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dard deviation: 46.9 + 32.5 ng/g of mu-
cus versus 13.0 £ 9.3 ng/g of mucus;

O
Q

pha and interleukin-6 in patients witHelico- ) i two-tailed Student's t test, P = .004). 2
bacter pyloriassociated gastritis. Gut 1991;32:disease were expected to occur in the Conclusion: The cervicai mucus of 3
1473-7. United States. In a recent international . ' K X bl o3
(32) Beg AA, Baltimore D. An essential role for study, human papillomavirus DNA was cigarette smokers contam_s measurable <
NF-kB in preventing TNFea-induced cell found i than 90% of ical tu- amounts of the potent carcinogen NNK. g
death. Science 1996;274:782-4. ound in more than =90 Od cervicaltu- g compound represents the first to- =
s ey i spoposes perf the nationaly of he patients from  £20C0-specifc carcinogen identied in &
tiation by inhibition of NF-«B. Science 1996; \whom the samples were obtained. Al- this phy§|0|Og|C fluid of women who §
274:784-7. thouah infecti th h il smoke cigarettes. The presence ofNNK%
(34) Van Antwerp DJ, Martin SJ, Kafri T, Green " 10UdN INTECUion with human papiiio- i, the cervical mucus of nonsmokers is 3
DR, Verma IM. Suppression of TNE- Mavirus is the major known risk factor yie|y gue to environmental exposure 3
induced apoptosis by NkB. Science 1996; for the development of cervical cancer, o ij the fact that some of the subjects 5
274:787-9. it alone is not sufficient. Other etiologic i this study may not have revealed 8
(35 Sharma S, Kerr LK, Tummuru MK, Blaser t50tor5 that have been associated with ; 32
MJ. Cag ABC Cytotoxin* Helicobacter pylori o . BONR . that they occasionally smoked ciga- 3
strains induce enhanced activation oftranscripIhIS dls_ease include deIC|enC|eS_|n MI- rettes. Implications: The presence of &
tion factor NFxB in gastric epithelial cells. J Cronutrients, lower socioeconomic sta- NNK in human cervical mucus further &
Leuk Biol 1995;28(Suppl):A134. tus, oral contraceptive use, and ciga- strengthens the association betweens
(36) M”.'ITZSerl'Bmaier IA'PPAah}l.F:L,\'MfC?’afi ?’ Bere-rette smoking. Several compounds cervical cancer and tobacco smoking. %
Swi , baeuerie , KIS elicobacter py- . . . . A

lori activates transcription factor N&B in from cigarette ,smOke,(mCOtme and its [J Natl Cancer Inst 1997;89:868-73] 2
CATO-III cells. Gut 1996:39:A-55. major metabolite, cotinine) have been &

[¢)]

identified in cervical mucus, and the oc-
currence of smoking-related DNA
damage in the cervical epithelium has

_ been documentedPurpose:This inves-
Supported in part by a grant from Astra-Merck

from OSG, and by Public Health Service grants K08tlgatlon was conducted to determine

DK02381-01A1 and RO1 DK50837 from the Na-for the first time whether carcinogenic
tional Institute of Diabetes and Digestive and Kid-tobacco-specific N-nitrosamines are

ney Diseases, National Institutes of Health, Departpresent in the cervical mucus of ciga-
ment of Health and Human Services. __rette smokers and of nonsmokers (most
Manuscript received Decemk_)er 11, 1996; rewse?lkely as a result of environmental ex-
March 19, 1997; accepted April 10, 1997.
posure). Methods: Cervical mucus
specimens from 15 smokers and 10
nonsmokers were subjected to super-
critical fluid extraction with the use of
carbon dioxide that contained 10%
methanol, and the resultant extracts

Notes

Cervical cancer is the leading cause c%
cancer deaths and the most common cafi-
cer among women in developing coung
tries (1). In the United States, it is the;
third most common cancer among Hisg”
panic women and the sixth most commog

cancer among Caucasian wome?).(In

o
>

the United States in 1996, there were an

estimated 15700 new cases of cervic

&

cancer and 4900 deaths from this disea%
(3). The incidence and mortality rates of
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Cox, D. Hoffmann, Division of Cancer Etiology and
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were analyzed for tobacco-specific ni- NY; S. E. Waggoner, Department of Obstetrics and
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method that involved gas chromatogra- Gynecological Oncology, Chicago Lying-in Hospi-

hy and mass spectroscopy analyses tal, Chicago, IL.
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Results: In a total of 16 samples 0b- american Health Foundation, 1 Dana Rd., Valhalla,
tained from 15 women who were cur- NY 10595.

