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Abstract. The toxicities and oxidative stress-inducing actionsproduction (Bagchi Met al. 1995; Hahret al. 1991), inhibition

of (—)-nicotine and smokeless tobacco extract (STE), containef cell metabolism and proliferation (Konnet al. 1991,

ing equivalent amounts of nicotine, were studied. ToxicitiesWaggoner and Wang 1994), and induction of nuclear aberra-
were determined by colony formation assays using Chineséons (Livingstoneet al. 1990; Doolittleet al. 1995) are some of
hamster ovary (CHO) cells. Results indicated that nicotine igshe common results of smokeless tobacco extract and nicotine
less toxic than smokeless tobacco extract that contained thedministration. In addition, it has been demonstrated that both
same amount of nicotine. The generation of reactive oxygemicotine and smokeless tobacco administration result in genera-
species, following treatment with smokeless tobacco extraction of reactive oxygen speciesiimvitro experimental systems
and nicotine, was assessed by measurement of changes (Bagchi Det al. 1995; Wetscheet al. 1995a). Treatment of rat
glutathione (GSH) and malondialdehyde (MDA) levels. CHO peritoneal macrophage and J774.1 macrophage cells in a
cells (5 10° cells/5 ml media) were incubated with 4, 0.8, and culture with smokeless tobacco extract has been shown to
0.08 mg of nicotine and STE containing the same amounts dihduce nitric oxide production (Hassouet al. 1995) and
nicotine. All preparations of smokeless tobacco extract signifigeneration of free radicals in other experimental systems
cantly decreased GSH levels and increased MDA generatiofiBagchiet al. 1996). In similar sets of experiments, nicotine has
However, 0.08 mg of nicotine treatment did not result in aalso been shown to induce free radical generation, as evidenced
significant change in GSH level, and only 4 mg of nicotine werepy changes in intracellular oxidative stress parameters such as
sufficient to increase MDA generation. Addition of free radical glutatione (GSH) and malondialdehyde (MDA) (Wetscéeal.
scavenging enzymes, superoxide dismutase (SOD) and catalaggosh; Ashakumary and Vijayamal 1996; Yildizal. 1998).

(CAT), and an intracellular GSH precursor, N-acetyl-L-cysteine  Some of the biological and physiological endpoints of
(NAC), replenished the GSH levels in nicotine-treated cells.tobacco consumption have been attributed to its major alkaloid,
GSH levels in cells exposed to smokeless tobacco extragiicotine (Connollyet al. 1986; Benowitz 1988). However, there
containing 4 and 0.8 mg nicotine remained significantly lowerhas not been any study directly comparing the extent of the
than the control with the addition of SOD and CAT. However, effects of nicotine and smokeless tobacco extract on the same
co-addition of NAC with smokeless tobacco extract preparapiological parameters. Therefore, the objective of this study
tions returned the GSH levels to the control level. Lactatewas to compare the effects of pure nicotine and smokeless
dehydrogenase (LDH) activities were measured in the media t@pbacco extract, containing the same amount of nicotine,
establish the membrane damage following exposure to smokenduced toxicities and oxidative stress. The study also investi-
less tobacco extract and nicotine. Treatment of cells with 4 m@ated the effects of antioxidant enzymes and of N-acetyl-L-
nicotine caused a significant increase in LDH activity, whichcysteine (NAC) on nicotine- and smokeless tobacco extract-
was returned to control level in the presence of the antioxidaninduced toxicity and oxidative stress.

enzymes and NAC. Smokeless tobacco extract did not change

the LDH activity.

