this drag should be used
with caution.

Haloperidol is a butyrophenone antipsy-
chotic drag used for long term therapy of psy-
chiatric disorders. [t has been evaluated for its
genotoxic effects in various test systems.

In Ames / Salmonella test, Haloperidol was
shown to be mutagenic in one smdy (Fey et al.,
1982), but not in another ( Balbi et al., 1980).
In the DNA cell binding { DCB) assay, it was
found to be non-genotoxic (Kubinski et al.,
1981). However in Allium cepa assay, Haloperi-
dol exhibited a mitodepressive and clastogenic
action ( Reddy et al., 1976). In Drosophila it
caused increased sex-linked recessive lethals
{Rapoport et al., 1971). A comparative mutage-
nic (Drosophila melanogaster sex-linked reces-
sive lethals) and cytogenetic activity (human

lymphocyte culture) evaluation demonstrated
Haloperitol to induce gene mutations bul no chro-
mosomal aberrations (Filippova and Jurkov, 1973).

Haloperidol induced SCE in vive in Swiss
albino mice at clinical doses given intraperit-
oneally (Kitchin et al., 1987). It also showed
leukemogenic and mutagenic activity in 2 strains
of mice following intra-peritoneal administra-
tion (Fey et al., 1982)

Haloperidol has been investigated both in
vitrg and in vive in human lymphocytes for its
cytogenetic effects. It was found to be non -
clastogenic in vitro as well as in vivo (van den
Berghe, 1974). But it was found to increase the
frequency of chromatid and isochromatid gaps
(Wagner, 1971) as well as to inhibit mitosis and
blast ransformation in vifre (Tsancheva, 1976),
It was also found to have clastogenic effect in
vivg in patients on long term therapy (Ahuja et
al., 1984).

Since reports on the genetic toxicology of
Haloperidol are controversial, the present study
was carmed out to evaluate the genotoxicity of
this drug in vifro on human lymphocyte chro-
mosomes, The various end points assessed were
chromosome aberrations, mitotic index, cell
growth kinetics and sister chromatid exchanges
(SCEs).

MATERIALS AND METHOD

Peripheral blood samples were taken from
three normal healthy donors who had not un-
dergone any radiation exposure and has not taken,
any drug therapy for at least 4 weeks before sam-
pling. Cultures in duplicate were set up for each
treatment. Whole blood { 0.4ml) was inoculated

~into 4.5 ml of RFMI 1640 (GIBCO) medium
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conlaining human AB serum, phytohasmag-
glutanin (FHA ), Penicillin- streptomycin mix-
ture and 5-Bromodeoxyuridine (Brd L) { 200M).

The drug Haloperidol (Serenace ampoule,
Searle, Bombay, Lot 072B) was diluted with dou-
ble distilled water and added at the start (72 hr
exposure) 24 hiours (48 hr exposure) and 48 hours
{24 hr exposure) after the initiation of cultures,

The concentrations tested at each exposure
tme were 5, 25, 100 and 500 ng'ml. The first
two concentrations commesponded to the plasma
level range after therapeutic doses in man (Miya-
zaki et al., 1981, McBumey and George, 1984;
Smitk: et al., 1982; Mavroides et al., 1982). Un-
treated cultures served as negative concurrent
controls for the base line frequency of the pa-
rameters assaved.

Culturing was done for 72 hours. Harvest
included colchicine { 0,04 pg/m] ) and hypatonic
treatment (0.56% KCL) following by fixation
n 31 methanol-acetic acid. The slides were pre-
pared by flame drying and stained by the FPG
techmigue ( Perry and Wolfl, 1974). All slides
were coded before scoring and decoded at the
time of statistical analysis. The following pa-
ramelers were assayed:

{. Chromasome Aberration Frequency : At-
tempt was made to screen 100 well spread
metaphase plates for each in vitre treatment and
control. The aberrations recorded were chroma-
tid and isochromatid lesions, fragments, ex-
change figures, pulverised chromosomes, endo-
reduplications and polyploidy,

2. Mitotic Index : The number of metaphases
in 100 cells were counted in the 72 hours treat-
ment and controls. The per cent mitotic index
{MI) was calculated as

Per cemt M1 = ot cel seove ™ |0

1. Cell Growth Kimetics : The frequency of
metaphases after one replication (M}, two rep-
lications (M5) and three replication (M) based
on the differential staining pattern following
Brdll incorporation were recorded inover 100
metaphases for 72 hour treatment and control.
The replication index ( RI) was calculated as

RE = [Lx My] + (2 x M) + (3 = My
M, + M, + M,

where M, is the number of metaphases show-
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mg all chromosomes darkly stained, M, with all
chromosomes differentially stained, and M with
about half the chromosomes differentially
stained and the rest lightly stained.

