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ABSTRACT Tanners, welders and workers in various industries are exposed to acute and chronic toxicity of these
heavy metals world wide. The present work is undertaken to evaluate the genotoxic effects of Ni and Cr at two
different exposure intervals with a single dose and the amelioration of this toxicity using curcumin. Ni in form of
nickel chloride (4.216 X 10°M) and Cr as potassium dichromate (1.36 X 10°M) were exposed for 24 and 69 hours
to human blood lymphocyte cultures. The genotoxicity was measured by changes in acrocentric and telomeric
association and C-anaphase. Results revealed a significant positive correlation between DNA damage and exposure
time in Ni and Cr added cultures alone. Likewise it was also observed in cultures with combination of both pro-
oxidants. Groups supplemented with curcumin (3.87 X 107’M) showed insignificant cytogenetic damage indicating
its protective role which was calculated as percentage amelioration. Thus these data proved curcumin as a protective

agent against Ni and Cr induced genotoxicity.

INTRODUCTION

Chromium (Cr) and nickel (Ni) arewidely used
industrial chemicals. The carcinogenic potential
of metalsisamajor issuein defining human health
risk from the exposure (Wenwei Hu et al. 2004).
Welders, tanners and other occupationally ex-
posed workers continue to suffer both acute and
chronic health problems, which appear to be as-
sociated with exposure to Ni and Cr (Danadevi
et al. 2004). Acute intoxications continue to be
observed, consisting mostly of case reports of
Cr intoxication related to bronchitis and pneu-
monitis from inhalation of welding fume (Cog-
gon et al. 1994). Furthurmore, these metals are
also known to induce SCEs and chromosomal
aberrationsinin vitro condition in human blood
cultures (Rajvanshi et al. 2004).

Ni and Cr is known to induce DNA single-
strand breaks (SSBs) in human white blood cells
(Jelmert et al. 1994) aswell as cytogenetic dam-
age in peripheral blood lymphocytes of Ni and
Cr -exposed workers (Stern et al. 1988; Knudsen
et al. 1992; Danadevi et al. 2004). A recent hy-
pothesis has postul ated that oxidative stress may
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arise as aresult of imbalance between oxidants
and antioxidants, which contribute to the geno-
toxic effects of Ni and Cr exposure (Anatoly et
al. 2002). A dose and time dependent increasein
frequency of micronuclei was observed in hu-
man lymphocyte culture by Ni and Cr suggest-
ing the genotoxic effects of the heavy metals
(Rao et al. 2007). Contrarily therewas al so find-
ing that showed average SCE frequency for weld-
ers significantly lower than that for the control
group and DNA-protein cross-links were aso
higher among the welders than among the con-
trols (Popp et a. 1991; Costaet al. 1993).
Curcumin, amajor yellow pigment and active
component of turmeric powder extracted from
Curcuma longa L. (Gingiberaceae), has been
shown to possess anti-inflammatory and anti-
cancer activities (Baek et a. 2003). Dietary anti-
oxidants protect laboratory animals against the
induction of tumorsby avariety of chemical car-
cinogens. Among possible mechanism of pro-
tection against chemical carcinogenesis could
be mediated via-antioxidant-dependent induction
of detoxifying enzymes (Igbal et al. 2003).
Shishodiaet al. (2003) showed pre-treatment with
curcumin abolished the cigarette smokeinduced
genotoxic manifestations. Leu and Maa (2002)
advocated the chemopreventive and antitumor-
igenic effect of curcumin by elucidating the ef-
fect of curcumin on certain proteinslikearyl hy-
drocarbon receptor, cytochrome P450, glu-
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tathione S-transferase, serine/threonine kinases,
transcription factors, cyclooxygenase, ornithine
decarboxylase, nitric oxide synthase, matrix met-
alloproteinase and tyrosine kinases. Based on
previouswork in our laboratory, curcumin proved
to be a strong protective agent against arsenic
and fluoride induced genotoxicity (Rao and Ti-
wari 2006). Hence this study was undertaken to
evaluatetherole of thisherbal product on heavy
metal induced chromosomal aberrations in hu-
man blood cultures.

