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Abstract

Approximately 600 million people worldwide practise the carcinogenic habit of betel nut/quid
chewing. Carcinogenic N-nitroso compounds have been identified in saliva or urine of betel
chewers and the betel alkaloid arecoline in hair from habitual betel quid chewers. However, the
pharmacokinetic parameters of these compounds have been little explored. Assessment of betel
use by biomarkers is urgently needed to evaluate the effectiveness of cessation programmes aimed
at reducing betel consumption to decrease the burden of cancers in regions of high betel
consumption. In the search for biomarkers of betel consumption, we measured by liquid
chromatography-mass spectrometry (LC-MS) the appearance and disappearance of betel alkaloids
(characteristic for betel nuts), N-nitroso compounds, and chavibetol (characteristic for Pjper Betle
leaves) in saliva (n=4), hair (n=2), and urine (n=1) of occasional betel nut/quid chewers. The betel
alkaloids arecoline, guvacoline, guvacine, and arecaidine were detected in saliva of all four
participants and peaked within the first 2 h post-chewing before returning to baseline levels after 8
h. Salivary chavibetol was detected in participants consuming Piper Betle leaves in their quid and
peaked ~1 h post-chewing. Urinary arecoline, guvacoline, and arecaidine excretion paralleled
saliva almost exactly while chavibetol glucuronide excretion paralleled salivary chavibetol. No
betel nut related compounds were detected in the tested hair samples using various extraction
methods. From these preliminary results, we conclude that betel exposure can only be followed on
a short-term basis (<8 h post-chewing) using the applied biomarkers from urine and saliva while
the feasibility of using hair has yet to be validated.
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Introduction

Worldwide, approximately 600 million people chew betel in a wide variety of
preparations!-2] despite its known carcinogenicity.[34] Therefore, betel cessation
programmes are urgently needed which require compliance measures for validation
preferably based on reliable biomarkers to avoid self-reporting problems (e.g. recall bias,
under-reporting).
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Urine and saliva are widely used for monitoring compliance owing to their non-invasiveness
and ease of collection. Hair analysis is advantageous because analyte exposure can be
measured over defined and long periods of time that plasma and urine cannot.[!

Studies with habitual betel quid (BQ) chewers have found carcinogenic N-nitroso
compounds in saliva and urinel®! and arecoline and nicotine in hair.[] We suggested using
the main betel alkaloids and chavibetol as biomarkers for betel nut and quid consumption,
respectively.[8] The pharmacokinetics of arecoline, one of the major betel alkaloids was
followed in a few patients after i.v. administration,®] and only three betel-related alkaloids
were followed over time.[19] However, the absorption, distribution, metabolism, and
excretion (ADME) parameters of betel alkaloids and chavibetol after betel chewing using
various matrices have hitherto not been explored. Therefore, we aimed to determine the
ADME parameters of betel biomarkers and betel-nut specific nitrosamines using urine,
saliva, and hair of occasional betel chewers after one controlled chewing episode.

Experimental

Chemicals

Standards

Arecoline hydrobromide, guvacine hydrochloride, nicotine, cotinine, hydroxycotinine, N”-
nitrosonornicotine (NNN), N’ -nitrosoanatabine (NAT), NNK (4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone), NNK-ds, nicotine-dy, cotinine-ds and eugenol and o-eugenol were
purchased from Sigma-Aldrich (St Louis, MO, USA), Guvacoline hydrobromide, N-
nitrosoguvacoline, Arecaidine Hydrobromide, Arecodine-ds, hydrobromide salt were
purchased from Medical Isotopes (Pelham, NH). Proteinase K was purchased from Sigma-
Aldrich (St Louis, MO, USA). All solvents were of LC-MS grade.

An 8-point calibration curve (0.1~5000 ng/mL) was prepared from a 10ug/mL stock in 0.1%
formic acid in MeOH/H,0 (1/1 v/v). 100 pL of each calibrator was mixed with 10 pL of the
internal standard (IS) mixture (1 ug/mL of each arecoline-ds, nicotine-dy, cotinine-ds, and
NNK-d3 ) and 10 pL was injected for LC-MS analysis. The lower limit of detection was
determined using a signal-to-noise ratio of 3.