Materials and Methods

inese hamster ovary (CHO) K1 cells were obtained from American
The effects of an aqueous extract of smokeless tobacco a ype Culture Collection (Rockville, MD). The items required for the

nicotine have been extensively studied in separately designed maintenance of cell cultures, Ham’'s F-12 media, fetal calf serum

vivo andin vitro experimental sys_tems u_sing either ni_cotine OF (FCS), and glutamine were obtained from Sigma Chemical Company
smokeless tobacco extract (Schievelbein 1982; Christeal.  (st. Louis, MO). Catalase (CAT), superoxide dismutase (SOD), lactate
1990; Grosset al. 1995). Alteration of heat shock protein dehydrogenase (LDH), and-{-nicotine were also purchased from
Sigma. N-(1-pyrenyl)-maleimide (NPM) was purchased from Aldrich
Chemical Company (St. Louis, MO). Bradford reagent was obtained
from BioRad (Melville, NY). The HPLC-grade reagents were pur-
Correspondence td\. Ercal chased from Fisher Scientific (St. Louis, MO). Smokeless tobacco was
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obtained from University of Kentucky, Tobacco and Health Researchlistilled water, allowed to air dry, and the number of colonies were then

Institute (Lexington, KY). counted. The plating efficiency was calculated as follows: plating
efficiency = colonies counted/cells seeded 100. The survival
fraction was calculated as follows: survival fraction colonies

Preparation of Smokeless Tobacco Extract and counted / cells seeded (plating efficiency,nyo/ 100) (Hall 1988).
Quantitation of Nicotine Content

Oxidative Stress Studies
Extraction: Chewing tobacco (80 g) was cut into small pieces and

stirred in distilled water (300 ml) for 24 h in the dark at room . . .

temperature. The mixture was filtered and the filtrate was centrifuged &¢€!IS from exponentially growing cells were established(80° / 5
4,000 g for 1 h. The supernatant fraction was filtered through a™! media) in culture flasks. Afte4 h of incubation to allow cell
millipore filter (0.45 pm) and frozen, then put onto a freeze-drier. The@ttachment, various concentrations of nicotine (0.08 mg, 0.8 mg, and 4
sample was not taken to dryness, but was stopped and then thawed rﬁzg) gnd smokeless tobacco e_xtract containing the same amounts of
give 60 ml of solution. NaOH (1 mifdl N solution) was added to 1 ml nicotine were added to the_me_d|a. Cells were then further incubated for
of the above solution. The mixture was extracted with ether (4 ml) until24 N in the presence of{)-nicotine or smokeless tobacco extract. SOD
additional extraction did not show any nicotine peak by gas chromatog(10 units/ml) and CAT (10 units/ml) or NAC (2 mM) were added along
raphy (usually this occurred by five extractions). An internal standardVith nicotine and smokeless tobacco extract. At the end of the
of 1 ml (50 mM anthranilamide in methanol) was added to the |ncub_a_t|0n, LDH activity was assay_ed in the media. T_he _(:eIIs were
combined etheral extract, and the mixture was concentrated on a waté¥PSinized, collected, and homogenized for the determination of GSH
bath at 45°C to about 2 ml (Raiet al. 1986). and MDA levels.

Equipment: Analyses were carried out on a Hewlett Packard (Corval- S
Iig OF;Q) model 58{)0 series |l gas chromatograph equipped Wit(h aflamg'SH and MDA Determination

ionization detector and HP 3396 series Il integrator. The column was a

DB5 (J&W Scientific, 30 mx 0.25 mm ID, 0.25 pm film thickness). Details of the GSH and MDA measurements and of the HPLC systems
Helium was used as the carrier gas. The temperatures for injector antere described in a previous study (NeaeRal. 1997). MDA levels
detector were set at 220°C and 250°C, respectively. A split ratio ofwere determined as described by Dragieal. (1993) and Esterbauet
about 100/1 was used for all the analyses. Nicotine and the internadl. (1991). The GSH numerical values for the different experiments
standard in the sample extract were eluted from the column as shaigried due to GSH fluctuations. For this reason, we converted the
and symmetrical peaks within 12 and 20 min, respectively. numbers to percent control to represent the data more clearly.