METHODOLOGY

Subjects: Venous blood was collected from
healthy non-smoking individual, aging from 20
to 25 yearsold, with their consent, in sterile hep-
arinised syringes. Detailed information regard-
ing the pre exposure of individual to any kind of
drugs or habitual insult was taken.

Peripheral blood lymphocyte culture (PBLC):
Cultureswere set-up for each individual accord-
ing to the standard protocol of Perry and Wolff
(1974). Seven ml of RPM1 —1640 (Himedia, Mum-
bai, pH 7.4) already supplemented with fetal calf
serum (FCS) (Himedia, Mumbai) 10%, antibiotics
(benzyl penicillinand streptomycin; Sarabhai Pi-
rama PharmaceuticalsLtd.,Vadodara. ) and 100-p
phytohemagglutinin (PHA) (5mg/5ml distilled
water; Sigma—Aldrich, USA), 0.5 ml of blood
were added. Toxicants were added at 0 hour and
at 45 hour of incubation so asto expose the cul-
turefor 69 hour and 24 hour respectively.

Atthe 69" hr., 30 L of colchicines (1mg/5ml
distilled water; Himedia, Mumbai) wasadded for
30 minutes so that those cells, which have en-
tered the dividing M phase, would be arrested at
the metaphase stage of cell division. At 72" hour
culture tubes were subjected to centrifugation
at 1200 RPM for 15 minutes. The pellet obtained
after centrifugation was treated with hypotonic
solution (0.075 M KCI; Merck, Germany) for 20
min at 37°C. These cellswere then fixed by 1:3
aceto:methanol fixative and profusely flushed,
and were given at |east three washes of fixative.

Slides were prepared from the cell suspen-
sion obtained after two washes with fixative.
These dlides were then stained with 2% Geimsa
stain (Himedia, Mumbai) and observed under the
microscope at 100x for scoring acrocentric asso-
ciation and C-anaphasein 100 metaphase plates.

Groups Studied: Cultureswere divided into
eight groups. Group | wastest control. Whilein
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Group Il curcumin alone was added (10ul/7ml
media, 3.87 X 107M; Himedia, Mumbai). Group
I11 and Group IV weretreated withNi (NiCl_ 4.216
X 10°M, Himedia, Mumbai) and Cr (KZCrZCZ)T 1.36
X 10°M; Himedia, Mumbai) respectively and
Group V with acombination of the same concen-
trationsof toxicants. GroupsVI ,VIl and V111 were
curcumin supplemented with Ni, Crand Ni + Cr.
The positive control ethyl methyl sulfonate
(EMS;Merck, Germany) wasa so done. Exposure
intervals (24hr.and 69 hr.) remained samefor all
thetest materials.

Analysisof Parameters: 100 Metaphaseplates
per group were analyzed under the microscope
for association and C-anaphase. Percentage of
amelioration was cal culated by using thefollow-
ing formula: (Rao and Tiwari ; 2006)

(Pro-oxidant Group—Respective Antioxidant Group) /
(Pro-oxidant Group — Control) x100

Statistical Analysis: The data was analysed
using student’s t-test. Results are expressed as
mean + SE. All thetreated groupswere compared
with the control group, and the curcumin-sup-
plemented groups were compared with their re-
spective pro-oxidant groups. P values less than
0.05 were considered to be significant.

RESULTS

After 24 hrs. of exposures, cultures treated
with nickel and chromium alone did not exhibit
remarkabl e alteration in the acrocentric associa-
tion, telomeric association and C-anaphase as
compared to control. Nickel + chromium added
cultures showed asignificant (p<0.001) increase
in acrocentric and telomeric associations. How-
ever, cultures treated with combination of pro-
oxidants showed no significant variation in C-
anaphase values. Ni and Cr alone and in combi-
nation with curcumin supplementation revealed
80% to 85% amelioration (Tables 1,3 & 5).