4, Sister Chromatid Exchanges { SCEx) - A-
tempt was made to score SCHs in over 20 well
spread metaphase with differential staining.
Centromeric exchanges were excluded because
of difficulty in identifying true exchanges from
twisted chromatids at the centromere.

Statistical Amalvsiy : The chi-square test for
homogeneity was done for each ireatment as well
as control cultures to determine the variations
between donors for the effect of the drug. The
chi-square contingency test was performed to
compare total aberrant metaphases | the mitotic
index and cell growth kinetics between each of
the treatment and the control. Student’s “t-test”
was done to compare the frequency of chromo-
sormal aberrations as well as sister chromatid ex-
changes between the treated and control culnires.

RESULTS

The chi-square homogeneily test indicated
no significant difference between the response
of different donors to the drug treatment. Hence
the data were pooled from the donors for statis-
tical analysis.

4 gignificant increase in abnormal metaph-
ases as well as chromoXome aberrations was
observed at concentrations of Haloperidol at
upper plasma level (25 ng/ml) and higher con-
centrations { Table 1). This increase was observed
for all exposure times (72, 48 and 24 hr). Chro-
matid gaps were the most predominantly ob-
served aberrations.

Halopendol was found to decrease signifi-
cantly the mitotic index compared to the control
at all concentrations evaluated { Table 2 ). There
was a sudden decline in the mitotic index ai con-
centrations higher than the plasma level, These .
results indicate that Haloperidol has a detrimen-
tal effect on the rate of mitosis in lymphocyte
cultures and that higher concentration may even
be cytotoxic.

The results of cell growth kinetics follow-
ing Haloperidol exposure are given in table 3.
The 2x3 chi-square contingency test indicated
no significant deviation from the control culbure.
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Table 1: Analysis of chromosome aberrations after Haloperidol Exposure in virie

Treatmenr  Howrs of Mo, o Mo, af Per cent Mo, of Gaps No. af Breaks Orher  Per cenr
{rimd) arposure  metopharer  abnormal  abnormel Chro- Ito-chro Chro- Isockro aberro- aberra-
seored melaphares meraphases  mard  maid -maiid -omanid | -fons -Hors
500 T 211 12 568" 5 4 2 I 568
48 170 12 T.05*% L] fi F.ER T.05"
4 240 17 fu. B2 14 3 682
1040 T2 2 16 f.95" T k. 3 1 7.02%
48 00 12 T.33 12 ] 2 P, P 6.66*
24 300 24 g.00* 12 [} 2 P 533"
25 12 188 17 550 11 2 3 | EX.F h.59%
48 247 19 165" 5 ] 7 ip 509"
M4 Fili) 14 T.00* 10 3 Ex T7.50%
5 T2 Jxp 15 5.00 T i 1 qp 3.66
48 265 13 4.50 7 2 1 AF, 2P 4.52
24 217 9 4.14 B 2 4.50
Control 30y L] .00 4 2 4F 200

* = P05 PC = Pulverised chromosames, ER = Endoreduplication; Ex = Exchange figure: P = Polyploidy

Table 2: Analysis of Mitotic Index after Haloperidal

EEPOSUTE o wiirg
Treatmeni Mo af Ny, Percens
{rg i) calls af Mitotic
seored  Metaphases  Index
S0y 3, 0oy 32 1.06*
1 o LR 32 1.06%
13 3,0k L] 1.43%
5 3.0l 41 1.43*
Control 3. (el 11 143
*=p= 0035

Thus Haloperidol was found not to affect the cell
turnover rate of lymphocytes in cultures in vifro,

A sipnificant increase in SCE frequency was
observed for all exposure times at concentration
higher than plasma level (100 and 500 ng/ml)

[25ng/ml) the SCEs were significantly increased
following 48 and 24 hr exposure (prior to fixa-
tion) but not after 72hr exposure. At the upper
plasma level [ 25ng/ml) the SCE frequency was
significantly increased only following 24hr ex-
posure but mot 48 and 72 hr exposure,

These observations probably indicate that
the SCE induction by Haloperidol is dependent
not only on the concentration of the drug buat
also on the time and the number of cell cycles

following exposure.