Sample collection

Four male occasional betel chewers (51-64 y/o) chewed one serving of their typically
consumed betel preparation for their usual amount of time (BQ consisting of 1/2 or 1 nut
+Piper betle leaf+lime -participants 1, 3, and 4; 5-6 min) or ¥ nut without leaf (participant
2, 2.25 h). Saliva was collected at: t=0 (baseline) and 1, 2, 3, 4, 8, 24, and 48 h post-chewing
and immediately centrifuged, aliquoted, then kept at —80°C until analysis. Participants 1 and
2 provided baseline scalp hair samples (200 mg of proximal 2 cm and 200 mg of distal hair)
that were stored at room temperature until analysis. Participant 1 provided a 48-h urine
sample during saliva collection that was centrifuged, aliquoted, then kept at —80°C until
analysis.
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All betel material was obtained in Hawai’i from one store at the beginning of the study and
stored in a cooled environment until study completion. The Western IRB (Puyallup, WA,
USA) approved this study protocol and all participants signed an informed consent before
study commencement.

Saliva and urine preparation and analysis

One hundred pL thawed saliva or urine was mixed with 10 uL IS solution and 100 uL
acetonitrile then vortexed to precipitate proteins. The mixture was diluted with 800 pL 0.1%
formic acid in MeOH/H,0 (Vv 1/1) and centrifuged at 13 500g for 5 min. The supernatant
was transferred to HPLC vials and 10 pL were injected for LC-MS analysis.

Hair hydrolysis with 12N NaOH

According to Marchei et a/. [/ hair samples (part 1= root to 1 cm; part 2= 1~ 5 distal cm)
were pulverized with a ball mill (SPEX 8000 mixer/mill, Metuchen, NJ, USA) for 40 min.
To 50 mg of the resultant powder were added 10 uL IS (arecoline-ds, NNK-ds, nicotine-d,4
and cotininine-dg4: 1 pg/mL in MeOH) and 2 mL 12N NaOH followed by incubation at 40°C
for 20 h and extraction with 5 mL CHCl3/i-PrOH (95/5 v/ V), vortexing, and centrifugation.
The organic layer was vortexed with 2.5 mL 0.5M HCI for 2 min. After centrifugation, the
aqueous layer was neutralized with 1 mL 1N NaOH then made alkaline with 2 mL saturated
NH4CI buffer (pH 9.5, buffered with ammonia hydroxide). The resulting solution was
extracted with 5 mL CHCIs/i-PrOH (95/5 v/ V) then dried under nitrogen and reconstituted in
150 pL 0.1% formic acid in MeOH/H,0 (1/1 v/v). 10 pL were injected for LC-MS analysis.

Hair hydrolysis with 1N NaOH

Modified from Tzatzarakis[*1] 30 mg pulverized hair and 10 pL IS were incubated with 2
mL 1N NaOH at 60°C for 1 h then extracted twice with 3 mL dichloromethane. The organic
layers were combined, acidified to pH 2 using 50 pL 1N HCI, dried under nitrogen, then
reconstituted in 150 pL 0.1% formic acid in MeOH/H,0 (1/1 v/V). 10 uL were injected for
LC-MS analysis.

Extraction of pulverized hair samples with MeOH

Modified from Baumgartner(8] pulverized hair and 1S were incubated with MeOH at room
temperature for 2 h then centrifuged after which the MeOH supernatant extract was removed
and the remaining hair powder was re-extracted with CHClI3/i-PrOH (95/5) at 50°C for 2 h.
After incubation, the latter extract was centrifuged at 13 5009 for 5 min and the supernatant
was combined with the MeOH extract, dried under nitrogen and redissolved in 150 pL 0.1%
formic acid in MeOH/H,0 (1/1 v/v). 10 uL were injected for LC-MS analysis.

Stability study of Betel alkaloid standards

Guvacine, guvacoline, arecaidine, and arecoline standards and arecoline-ds IS were tested in
three solvents at 45°C: 1) MeOH; 2) 0.1N/ 1N HCI; and 3) 1N NaOH over 24 h. The
changes were followed by LC-MS periodically.

Drug Test Anal. Author manuscript; available in PMC 2016 October 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Franke et al. Page 4

Stability study of hair samples treated with 0.1N HCI

Pulverized hair samples (30 mg) and IS were treated with 2 mL 0.1N HCI at 45°C overnight.
The samples remained undissolved after 20 h of incubation. After centrifugation, the
supernatant was directly injected for LC-MS analysis.

Hair hydrolysis with protease K

Modified from Welch [9] pulverized hair and IS were treated with 1 mL proteinase K
solution (3 mg proteinase K, 20 mg DTT, 100 pL triton X-100 in 10 mL Tris buffer (0.01M,
pH 6.4) at 37°C for 3 days. This procedure only slightly dissolved hair. After centrifugation,
the supernatant was mixed with 0.5 mL saturated NH4CI (pH 9.5), and extracted twice with
2 mL CHCI3/i-PrOH (95/5). The organic phase was dried under nitrogen then reconstituted
in 150 pL 0.1% formic acid in MeOH/H,0 (1/1 v/W). 10 L was injected for LC-MS
analysis.