Prolonged exposure (69 hrs.) revealed that
acrocentric associ ation was significantly (p<0.01,
p<0.001) increased in the culturestreated with Ni
and Cr alonerespectively (Table- 2), whiletelom-
eric association also exhibited asignificant(p<0.05)
alteration (Table 4). However Ni and Cr treated
cultures exhibited no alterations in C-anaphase
values(Table 6). The combined groups (Ni + Cr)
had asignificant (p<0.001, p<0.05, p<0.05) increase
in frequency of acrocentric association and telo-
meric associations as well as C-anaphase values
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respectively (Tables 2,4 & 6). Curcumin co cul-
tureswith pro-oxidants after 69 hrs. exposurein-
duced a reduction in all these indices showing

amelioration from 66%t0 91% (Tables 2,4 & 6).

Tablel: Effect of curcumin on Ni- and/or Cr-induced acrocentric association in 100
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DISCUSSION

The present data described the genotoxic

effect of Ni and Cr in human blood cultureswith

Groups DD DG GG Multiple Mean + SE T- test % Amelieoration
Control 7.8 6.8 4.2 5.6 244 + 0.73 0

Curcumin 7.6 7.0 4.4 5.4 244 + 0.73 0

Nickel 8.2 7.4 4.8 6.0 264 + 134 1.309"

Chromium 8.6 7.8 5.0 6.2 276 + 223 1.361"

Ni+Cr 11.4 9.8 6.0 7.6 348 + 153 6.102*

Ni+Cur 8.0 6.8 4.6 5.4 248 + 1.05 0.312 s 80.0
Cr+Cur 8.0 7.0 4.4 5.6 250 + 135 0.392 " 81.3
Ni+Cr+Cur 8.0 7.0 5.0 6.0 260 + 157 0.922 s 84.6

metaphase plates in Human lymphocyte cultures after 24-hr exposure (n=5)
*p<0.001, ns non significant

Table2: Effect of curcumin on Ni- and/or Cr-induced acrocentric association in 100 metaphase plates
in human lymphocyte cultures after 69-hr exposure (n=>5)

Groups DD DG GG Multiple Mean + SE T- test % Amelieoration
Control 8.0 6.4 4.2 5.6 242 + 0.70 0

Curcumin 7.8 6.8 4.4 5.6 246 + 073 0.395 s

Nickel 9.8 7.4 5.2 7.4 298 + 155 3.288*

Chromium 11.0 8.0 6.4 8.2 336 + 164 5.276**

Ni+Cr 13.0 9.2 7.2 9.0 384 + 127 9.806**

Ni+Cur 8.2 6.6 4.4 5.8 250 = 0.90 0.699 s 85.7
Cr+Cur 9.0 7.4 4.4 5.8 266 * 1.23 1.698 74.4
Ni+Cr+Cur 11.0 7.0 5.0 6.0 290 + 132 3.216* 66.2

*p<0.01, **p<0.001, ns non significant

Table 3: Effect of curcumin on Ni- and/or Cr-induced telomeric association in 100 metaphase plates in
human lymphocyte cultures after 24-hr exposure (n=5)

Groups Chromatid ~ Chromosomal Mean + SE T- test % Amelieoration
Control 9.4 3.6 130 * 076 0

Curcumin 9.6 3.6 132 =+ 050 0.217 s

Nickel 10.0 3.8 138 + 141 0.496 "

Chromium 10.2 4.0 142 = 235 0.484 s

Ni+Cr 13.4 5.4 188 + 1.20 4.059*

Ni+Cur 9.6 3.6 132 =+ 105 0.153 s 75.0
Cr+Cur 9.8 3.4 132 = 125 0.136 83.3
Ni+Cr+Cur 10.2 3.4 136 + 153 0.35" 89.7

*p<0.001, ns non significant

Table 4: Effect of curcumin on Ni- and/or Cr-induced Telomeric Association in 100 metaphase plates in

Human lymphocyte cultures after 69-hr exposure (n=5)

Groups Chromatid Chromosomal Mean + SE T- test % Amelieoration
Control 9.4 4 128 + 0.72 0