Table 4: Analysis of Sister Chromatid Exchanges (SCE)
after Haloperidol exposore in witre

Trear  Howrsaf  Nooof  Tofal Rﬂ.ngenf SCE per
(ngimi} exposure meiophases SCE cell

, ; 500 72 g1 73 28 4.60%
(Table 4). At concentrations corresponding to 4B T O185 211 S0
plasma level, however, some interesting obser- " ;; g}r ﬂ; ]-]_g Jgﬂ'
: 1 1 424
vations were made. At the upper plasma level iB 26 458 201 530w
24 89 414 09 4.465°
25 T2 Th K_H 18 1%
Table 3 : Analysis of cell Growth Kingties (CGK) afier 48 76 330 1=10 434+
Haloperidol expesure in vitro 24 25 106 110 4.24%
- 5 72 %9 47 10 380
Trear-  No.oaof Per cent cells Repii- 2% 3 4% B4 iz -1 371
ment  celly cation ¢ 24 75 k¥ 14 4.38*
(ng/mi) scored M, M, M, lndex 1en Control 102 362 1-8 158
500 352 1931 4659 3408 214 NS " =p <005
100 e 2853 1560 35BS 207 NS '
25 462 2337 3506 4155 218 NS DISCUSSION
3 297 1358 4377 3XG6S 108 M5
Control 460 2304 3291 1804 215 Haloperidol was found to cause chromo-
NS = Not significant a1 5% level some damages at concentrations corresponding
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to upper plasma level and higher than that. Maxi-
mum damage seen was in the form of gaps. The
studies of Wagner { 1971) who 1 an in-
crease in isochromatid and chromatid gaps in
human chromosomes following Haloperidol
exposure in vitro, and of Tsancheva (1976), who
found a weak mutagenic/clastogenic activity of
Haloperidol in vitro, support the present obser-
vations. However , the studies of van den Berge
(1974) contradict the present finding.

The guestion whether gaps should be in-
cluded in genetic toxicology siudies is rather
controversial. According to some workers gaps
are merely artefacts of processing and staining
iSchnitzel and Schmidt, 1976). On the other
hand, many workers feel that the gaps represent
a form of chromosome damage (Anderson and
Richardson, 1981; Hsu, 1982; Hansteen et al,
1984: Gebhart, 1982; Saxena and Ahuja, 1988).
Fragile sites, which are mainly expressed as gaps,
have been shown to be targets of mutagens and
carcinogens (Yunis, 1987). Therefore, the role
of gaps in genetic toxicology cannot be ignored
(Ahuja and Shobha Rani, 1985; Prasad et al,,
1988). Perhaps Haloperidol may be considered
a5 gap inducer rather than a clastogenic agent.
Mareover, this drug may be classified as a weak
mutagenic till the importance of gaps in genetic
toxicology is verified.

The mitotic index analysis of the lymphocyte
culiures following Haloperidol exposure indi-
cated significant mitodepression as compared to
the unireated controls (Table 2 ). The study of
Tsancheva (1976) and Nahas et al. (1979) sup-
port our observation,

Cell growth kinetics ( average lymphocyte
division time ) analysis is a sensitive method for
detection of mitotic delay or stimulation of
lymphocyte cultures ( Tice et al., 1976; Crossen
and Morgan, 1977; Morimoto and WolfT, 1980).
The present study indicated no significant ef-
fect of Haloperidol on the cell growth kinetics
of lymphocyte cultures in vitro (Table 3).

Thiz probably indicates that Ha
inhibits the DNA synthesis and blast transfor-
mation of lymphocytes ( as indicated by mitotic
index ) but does not significantly affect the cell
cycle time of the transformed cells.

Sister chromatid exchanges are considered
to be sensitive indicators of DNA damage with

RENLI SAXEMNA ANDY. R. AHUIA

the frequency of SCEs significantly increased
at non-clastogenic concentrations of known
mutagens (Latt, 1974; Carrano et al,, 1978), A
similar trend was observed with Haloperidol
which demonstrated an SCE inducing poten-
tial at all concentrations of the drug evaluated
including the concentration at lower plasma level
which did not induce any chromosome damage
(Tahle 4). The in vive induction of SCEs by clini-
cal doses of Haloperidol in Swiss albino mice
{Kitchin et al., 1987) supports our ohservations,
On the contrary Lamberti et al. (1980} studied
the SCE frequency in patients on long term
therapy with Haloperidol, and found no increase
in the mean SCE frequency between the treated
and control subject, though they observed a g-eat
individual variability,

Wariable results in the genotoxicity evalua-
tion of Haloperidol could be explained on the
basis of different experimental designs and dif-
ferent concentrations evaluated by different
workers, as well as the individual varabality in
the subjects. Our results in the present smady in-
dicate the genotoxic potential of Haloperidol,
Therefore it is advised that Haloperidol should
be prescribed with caution.
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