Calibration Curve: A calibration curve for nicotine was constructed o

over a range of 20—100 mM of nicotine in water. The data wereLDH Activity Assay

subjected to linear regression analysis to give the appropriate calibra-

tion factor. The calibration curve was found to be linear over the rangerhe LDH activity assay was performed as described previously (Tietz

of concentrations 20—-100 mM (correlation coefficient 0.996). 1986). For the LDH measurements in a cell free system, 3 pl of LDH
stock solution (1,000 U/ml) were added to the media (5 ml) containing
either nicotine or smokeless tobacco extract. Samples were then

Cells and Culture Conditions removed at 0-, 4-, and 24-h time intervals for the determination of LDH
activities. For time 0, samples were taken as soon as LDH was added to

CHO cells were propagated in Ham's F-12 culture media supplementet e meo_lla}_contalnlng either nlt_:otlne or smokeless tobacco extract.
DH activities were then determined.

with 10% FCS and maintained at 37°C in a humidified atmosphere o
5% CQO, and 95% air.

Protein Determination

Colony Formation Assay The Bradford (1976) method was used to determine the protein content

] ) ) of the cell samples using coomassie blue and optical density determina-
For colony formation assay, exponentially growing cultures weretions at 595 nm.

detached from the surface by trypsinization, and the cell suspension

was centrifuged at 2,000 for 5 min. The resulting cell pellets were

resuspended in fresh media and counted on a hemocytometer. Betwe$'fatistical Analysis
100 and 1,000 cells were seeded into small (60-mm) petri dishesin5m

media and incubated fa} h to allow cell attachment to the surface. .
Nicotine and smokeless tobacco extract were then added to the peff{Stat by GraphPad software (San Diego, CA) was used to conduct a

dishes. The cells were then incubated for 7 days in the presence gfalistical analysis. One-way analysis of variance (ANOVA) and

nicotine and smokeless tobacco extract. At the end of incubation>tUdent-Newman-Keuls multiple comparison tests were applied. Val-

colonies were stained and counted. ues of p less than 0.05 were considered to be significant.

Staining, Counting of Colonies, and Construction of Cell Results

Survival Curve .
Colony Formation
After the media was decanted carefully, crystal violet (1 g crystal violet ) ) o
dissolved in 400 ml methanol prepared>5@Gtaining solution) was ~ Table 1 shows the survival fractions of nicotine- and smokeless
added for 10 min to stain the colonies. The plates were washed withobacco extract—exposed cells in the presence and absence of
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Table 1. Survival fractions of CHO cells following exposure to Table 2. GSH and MDA levels in CHO cells following exposure to
nicotine and smokeless tobacco extract containing equivalenhicotine and smokeless tobacco extract containing equivalent

concentrations of nicotine concentrations of nicotine
Survival Fractions GSH with
No SOD and SOD and GSH With
G g Antioxidant CAT NAC GSH CAT NAC
roup ntioxidan Group$g (% Control) (% Control) (% Control) MDA
Control 1 *0 1 *0 1 =*0
L Control 100+29 100 *+18 100+ 12 9.0+ 04
0.08 mg nicotine 0.9 0.09 1.00+0.06 0.80+ 0.04 0.08 mg nicotine 7619 87 + 5 85+ 5 10 +2b

Smokeless tobacco

S Smokeless tobacco
extract containing

extract containing

_ooBmgnicotine 04004 080007 100=003  Gogngricoine smiF 98 £11 91k 6 12 41
S ”I‘(gln'cot'”s : : U= U= E 0.8 mg nicotine 61 11°¢ 1030+ 0.4 84+ 2 8 +1
mokeless tobacco Smokeless tobacco

extract containing 0.8 extract containing

mg nicotine 0 0 0.5G 0.04 08mgnicotine 24 1© 40 =+ 2 89+ 3 12 +1c
dmgnicoine 003001 0045000 0045000 4yl guine @ - 5 7o- o 1o =i
- Smokeless tobacco
extract containing 4 extract containing
mg nicotine 0 0 0 4 mg nicotine 5- 1c 22 +1F 88+ 7 19 +1°

Details of the procedure are explained in the Materials and Method
section

Values represent the meanSD of three separate experiments

aThe final volume of cell culture media for control, nicotine, and
smokeless tobacco extract groups was 5 ml