Curcumin 9.6 3.4 130 * 0.72 0.1968

Nickel 11.0 4.0 150 + 155 1.2883

Chromium 12.4 5.4 178 + 1.28 3.40785*

Ni+Cr 13.8 6.2 200 + 186 3.60321*

Ni+Cur 9.4 3.6 130 = 104 0.15847 " 91
Cr+Cur 10.0 3.4 134 + 130 0.40372 " 88
Ni+Cr+Cur 10.2 4.0 142 + 1.38 0.89891 s 80

*P<0.005, ns non significant
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Table 5: Effect of curcumin on Ni- and/or Cr-induced C-anaphase in 100 metaphase plates in human
lymphocyte cultures after24-hr exposure (n=5)

Groups C- Anaphase Meanstd error T- test % Amelieoration
Control 0.6 0.6 * 040 0

Curcumin 0.6 06 = 024 0

Nickel 1.0 1.0 + 063 0.5345 "

Chromium 1.4 14 = 074 0.9428 s

Ni+Cr 2.0 20 += 070 1.72328 s

Ni+Cur 0.8 08 + 0.37 0.36515 " 50
Cr+Cur 1.0 10 + 040 0.70711 s 50
Ni+Cr+Cur 1.2 1.2 + 058 0.84853 s 57

ns non significant

Table 6: Effect of curcumin on Ni- and/or Cr-induced C-anaphase in 100 metaphase plates in human
lymphocyte cultures after 69-hr exposure (n=5)

Groups C- Anaphase Mean + SE T- test % Amelieoration
Control 0.8 08 * 0.58 0

Curcumin 0.6 0.6 + 040 0.28284

Nickel 2.4 24 + 0.93 1.46059 "

Chromium 3.6 36 = 1.03 2.36643 "

Ni+Cr 4.2 42 + 174 1.84936 "

Ni+Cur. 1.2 12 = 058 0.48507 " 75.0
Cr.+Cur 1.4 14 = 061 0.71307 s 78.5
Ni.+Cr.+Cur. 1.4 14 + 051 0.7746 ™ 82.3

*p<0.05, ns non significant

respect to acrocentric satellite association, telo-
meric association and C-anaphase. It is known
that nickel (11 and chromium (111) enter the cell
directly while Cr (V1) penetrates only by means
of sulfate ion channel. After entering into the
cell it convertsinto thestableform Cr(l11) (Kerg-
eretal. 1997). TheseNi(I1) and Cr(l11) ions accel-
erate the formation of the free radicals which
causelipid peroxidation aswell asDNA damage.
These free radicals also inhibit the DNA repair
enzymes followed by cell cycle regulatory en-
zymes proteinsleading to low cell proliferation.
Chromium and nickel compounds further inter-
act with DNA repair processes that lead to an
enhancement of genotoxicity in combinationwith
avariety of DNA damaging agents (Klein et al.
1991; Kasprzak 1991). Millosevic et a. (2005)
showed that the newborns exposed to environ-
mental pollutant containing Ni and Cr illustrate
high frequency of micronuclei, which supports
our finding . Thus both metal compounds are
potential in bringing about cytogenetic attrition
inducing genotoxicity.

Telomeres protect theend of the chromosome
against degradation, inappropriate recombina
tion and fusion events. Telomeric shortening
might lead to sticky ends which join to result
into nondigjunction inforth coming cell division

(Blackburn 2001). Telomeric sequencesare also
lost with cell division alongwith other causes
including oxidative stress (Von et al. 1995; An-
drei and Peter 2003). In addition tolossof telom-
eric DNA with replication, oxidativedamage of
telomeric DNA is an important cause of the te-
lomereshortening followed by tel omeric associ-
ation in normal human somatic cells (Saretzki
2002; Collinsand Mitchell 2002). Thisaccelera
tion was attributed to the enhancedinduction of
telomeric single strand breaks by free radicals,
leading to the loss of the distal fragments of te-
lomeric DNA following replication (Sitte et al.
1998). Other studiesrevea ed that telomericDNA
isapreferential target for oxidative damage (Henle
et al. 1999; Oikawa and Kawanishi 1999). Liu
et al. (2002) reported arsenic induces telomeric
association by enhancing the oxidative stressin
the cells. Similarly our results supported an in-
creased telomere association probably due to
telomeric shortening in cultures added with pro-
oxidants.