rent smokers (two samples from the  See“Notes” following “References.”
same woman), we detected the tobacco-© Oxford University Press
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cervical cancer among black Americangt-(methylnitrosamino)-1-(3-pyridyl)-1- (ethyl-NNK) were synthesized according to
were about twice those among whitebutanone (NNK), is relatively abundant inPublished methods (26,27). The purity of the syn-

Americans (4,5). tobacco products and is the most activngézfgp%ims:;nﬁ;\\_’;’:‘!g?mbgnzip;:ﬁj?;g?;g::g_’
In the past decade, studie8-§) have tobacco-specific carcinogen in animalography analyses, was greater than 99%. Carbon

clearly established human papillomaviimodel assays (25). dioxide, supercritical-fluid-extraction grade, was ob-
ruses (HPVs) as a necessary agent in the The goal of our study was to determingained from Cryodyne Technologies Inc., Chester,
development of nearly all cases of cerviif NNK could be detected in the cervical €T

cal intraepithelial neoplasia and invasivenucus of smokers, thus providing bio-
cervical cancer. Indeed, HPV-modifiedlogic plausibility in support of the asso-
DNA has been detected in up to 93% otiation between smoking and cervical

Specimen Analysis

cervical tumor specimens (6,8). Howevercancer. A previously developed extraction method for the
b HPV infections are widespread i assessment of t_opacco-speuﬁc nltrpsamlne_s in to-
ecause ) p %ubjects and Methods bacco was modified for the extraction of nitrosa-
the general population and HPV- mines from cervical mucus specimer®). As part
immortalized cell lines are generally nOtSubjects of a preliminary study, six mucus specimens were
tumorigenic, HPV infection likely inter- analyzed by capillary gas chromatography inter-

acts with one or more cofactors before Subjects were recruited in a random fashion fronfaced with a thermal energy analyzer; for lateo
. ing for Pap smears in an ougnalyses of cervical mucus of 15 smokers and
cancer develops. The cofactors studied tgno"9 Women presenting : :
date includ dp i o : patient gynecology clinic at the University of Chi- nonsmokers, the capillary gas chromatography Wit
ate include deficiency In micronutrientS,,q, The collection of cervical mucus specimenghass spectrometry detection was developed. In geh-

(9-11), lower socioeconomic statu$2), was approved by the University of Chicago’s Insti-€ral, cervical mucus specimens (ranging in weight
and oral contraceptive use (13). Cigaretteitional Review Board, and all patients gave writterfrom 31 to 615 mg) were extracted with supercritical
smoking was identified as a possible risknformed consent before participating in the studycarbon dioxide, to which 10% methanol had bee:ﬁy
factor by Naguib et al. (14), and its ad-Eligible subjects included women who were be-added. Specimens were placed inside a filter pa

i | knowledaed in thiveen 18 and 45 years of age, who were not receivhat had been exhaustively prewashed with methari|
verse efiect was also acknowledged in t fAg oral contraceptives, and who had no evidence dindn-hexane to remove any contaminants, and theh

1989 report on smoking and health by th@ctive genital tract infections. Excluded from the100 pL of a 0.0001% solution of CBNNK (inter- ol
Surgeon General of the United Statestudy was one patient known to take exceptionallyi@! standard) was added. The filter paper was th%
(15)_ The significance of this associationhigh doses of various medications. rolled up to fit the extraction vessel. Extractions®

h t iudaed b £ ) ] were performed at 60 °C and 350 atmospheres in%a
owever, was not judged because of "INgpacimen Collection Suprex Prepmaster stand-alone SFE system

SUffiCient dat_a” (15). In 1990, W.inkel' _ _ ~ equipped with a Suprex Model MPA-1 solvené
stein (16) reviewed 18 studies of cigarette Cervical mucus specimens were collected directly,qgifier pump and a DuraFlow restrictor (Supress

smoking and cervical cancer; 15 of thesdo™M the cervical canal of 32 women during thecopp, pittsburgh, PA). Each specimen was exs

. . . reovulatory phase of the menstrual period. Thesgacieq for 90 minutes. Thi iod isted
studies supported an increased risk (up t§ : acted once for 90 minutes. This period consisted gf
PP (UP ) women included 15 smokers and 10 nonsmokers 15.minute extraction in a static mode, followed by