GSH levels are reported as % control (nmol/mg protein). MDA levels
are reported as nmol/100 mg protein. GSH was measured by NPM
derivatization followed by HPLC. The thiobarbutiric acid derivative of
MDA was identified by HPLC. Details of the procedure are explained
in the Materials and Methods section. Values represent the meziD

of three separate experiments

aThe final volume of cell culture media for control, nicotine, and

.. . ... smokeless tobacco extract groups was 5 ml
antioxidant enzymes and NAC. Incubation of CHO cells withs gignificantly different from smokeless tobacco extract containing the

nicotine and smokeless tobacco extract inhibited colony formagame amount of nicotine
tion. Nicotine inhibited the colony formation 97% at 4 mg. < Significantly different from the corresponding control value
However, smokeless tobacco extract containing 0.08 mg
nicotine was sufficient to reduce the colony formation by more
than half. At higher nicotine contents (0.8 and 4 mg), smokeless
tobacco extract completely inhibited the colony forming ability the corresponding nicotine concentration. Treatment of the cells
of CHO cells. These results indicate that nicotine alone is lessvith 4 mg of nicotine resulted in a 36% decrease in GSH level
toxic than smokeless tobacco extract containing an equivalerdgs compared to control. However, there was a 95% decrease in
amount of nicotine. GSH levels in cells exposed to smokeless tobacco extract
The administration of antioxidant enzymes and NAC alongcontaining 4 mg of nicotine.
with nicotine improved the rate of colony formation for both  Coaddition of antioxidant enzymes returned the GSH levels
nicotine and smokeless tobacco extract. NAC completelyto the control level in nicotine-exposed cells. These enzymes
returned the survival fractions to the control level with smoke-also increased the GSH levels in cells treated with smokeless
less tobacco extract containing 0.08 mg nicotine. NAC alsaobacco extract containing 0.08 mg nicotine. Although GSH
restored the colony-forming ability of the cells exposed tolevels in cells exposed to smokeless tobacco extract with higher
smokeless tobacco extract containing 0.8 mg nicotine. Hownicotine contents remained significantly lower than the control
ever, it did not improve the colony formation with smokelessin the presence of SOD and CAT, small increases in GSH levels
tobacco extract containing 4 mg nicotine or analogous smokewere still observed. In contrast to SOD and CAT, coaddition of
less tobacco extract. NAC with all preparations of smokeless tobacco extract re-
turned the GSH levels to the control level. The GSH levels in
cells treated with 4 mg of nicotine remained significantly
GSH and MDA Measurement decreased in the presence of NAC. However, NAC returned the
GSH levels to the control level in 0.8 mg of nicotine-treated
GSH levels in the presence and absence of antioxidant enzymeslls.
and NAC were determined after exposure for 24 h to nicotine To determine if the decreases in GSH levels were associated
and smokeless tobacco extract containing the same amount wfith an increase in lipid peroxidation, the MDA contents were
nicotine. As shown in Table 2, all preparations of smokelessneasured following exposure to nicotine and to smokeless
tobacco extract induced significant decreases in GSH level$obacco extract. As shown in Table 2, significantly increased
Nicotine exposure of the cells also resulted in a decrease iMDA levels were observed for both nicotine and smokeless
GSH levels. However, significant decreases were observed onlpbacco extract that corresponded to the decreased GSH levels.
with 0.8 and 4 mg nicotine exposures. Although both nicotineSince employment of NAC and antioxidant enzymes already
and smokeless tobacco extract lowered the intracellular GSidemonstrated that the effects observed were due to free radical
contents of the cells, their efficiencies were considerablygeneration, we did not evaluate the effects of NAC and
different with smokeless tobacco extract being more potent thaantioxidant enzymes on MDA generation.
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Table 3. LDH activities in the media following exposure to nicotine extract-treated cells, in the presence of the antioxidant enzymes
and smokeless tobacco extract containing equivalent concentrations ghd NAC, still remained in the range of control LDH activity.