The fission of two or more nucleoli would
tend to stretch mechanically the nucleolar form-
ing chromosome segment with obvious risk of
breakage. If breaks occur in more than one of the
chromosomesinvolved the closeness of the bro-
ken endswould predispose to translocations and
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the acrocentirc satellite association (SA) would
thus be active also in the origin of translocation
between satellite chromosomes. A highincidence
of SA asaresult of any chemical insult has often
been considered as causative to an increased
tendency of nondisjunction and thus to the in-
duction of D and G trisomies or structural aber-
ration. The elevated frequency in acrocentric
satellite association in our study, is attributed to
the ability of pro-oxidantsto induce DNA dam-
age.
The appearance of C-anaphaseindicated the
premature onset of anaphasein Ni and Cr arrest-
ed mitotic lymphocyte cells. Huang et al. (1998)
demonstrated that heavy metals could interfere
with thefunctions of mitotic spindles by attenu-
ating the dynamics of tubulin and hence, induce
mitotic arrest in HeL a cells. In our study, thses
datademonstrated that Ni and Cr also likely block
the onset of metaphase to anaphase transition,
this inhibition could be due to spindleinactiva-
tionin pro-oxidant treated mitoticcells. Thereaf-
ter, the defective bipolar spindles would not al-
low completion of normal chromosome segrega-
tion and cytokinesis. Totrigger the transition of
metaphase into anaphase, the exitfrom mitosis
and cytokinesisis generally known to beviathe
activation of APC/C, amulti-subunit complex with
ubiquitin-ligaseactivity (Townsley et al. 1998) ,
and by its association with activator proteins
p55cdc20 or cdhl to form the APC/C™2 or APC/
C complex (Burke 2000) . TheAPC/C*° com-
plex isrequired for the onset of anaphaseby trig-
gering the proteolytic degradation of Pdsl
(Nasmyth et al. 2000), whereasthe APC/C" com-
plex isneeded for cytokinesisand mitoticexit by
compl ete degradation of mitotic cyclins(Visintin
et a. 1997). The sequential activation of APC/
Cede20 gnd APC/C" plays a key role in estab-
lishing the temporal order of cell cycle control
(Nigg 2001). Ni and Cr possibly hampered cell
cycleregulation by directly interacting with these
proteinsand inducing animbalancein cell cycle.
Disruption of thetemporal order of cell cycle pro-
gression might severely alter chromosome seg-
regation and lead to loss of genomic integrity
(Nigg2001; Cerutti and Simanis2000; Luch2002).

Curcumin supplementation brought about
protective effect on nickel and chromium induced
genotoxicity, as the values of acrocentric asso-
ciation, telomeric association and C-anaphase
were comparableto control cultures. Itsamelio-
ration effect is related to possession of parahy-
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droxy! groups, which have antioxidant activity
while other reactive groupslike keto and double
bonds of curcumin have anti mutagenic effects.
Hence this herbal product scavenges and neu-
tralizesfreeradical generated during toxic reac-
tionsin responseto the chemical insult, by break-
ing their subsequent oxidative chain reactions
(Das and Das 2002; Rajvanshi et al. 2004). In
conclusion, curcumin proved to beavery strong
protective agent against Ni and Cr induced geno-
toxicindicesin our study.

CONCLUSON

To conclude, our study suggests that the
curcumin had the potential ameliorative effect
on nickel and chromium exerted genotoxicity in
vitro.

ACKNOWLEDGEMENT

Thiswork is supported by Univrsity Grants
Commision (UGC) New Delhi toMVR.

REFERENCES

Anatoly Z, George Q, Joseph M, Zhanna M 2002. Re-
ductive activation with cysteine represents a chro-
mium (I11)-dependent pathway in the induction by
carcinogenic chromium(VI). EHP, 110: 729-731.