LC-MS analysis

LC-MS analysis was carried out on a model Accela ultra HPLC system coupled to a Q
Exactive Orbitrap Mass Spectrometer and a CTC PAL autosampler (all from ThermoFisher,
San José, CA, USA). Mixtures were injected onto a Kinetex C18 column (150 x 3 mm, 2.6
um, Phenomenex, Torrance, CA, USA) with a Phenomenex UHPLC C18 pre-column (3.0
mm i.d.). Gradient elution was performed at a flow rate of 300 uL/minute using a linear
gradient of 10 mM NH4OH in H,0 to 10 mM NH4OH in MeOH. Mass analysis was
performed under positive and negative ESI in full scan mode. Quantitation was performed
with Xcalibur™ software by extracting the protonated analyte masses within 5 ppm of the
respective monoisotopic masses except for chavibetol which was monitored in negative
mode at its deprotonated monoisotopic mass. We found that the sensitivity using tSIM was
similar to that using full scan mode and since we intended to search for potential unknown
metabolites, the only possible way to achieve that was to use full scan mode.

Results and discussion

Phytochemicals that were found most diagnostically valuable for betel nut and BQ exposure
have been identified by us and others previously and include arecoline and guvacoline, their
hydrolysis products arecaidine and guvacine, and chavibetol and its glucuronide.[812] In the
current study we detected the diagnostically valuable alkaloids arecoline, guvacoline,
guvacine, and arecaidine in the saliva of all participants well above the limit of detection (0.1
ng/mL for all betel alkaloids and 200 ng/mL for chavibetol) up to 8 h after chewing with
peaks appearing within 2h post-chewing (Figure 1). Chavibetol was detected in saliva of
participants 1, 3, and 4 and peaked 0.5-1 hour post-chewing before returning to baseline
levels after 2 h.

The appearance patterns of arecoline, guvacoline, arecaidine, and guvacine in urine
paralleled those in saliva (Figure 1) while urinary excretion of chavibetol glucuronide and
salivary chavibetol paralleled each other (Figure 1); in each case peaks occurred
approximately 2 h post-chewing before returning to baseline levels after approximately 8 h.
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On average we found the salivary arecoline/arecaidine ratio to be circa4:1 but in urine it was
the opposite (circa 1:10) indicating that arecoline is metabolized to arecaidine after
ingestion, which is in agreement with previous findings.[*%] Hu er a/. also reported the time
course of arecoline, arecaidine, and N-methylnipecotic acid (NMNA) in human urine with
arecoline having the shortest elimination half-life (t1/,= 0.97 h) followed by its hydrolyzed
product arecaidine (t1» =4.3 h), and its succeeding reduced (dihydro) compound NMNA
(t12 = 7.9 h).[20] The increasing t;, with each succeeding metabolite indicates a metabolic
pathway similar to that suggested in the mousel23l in which the parent compound changes
rapidly making the metabolic fate of parent alkaloids (e.g. arecoline) difficult to track for
long-term determinations.

Our attempts to detect NMNA in our saliva and urine samples failed although this was not
the case for the other free acids arecaidine and guvacine which eluted at different retention
times from the NMNA standard. In contrast, Hu et al. reported urinary NMNA excretion of
1298 ng/mg creatinine.[19] The subjects in that study, however, consumed water extracts of
areca nuts that were claimed to contain NMNA whereas our subject chewed the nut directly.
We did not analyze our nuts for NMNA and therefore, the absence of NMNA in our nuts
would be a possible explanation for the discrepant findings. Also, the urinary excretion of
NMNA was reported to be only <25% that of arecaidine suggesting that NMNA falls easily
below detection limits and, therefore, may not be a better marker of betel nut exposure than
arecaidine or the other alkaloids that we measured in our study. Most importantly, many
isobaric co-eluting biochemicals can prevent the accurate quantitation of NMNA,
particularly proline betaine, a physiologic component that serves as an osmoprotectant for
the kidney. Proline betaine is also present in many citrus foods and, consequently, elevated
levels are found in humans after citrus fruit/juice consumption. Therefore, we conclude that
NMNA is not a good marker for betel exposure determinations.