nicotine The numerical values were not statistically different.
LDH Activity To test if smokeless tobacco extract or nicotine has any direct
LDH with SOD LDH Activity effect on the LDH enzymatic activity, we incubated the enzyme
Groups$ Activity  and CAT with NAC in a cell-free media in the presence of nicotine and smokeless
tobacco extract for 24 hs. As shown in Table 4, only smokeless
Control 47+ 2 47+ 2 54+ 6

tobacco extract containing 4 mg nicotine reduced the LDH

0.08 mg nicotine 58 6 52+ 4 48+ 4 T . ) S
Smokeless tobacco activity significantly in a cell free environment. This inhibition
extract containing occurred as soon as the enzyme was added to the media
0.08 mg nicotine 53 8 51+ 1 62+ 5 containing smokeless tobacco extract and the extent of inhibi-
0.8 mg nicotine 56- 8 55+ 1 50+ 6 tion did not change for 24 hs. The other preparations of
Smokeless tobacco smokeless tobacco extract and nicotine did not cause any
extract containing change in LDH activities.
0.8 mg nicotine 55+ 5 50+ 1 55+ 4
4 mg nicotine 67+ 5° 54+ 1 57+5
Smokeless toch_co Discussion
extract containing
4 mg nicotine 43+ 2 437 63+ 3

The present results indicate that nicotine is considerably less
LDH activity is reported as unit/L. Details of the procedure are toxic than smokeless tobacco extract containing the same
explained in the Materials and Methods section. Results represent themount of nicotine. These profound differences between nico-
mean= SD of three separate experiments tine and smokeless tobacco extract must result from, in addition
aThe final volume of cell culture media for control, nicotine, and g nicotine, the large numbers of other biologically active
bsrgiol:]?fliess :r)b;;:fco e’:tfra‘:t %LOUF’S "t"als 5mi compounds that adversely affect the cell survival. It has been
gniicantly difterent from the contro reported that tobacco contains, besides nicotine, tobacco-
specific N-nitrosamines formed during curing and fermentation
Table 4. Effects of nicotine and smokeless tobacco extract on LDHOT tobacco from nicotine and other alkaloids such as nornico-
activity in a cell-fredin vitro system tine, anatabine, and anabasine (Brunnenetral. 1996). Some
of the tobacco-specific N-nitrosamines have been shown to be
LDH Activity LDHActivity =~ LDHActivity — metabolically activated in mammalian cells, leading to the

Groups ©oh “h (24h) formation of highly reactive electrophiles that react with
Control 593+ 32 583+ 17 545+ 70 nucleophilic molecules of the cells (Hoffmann and Hecht
0.08 mg nicotine 626- 10 572+ 17 618+ 39 1988). The presence of tobacco-specific N-nitrosamines and
Smokeless tobacco various carcinogenic compounds such as benzo[a]pyrene in
extract containing tobacco may explain the smokeless tobacco extract’s greater
0.08 mg nicotine 593 45 565+ 9 578+ 54 inhibitory effect on colony formation compared to nicotine
0.8 mg nicotine 596 38 579=x 20 600+ 8 alone.
Smokeless tobacco Our present GSH and MDA data suggest that generation of
extract containing . ! o
0.8 mg nicotine 557 40 571+ 13 615+ 20 free radicals may gqntrlbute tq bqth nicotine and smokeless
4 mg nicotine 606+ 16 570+ 17 611+ 10 tobacco extract toxicity. Both nicotine and smokeless tobacco
Smokeless tobacco extract significantly increased MDA generation and reduced
extract containing intracellular GSH levels, which were either partially or com-
4 mg nicotine 420t 122 419+ 15 394+ 462 pletely returned to control levels in the presence of free