Andrei T, Peter ML 2003. Role of oxidative stress in
telomere shortening in cultured fibroblasts from
normal individuals and patients with ataxia-telang-
iectasia. Human Molecular Genetics, 12(3): 227-
232 .

Baek OS, Kang OH, Choi YA, Choi SC, Kim TH, Nah
YH, Kwon DY, Kim YK, Kim YH, Bae KH, Lim
JP, Lee YM 2003. Curcumin inhibits protease-ac-
tivated receptor-2 and -4-mediated mast cell acti-
vation. Clin Chim Acta, 338(1-2): 135-141.

Blackburn EH 2001. Switching and signaling at the te-
lomere. Cell, 106: 661-673.

Burke DJ 2000. Complexity in the spindle checkpoint.
Curr Opin Genet Dey, 10: 26-31.

Cerutti L, Simanis V 2000. Controlling the end of the
cell cycle. Curr Opin Genet Dev, 10: 65-69.
Collins K, Mitchell JR 2002. Telomerase in the human

organism. Oncogene, 21: 564-579.

Costa M, Zhitkovich A, Toniolo P 1993. DNA-protein
cross-links in welders: molecular implications. Can-
cer Research, 53: 460-463.

Danadevi K, Roya RB, Saleha B, Paramjit G 2004. Geno-
toxic evaluation of welders occupationally exposed
to chromium and nickel using the Comet and mi-
cronucleus assays. Mutagenesis, 19: 35-41.

Das KC, Das CK 2002. Curcumin (diferuloylmethane)
a singlet oxygen (O,) quencher. Biochemical and
Biophysical Research Communications, 295(1):
62-66

Henle ES, Han Z, Tang N, Rai P, Luo Y, Linn S 1999.



306

Sequence-specific DNA cleavage by Fe?*-mediated
fenton reactions has possible biological implica-
tions. J Biol Chem, 274: 962-971.

Huang SC, Lee TC 1998. Arsenite inhibits mitotic divi-
sion and perturbs spindle dynamicsin HeLa S3 cells.
Carcinogenesis (Lond.), 19: 889-896.

Igbal M, Sharma SD, Okazaki Y, Fujisawa M, Okada S
2003. Dietary supplementation of curcumin en-
hances antioxidant and phase |l metabolizing en-
zymes in ddY male mice: possible role in protec-
tion against chemical carcinogenesis and toxicity.
Pharmacol Toxicol, 92(1): 33-8.

Jelmert @, Hansteen IL, Langard S 1994. Chromosome
damage in lymphocytes of stainless steel welders
related to past and current exposure to manual metal
arc welding fumes. Mut Res, 320: 223-233.

Kasprzak K 1991. The oxidative damage in metal car-
cinogenicity. Chemical Research in Toxicology, 4:
604-615.

Kerger BD, Finley BL, Corbet GE 1997. Ingestion of
chromium (V1) in drinking water by human volun-
teers. Absorption, distribution and excretion of sin-
gle and repeted doses. Journal of Toxicology and
Environmental Health, 50: 67-95.

Klein CB, Frenkel K, Cost M 1991. The role of oxida-
tive process in metal carcinogenesis. Chemical
Research in Toxicology, 4: 592-603.

Knudsen LE, Biosen T, Christensen JM 1992. Biomon-
itoring of genotoxic exposure among stainless steel
welders. Mut Res, 279: 129-143.

Leu TH, Maa MC 2002. The molecular mechanisms
for the antitumorigenic effect of curcumin. Curr
Med Chem Anti-Canc Agents, 2(3): 357-370.

Liu L, Trimarchi JR, Navarro P, Blasco MA, Keefe DL
2003. Oxidative stress contributes to arsenic-in-
duced telomere attrition, chromosome instability
and apoptosis. J Biol Chem, 278: 31998-32004.

Luch A 2002. Cell cycle control and cell division: im-
plications for chemically induced carcinogenesis.
Chembiochem, 3: 506-516.