4.3-fold higher) of cervical cancer amongwhose mucus was analyzed by a capillary gas chrogy minytes of dynamic extraction, then another 155
smokers, and several of these studiesatography-selected reaction monitoring—tandenginyte static extraction, and finally 30 minutes of3
demonstrated a dose-response relatiofiass spectrometry technique (GC-SRM-MS/MS)qynamic extraction with the flow rate of supercriti-33

ship (16,17). Environmental exposure tx women whose mucus was used in a preliminarga) carbon dioxide of 1.5 mL/minute. Analytes weré?

stydy and was analyzed by capillary gas chromatogsy|iected in a vial containing 2 mL ofi-hexane. &1

cigarette smoke has also been suggest hy interfaced with a thermal energy analyzer, ang,on completion of the extraction, most of the or%

to increase the risk of cervical canceione woman who was subsequently excluded frora)anic solvent was removed by a stream of nitrogef

(18), and a recent report (19) stated thabe study. Specimens were placed in preweigheg, yielq an extract of about 5aL; an equal volume &
smoking cessation may lead to a reducgollection vials, coded, packed with dry ice, andsf 5 9. 00029 solution of ethyl-NNK was added as &
tion in the size of minor—grade lesions inshlpped frozen to the American Health Foundatiorbhromatographic standard. When applied to tobac@_)
the cervix. (valhalla, NY), where they were stored at -80 Cproducts and human saliva specimens, this extrac-

. . until they were analyzed (under these conditiongion method was found to be highly reproduciblew
The mechanisms by which tobaccaunk is stable). As part of a preliminary study, (26). i~

smoke constituents could induce a gencsix mucus specimens were analyzed by capillary gas The tobacco-specific nitrosamines were separatéd
toxic effect in the cervical epithelium arechromatography interfaced with a thermal energy,ng guantified on a Model 3400 gas chromatogragh

not known. The presence of nicotine an(%”;g’;ﬁ; va?trh 'xrssagsgcst‘:;ng?r‘;"de:%’egt?:nCvrv‘;‘:g:a\l/arian Instruments, San Fernando, CA) equippes)
. ; ; vith a 200S autosampler and interfaced with
cotinine in the cervical mucus of Sm0ker§’e|°ped- GC-SRM-MS/MS was used. Four wetrinnigan Mat TSQ 700 rrr)1ass spectrometer (Finnigfng

(20-22 may lndIC_ate that Inhak?d t(?' blank control specimens, consisting of two types ofor | San Jose, CA). Gas chromatography analyses
bacco-specific carcinogens could likewiseell culture media used (serum-free keratinocytgqare performed on a DB-5 fused silica capillary
become blood-borne and transported tgrowth medium and basic E medium; Clometicscoymn (30 m x 0.32 mm, 0.2fm film thickness;
the Cel’ViX, where they may damage Ce|_BOSton’ MA), and two serum specimens from NoN-j ¢ W Scientific, Folsom, CA) by use of GC-SRM-

.~ smokers were collected and placed in identical col ; _ .
lular DNA. There are at least 60 toxic MS/MS. Since on-column injection was used, the

. . lection vials. By use of the same technique, wepp_ g capillary column was connected to a 90-cm x
and/or carcinogenic compounds amon@iank control specimens, along with mucus SPeCip 53-mm deactivated precolumn. The column head

fche 4000 chemical constituents identifiednens, were tested for NNK. These control specipressure was kept at 5 pounds per square inch
in tobacco smoke; seven of these comfhens, however, were analyzed later than most of throughout the analysis. The temperature program

pounds are known human carcinogen@Ucus specimens. was as follows: The initial temperature of 40 °C was
23). Two maijor classes of carcinogen . kept for 5 minutes, then increased at 30°C per
( )th tob I ific nit . 9 hemicals minute to 140 °C, maintained at this level for 10
are the .O acco-speu IC nitrosamines an minutes, and increased at 1 °C per minute to 145 °C.
polycyclic aromatic hydrocarbons24). The reference compounds NNK, GINNK,  This temperature was kept for 5 minutes and finally