LDH activity is reported as units/L. Details of the procedure are radlcal-sca_veljglng enzymes and NA.C' I_-|_owever, nelt_her NAC
explained in the Materials and Meth;)ds section. Values represent thO the a_ntlo_x'dant enzymes had a significant pro_tectlve effect
mean+ SD of three separate experiments on nlcqtlng-|nduced inhibition of colony formann. The§e
aSignificantly different from the control results indicate the presence of other mechanism(s) contribut-
ing to nicotine toxicity. In addition to free radical generation,
one possibility is that constant exposure of the cells to nicotine
for along time overrides protection by the antioxidant enzymes,
LDH Activity Measurements and NAC and toxicity become a result of nicotine-induced
genotoxic effects. NAC and antioxidants cannot protect the
LDH activities in the media of nicotine- and smokeless tobaccocells from nicotine-induced genotoxic effects that become
extract-exposed cells were determined at the end of the 24-&ffective with overextended time period. In contrast to nicotine,
incubation time. As shown in Table 3, only 4 mg of nicotine employment of the free radical-scavenging enzymes and,
caused a significant increase in LDH activity. Treatment of cellsparticularly, NAC, with smokeless tobacco extract displayed a
with smokeless tobacco extract caused no statistically signifimore protective effect, suggesting an important role for GSH
cant change in LDH activities in the media. LDH activities were depletion and oxidative stress in smokeless tobacco extract
also determined in the presence of the antioxidant enzymes aridxicity.
NAC. The presence of antioxidant enzymes and NAC restored Induction of oxidative stress by both nicotine and smokeless
the LDH activity to the control level in the media of 4 mg tobacco extract has been demonstrated previously in separate
nicotine-treated cells. LDH activities in smokeless tobaccoexperimental systems (Ashakumary and Vijayammal 1996;
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Bagchiet al. 1996). One of the main objectives of this study tobacco extract containing 4 mg nicotine. However, smokeless
was to compare nicotine- and smokeless tobacco extractobacco extract containing 0.8 mg nicotine, which had no effect
induced oxidative stress by measuring GSH and MDA levelson LDH activity in a cell-free system, generated the same
The lower GSH and higher MDA levels in smokeless tobaccoamount of MDA as 4 mg nicotine. Therefore, it is still not
extract-exposed cells, as compared to nicotine-exposed cellppssible to completely attribute the LDH leakage in nicotine
suggest that nicotine alone is less efficient in induction oftreated cell to the level of lipid peroxidation. These results
oxidative stress than smokeless tobacco extract containing thadicate that LDH release by nicotine may involve another
same amount of nicotine. This indicates the presence of othanechanism, in addition to the increase in MDA generation.
compounds besides nicotine in smokeless tobacco extract thatThe present study concludes that the toxicity and oxidative
are involved in free radical generation. Addition of antioxidant stress-inducing actions of smokeless tobacco extract are not due
enzymes and NAC increased the GSH levels in the presence efhtirely to its nicotine content. The mechanisms of toxicities
smokeless tobacco extract and nicotine. However, the responsgad free radical generation are different in cells treated with
of nicotine and smokeless tobacco extract-treated cells t@icotine and smokeless tobacco extract containing the same
antioxidant enzymes or NAC were different. In nicotine- amounts of nicotine. In addition to nicotine, smokeless tobacco
exposed cells, GSH levels were more efficiently restored in thextract may constitute other mechanisms for toxicity. Some of
presence of antioxidant enzymes as compared to the presencetfé nicotine specific effects could be blocked when present in
NAC. In contrast, in smokeless tobacco extract-exposed cellsmokeless tobacco extract. NAC may have an important role in
GSH levels were more efficiently restored in the presence oprotecting against smokeless tobacco extract-induced cellular
NAC as compared to the presence of antioxidant enzymesiamage due to GSH depletion and oxidative stress.
These results suggest that the nature of free radicals generated
or the mechanism of GSH depletion in nicotine and smokeless
tobacco extract-treated cells is different, which further indicate\cknowledgments. This study was supported by the Smokeless
that some of the nicotine-specific actions could be blocked infobacco Research Council, Grant #0665-01.
smokeless tobacco extract due to complex interactions among
the constituents of smokeless tobacco extract.