Milosevic-Djordjevic O, Grujicic D, Arsenijevic S,
Marinkovic D 2005. Monitoring of Lymphocyte
Micronuclei among Newborns from Kragujevac in
Central Serbia before and after Environmental
Contamination. Tohoku Journal of Experimental
Medicine, 205(1):1-9.

Nasmyth K, Peters JM, Uhlmann F 2000. Splitting the
chromosome: cutting the ties that bind sister chro-
matids. Science (Wash. DC), 288: 1379-1385.

Nigg EA 2001. Mitotic kinases as regulators of cell
division and its checkpoints. Nat Rev Mol Cell Biol,
2: 21-32.

Oikawa S, Kawanishi S 1999. Site-specific DNA damage
at GGG sequence by oxidative stress may acceler-
ate telomere shortening. FEBS Lett, 453: 365-368.

Perry P, Wolff S 1974. New Geimsa method for the

M. V. RAO, D. D. JHALA, A. PATEL AND S. S. CHETTIAR

differential staining of sister chromatids. Nature,
251: 156-158.

Popp W, Vahrenholz C, Schmieding W, Krewet E, Nor-
poth K 1991. Investigation of the frequency of
DNA strand breaking and cross-linking and of sis-
ter chromatid exchange in the lymphocytes of elec-
tric welders exposed to chromium- and nickel-con-
taining fumes. Int Arch Occup Environ Health, 63:
115-120.

Rajvanshi M, Hydrabadi VR, Rao MV, Chinoy NJ 2004.
Role of a herbal antioxidant on nickel induced geno-
toxicity in human blood cultures. In: PP Reddy, C
Manohara, A Jyothy (Eds.). Trends in Cytology
and Genetics.Hyderabad. Pp. 217-224.

Rao MV, Tiwari H 2006.Amelioration of melatonin of
chromosomalanomalies induced by arsenic and/or
fluoride in human blood lymphocyte culture. Fluo-
ride, 39(4): 251-256.

Rao MV, Jhala DD, Chettiar SS, Patel A, 2007. Evalua-
tion of curcumin as potential herbal agent for miti-
gation of nickel and chromium induced micronuclei
in human blood cultures. Curr Trends in Biot Pharm,
(In press).

Saretzki G, Von ZT 2002. Replicative aging, telomeres,
and oxidative stress. Ann. NY Acad Sci, 959:24—
29.

Shishodia S, Potdar P, Gairola CG, Aggarwa BB 2003.
Curcumin (diferuloylmethane) down-regulates cig-
arette smoke-induced NF-kappaB activation
through inhibition of IkappaBalpha kinase in hu-
man lung epithelial cells: correlation with suppres-
sion of COX-2, MMP-9 and cyclin D1. Carcino-
genesis, 24(7): 1269-1279.

Sitte N, Saretzki G, Von ZT 1998. Accelerated telom-
ere shortening in fibroblasts after extended periods
of confluency. Free Radic Biol Med, 24: 885-893.

Stern RM, Hansen K, Madsen AF, Olsen KM 1988. In
vitro toxicity of welding fumes and their constitu-
ents. Environ Res, 46: 168-180.

Townsley FM, Ruderman JV 1998. Proteolytic ratch-
ets that control progression through mitosis.
Trends Cell Biol, 8: 238-244.

Visintin R, Prinz S, Amon A 1997. CDC20 and CDH1: a
family of substrate-specific activators of APC-de-
pendent proteolysis. Science (Wash. DC), 278: 460-
463.

Von ZT, Saretzki G, Docke W, Lotze C 1995. Mild
hyperoxia shortens telomeres and inhibits prolif-
eration of fibroblasts: a model for senescence? Exp
Cell Res, 220: 186-193.

Wenwei H, Zhaohui F, Moon-shong T 2004. Nickel
(1) enhances benzo[a]pyrene diol epoxide-induced
mutagenesis through inhibition of nucleotide exci-
sion repair in human cells: a possible mechanism
for nickel (I1)-induced carcinogenesis. Carcinogen-
esis, 25(3): 455-462.