One of the tobacco-specific nitrosaminesand 4-(ethylnitrosamino)-1-(3-pyridyl)-1-butanoneraised at 20 °C per minute to 180 °C, where it was
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870

held for an additional 10 minutes. Manual injectionsmance of the mass spectrometer was monitored wityith thermal energy analyzer detection.
of 2-uL aliquots were done. The mass spectral cona chromatographic standard, ethyl-NNK. For these analyses, we used thermal de-
ditions were as follows: The source temperature was . . .
maintained at 70 °C; the instrument waspset to moniStatistical Analysis sorption, a techmque pr.eVIO.USIy devel-
tor the reaction of ion 177.0 (the most abundant ion oped for sample introduction in gas chro-
of NNK fragmentation, resulting from the loss of a  Student'st test was used to compare the differ-matographic analysis28). Fifty percent
nitroso group from the molecular ion 207) to the ion€NCe in amount of collected cervical mucus specif t1a supercritical fluid extraction con-

146 (the daughter ion of 177.0, Fig. 1) with a win-Mens and NNK concentration between cigarette . . .
dow of 3 atomic mass units. A time scan of 1 secondMokers and nonsmokers. All reportédvalues centrate obtained after evaporating the or

and a scan rate of 5 atomic mass units per seconfere two-tailed. Results were expressed as med3@nIC solvent was applied to the thermal
were used. The collision cell pressure was mainvalues + standard deviation. desorption glass cartridge filled with
tained at 1.2 mtorr of argon, and the collision energy Tenax GR. Tenax is an adsorbent consist-
was maintained at -8.0 electron volts to maintain thdX€SUItS

fragment’s transitional energy. NNK was quantified Lo . . )
by use of a standard curve of the NNK-to-GRNK The initial six specimens had been su
ratio versus the concentration of NNK; the perfor-jected to capillary gas chromatography
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Fig. 2. Capillary gas chromatography-thermal eng
ergy analysis oN-nitrosamines from an extract of%
Fig. 1. Full daughter ion spectrum of the parent ion 177.0 of 4-(methylnitrosamino)-1-(3-pyridyl)-dervical mucus. NNK= 4-(methylnitrosamino)-1-
butanonex axis = daughter ions detecteg;axis = relative ion intensity. (3-pyridyl)-1-butanone.

100 (

Fig. 3. Capillary gas chromatog-

raphy-selected reaction monitor-
ing—tandem mass spectrometry|
analysis of human cervical mucus Smoker*
for 4-(methylnitrosamino)-1-(3-

pyridyl)-1-butanone (NNK). The

peaks observed result from moni-
toring the major daughter ion of
146. *Self-reported smoking sta- 50
tus. NNK peak in nonsmoker mu-
cus has an identical retention time
with that in smoker mucus but
has been shifted for illustration Nonsmoker*
clarity; its intensity has been in- 3x—>

creased three times [3xk axis
= time (minutes)y axis = rela- " Lu
tive ion intensity.

100

NNK standard
(injection of 200 pg)

Zz0z 1snbny oz uo 1senb Aq 6929252/898/21/6

N

31.40 33.20 35.00 36.40 8.20 16.40 25.00 33.20
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ing of a low-bleed polymer mixed with Table 1.4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in cervical mucus of cigarette smokers
23% of graphite (Tenax GR80/100 mesh). and nonsmokers*

It was purchased from Alltech, Deerfield, No. of cigarettes  Amount of mucus NNK, nglg

IL. After the specimen was introduced,pPatient No. Age,y smoked/day extracted, mg cervical mucus
the cartridge was placed in the thermat
desorption unit and heated to 220 °C over

Cigarette smokers

a 12-minute period. During that time, the 1 g‘l‘ g 4‘;2-3 fg-?
temperature of the thermal de_sorption unity 28 10 237.0 84.9
was maintained at 0°C, while the flow 4 30 35 31.0 115.0
rate of helium was kept at 10 mL/minute. 5fr 28 ;:g 132-8 gg-f’l
Afterward, the gas flow was changed to 14 na 8-10 121.0 48.8
mL/minute, and we transferred the sample7 35 20 43.2 64.2
to the first part of the capillary column by 8 jg 12'(2) ggg-g 411;'8
rapidly heating that part of the thermalyg 32 10 161.0 4.7
desorption unit where the analytes werel 41 10 56.0 58.0
initially concentrated (15°C/second) tog gi 18 ;82-8 ii-g 9
220°C, while maintaining the tempera-14 n.a. n.a. 207.0 297 §
ture of the oven of the gas chromatographs 18 n.a. 47.3 111.0 9
at 40°C Mean * standard deviation 9.25+5.29 167.2 +127.8% 46.9 £ 32.58 ©
Two cervical mucus specimens ana- Nonsmokers §
lyzed for tobacco-specific nitrosamines 1 49 — 234.0 30.8 =
by this method demonstrated a well-3 3 — e B3
defined, thermal energy analyzer- p05|t|ve4 32 — 195.0 6.0 §
peak eluting at the retention time of NNK 5 43 — 165.0 10.6 2
J— [0}
(Fig. 2). These specimens had been colgs 33 _ 12471'8 1‘&% 3
lected from cigarette smokers. The levelsg 25 — 106.0 n.d. §
of NNK in these specimens were 65.0 anqg éi — 22151.8 zg; °
i - : o]
87.0 ng/g ,Of mucus, respectively. Two Mean * standard deviation 218.2 +146.2% 13.0+9.38 3
other specimens, one from a smoker and F