In contrast to NAC, SOD and CAT cannot cross the cell
membranes. Therefore, increases in GSH levels by SOD angeferences
CAT of nicotine-treated cells suggest that free radicals are
generated or are present outside of the cells and are mohsShakumary L, Vijayammal PL (1996) Effect of nicotine on antioxi-
efficiently scavenged by these enzymes rather than NAC. In gg'_”ltsd;felgge mechanisms in rats fed a high-fat diet. Pharmacology
contrast, the increase in GSH levels by NAC in qukeleSSBagchi D, Hassoun EA, Bagchi M, Stohs SJ (1995) Protective effects
tobacco extract-exposed cells suggests that free radicals are . S X

. . L of free radical scavengers and antioxidants against smokeless
mainly present inside the cells and are more efficiently scav-

tobacco extract (STE)-induced oxidative stress in macrophage
enged by the presence of NAC rather than SOD and CAT. 37744 1 cell culture. Arch Environ Contam Toxicol 29:424—428

Another possibility is that the GSH of the smokeless tobaccagchi M, Bagchi D, Stohs SJ (1996) vitro effects of smokeless
extract-exposed cells is also depleted by conjugation reactions tobacco extract on the production of reactive oxygen species by
with components and/or metabolites of smokeless tobacco human oral epidermal cells and rat hepatic mitochondria and
extract. In this respect, NAC may replace GSH in conjugation  microsomes, and peritoneal macrophages. Arch Environ Contam
reactions and directly activate GSH synthesis or directly — Toxicol 30:418-422

scavenge the free radicals formed following exposure td3agchi M, Bagchi D, Adickes E, Stohs SJ (1995) Chronic effects of

smokeless tobacco extract, thereby replenishing the GSH levels smokeless tobacco extract on rat liver histopathology and produc-
to the control level tion of HSP-90. J Environ Pathol Toxicol Oncol 14(2):61-68

Lipid peroxidation is known to disturb the integrity of Benowitz NL (1988) Nicotine and smokeless tobacco. CA-A Cancer J

. . Clin 38:244-247
cellular membranes, Iea}dlng to the. leakage ,Of CytOpIaSm"‘Bradford MA (1976) Rapid and sensitive method for the quantitation of
enzymes, such as LDH, into the media (Bagchal[lil._199_5). microgram quantities of protein utilizing the principal of protein-
To show the extent of membrane damage by nicotine and  gye binding. Anal Biochem 72:248-256
smokeless tobacco extract, the LDH activities were measured iBrunnemann KD, Procopczyk B, Djordevic MV, Hoffmann D (1996)
the media. LDH activity was increased only in the media of 4  Formation and analysis of tobacco-specific N-nitrosamines. Crit
mg nicotine-treated cells. Although 4-mg-nicotine-containing  Rev Toxicol 26(2)::121-137
smokeless tobacco extract resulted in generation of highe€hristen AG, McDanniel RK, McDonald JL Jr (1990) The smokeless
MDA levels, it did not increase the LDH activity in the media.  tobacco “time bomb.” Postgrad Med 87:69-74
This indicates that smokeless tobacco extract either prevenfsonnelly GN, Winn DM, Hecht SS, Hennigfield JE, Walker B,
LDH leakage or contains an inhibitor of the enzyme. To test the :rc:;fTa’\tAnegéii?fgzghigg?mergence of smokeless tobacco. New
possibility that smokeless tobacco extract may contain a - S - .
inhibitor for the LDH enzymatic activity, we determined the Doolitie DJ, Winegar R, Lee CK, Caldwell WS, Hayes AW, deBethizy

. R JD (1995) The genotoxic potential of nicotine and its major
changes in LDH activities in the presence of smokeless tobacco | aianolites. Mut Res 344:95-102

extract in a cell free system. Results showed that smokelessyaper HH, Squires EJ, Mahmoodi H, Wu J, Agrawal S, Hadley MA
tobacco extract containing 4 mg nicotine significantly inhibits  (1993) Comparative evaluation of thiobarbutiric acid methods for
the LDH activity. This may be sufficient to explain the absence  the determination of malondialdehyde in biological materials. Free
of LDH activity in the media of cells treated with smokeless Rad Biol Med 15:353-363
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