one from a nonsmoker, indicated the pres- *all samples were analyzed by the capillary gas chromatography—selected reaction monitoring—tagdem
ence of NNK at a very low level, which mass spectroscopy method. For statistical calculations, the not-detected (n.d.) value was assigned as% ng «
could not be quantlfled by this method. NNK per gram of mucus (50% of the lowest detected amount). #.&@ot available.

me smoker; sampl Il ifferent tim
Capillary gas chromatography com- Jirl\s/licjsslevc:els sj;ecﬁeedstgosfp?(t;gr;tcgl ﬂilz ;;trai:on did not differ significantly between smokers':and
bined with thermal energy analyzer deteconsmokers (two-sidedt = .36).
tion has been regarded as the most sensi-sNNK levels in mucus specimens from smokers differ significantly from those from nonsmokers (ﬁWO
tive and selective method for nitrosaminesidedP = .004).
analysis (25). However, it does not pro-
vide spectral characterization of the anain cervical mucus specimens from cigaDiscussion
lytes. Therefore, to confirm that the peakette smokers was significantly higher
detected by the thermal energy analyzehan that in specimens from nonsmokers Our findings provide the first un-«
was indeed NNK, we analyzed the re{mean % standard deviation: 46.9 + 32.%quivocal evidence of the presence of %1
maining 26 samples by GC-SRM-MS/ng of NNK per gram of mucus versustobacco-specific carcinogen in the cerwe
MS. This technique proved to be at least3.0 £ 9.3 ng of NNK per gram of mucus;cal mucus of women who smoke C|gab
60 times more sensitive (detection limit ofP = .004, Student’s test; Table 1). Two rettes. The lower levels of NNK identifieds
5 pg per injection, Fig. 3) than gas chrospecimens collected from the sameén cervical mucus specimens from non3
matography combined with thermal ensmoker (5a and 5b) on two occasions 4mokers may relate to exposure to envis
ergy analysis. Since this method proved tononths apart showed relatively close levionmental tobacco smoke, which also has
be very sensitive, it was important to perels (25.9 ng and 39.4 ng of NNK per grambeen reported to be a risk factor for cer-
form a blank extraction after each extracof mucus; Table 1). vical cancer (18). Since NNK was not de-
tion of cervical mucus to avoid sample NNK was not detected in the four wettected in wet blank control specimens and
cross-contamination. For this, the entirdlank control specimens carried througlblank analyses, it is unlikely that sample
analytic procedure was repeated as the entire procedure and analyzed by GGzontamination during collection or
sham procedure. Carry-over effects werSRM-MS/MS. sample carry-over throughout the assay
not observed (Fig. 3). NNK was detected The amount of mucus extracted foroccurred. Significant differences in the
in all samples from smokers (11.9-115.Ganalysis did not differ significantly be- amount of mucus collected between the
ng of NNK per gram of mucus; Table 1)tween smokers and nonsmokers (mean two groups were not observed and thus
and in nine of 10 samples from nonsmokstandard deviation: 167.2 + 127.8 mgcannot account for the variation between
ers (4.1-30.8 ng of NNK per gram of mu-[smokers] versus 218.2 + 146.2 mg [nonsmokers and nonsmokers in levels of
cus; Table 1). The concentration of NNKsmokers];P = .36; Table 1). NNK in specimens of cervical mucus.
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One cannot be certain whether one or areamong smokers and offer biologic plausi-
other of the “nonsmokers” with a rela- bility in support of the association be-
tively high level of NNK in the cervical tween cigarette smoking and this disease.
mucus (>20 ng/g) was not actually a ciga-
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