LC-MS analysis could not detect any of the above betel related compounds including
NMNA in hair samples from participants who chewed betel nuts at least once daily for ¥2-2
h. The traditional hair analyses by Marcheil”l using a strong base (12N NaOH) for extraction
completely destroyed all four above mentioned betel alkaloids. Treatment with a lower
concentration (NaOH, 1N)[X1] did not lead to the recovery of IS or betel alkaloids while
using MeOH followed by CHClI5/i-PrOH for extraction [14] allowed the spiked IS to be
recovered but none of the betel alkaloids were detected; in contrast, a hair sample from a
tobacco consumer showed high levels of nicotine and cotinine.

The stability studies revealed that alkaloids treated: (1) in MeOH (condition #1) or 0.1N HCI
(condition #2) remained stable during 24 h of incubation; (2) in 1N HCI at 45°C (condition
#2) remained stable up to 1 hour incubation, however, longer incubation resulted in
conversions to multiple products; (3) in basic conditions (condition #3:1N NaOH) betel
alkaloid esters arecoline and guvacoline were not stable and were hydrolyzed to their
carboxylic acids (arecaidine and guvacine, respectively) within 1 hour of incubation then
decomposed to multiple unknowns and both acids disappeared after 24 h. Hair samples
treated with 12N NaOH completely destroyed all spiked IS while treatment with 0.1N HCI
did not; however, no betel alkaloids were found in hair using either method although one
hair sample from a tobacco consumer showed high levels of nicotine and cotinine.
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Digesting pulverized hair with protease K[! only dissolved the hair samples partially and
resulted in the supernatant turning a shade of brown but no betel alkaloids were found by
LC-MS analysis.

The need to objectively confirm self-reports during cessation studies is especially vital for
highly addictive substances such as betel. Since it is not always possible or desirable to
obtain blood samples, the use of other biospecimens such as urine, saliva, and hair become
attractive alternatives.

Our previous study using saliva from habitual betel consumers!8l indicated promising
candidate compounds to identify betel nut and BQ consumers; thus, in this preliminary study
we investigated the urinary and salivary appearance and disappearance patterns of these
compounds. Results showed identical patterns of arecoline, guvacoline, arecaidine, and
guvacine in urine and saliva, which indicates that saliva patterns reflect systemic exposure
accurately and that the measured alkaloids in saliva are derived from secretion and not from
the leftover extraction of betel material that occurred during betel chewing. Since the
measured betel alkaloids disappeared very quickly from saliva and urine, similar to plasma
arecoline (=15 min) after infusion, [5] betel exposure can be followed only on a short-term
basis (<8 h post chewing) using the four mentioned betel alkaloids (Figure 1). The
carcinogenic N-nitroso alkaloids were not found in any of our specimens and are, therefore,
not usable as biomarkers.

Not surprisingly, chavibetol was detected in the saliva of participants 1, 3, and 4, who
consumed Piper betle leaves in their BQ. Our previous study[8] found chavibetol exclusively
in the Piper betle leaf and not betel nut; thus the absence of chavibetol in the saliva of
participant 2, who chewed exclusively betel nut strengthens our previous findings.
Unfortunately, the quick disappearance of chavibetol (within ~2 h post chewing) indicates
that it is not an ideal biomarker for BQ consumption.

We did not find any areca alkaloids in our hair samples although they were collected from
subjects with high and frequent betel consumption. Since typical tobacco related compounds
were detected in some of our hair samples, we feel confident that the appropriate methods
were applied for the intended purpose. Marcheil”] found arecoline in hair of chronic male
and female betel consumers by digesting samples in 12N NaOH, however, we were not
successful applying this method. It is possible that their participants consumed more betel
nut/BQ than ours, the betel nuts consumed were more concentrated in alkaloids, or the
method of chewing affected the amount of juice extracted from the betel nut thereby
releasing more arecoline during chewing as previously suggested.l”] Other factors such as
betel nut variety, diet, and smoking/tobacco habits may also help explain the difference.

Conclusion

Results from this preliminary pilot study suggest that betel alkaloids arecoline, guvacoline,
arecaidine, and guvacine and also chavibetol (if BQ is consumed), characteristic for betel
chewingl®l, can be followed only up to ~8 h post exposure using urine or saliva due to their
quick disappearance. No betel related compounds were detectable with our methods in hair,
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implying that areca alkaloids or their metabolites may not get accumulated in this matrix
possibly because of their extremely short half-lives in contrast to tobacco alkaloids. The
number of analyzed samples from this study does not permit any definitive conclusions;
thus, further studies are warranted to investigate the possibility and feasibility of hair as a
matrix to find biomarkers for betel use.
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Figure 1.
Pattern of detected areca alkaloids and chavibetol in saliva and urine of betel chewers.

Participant 1 chewed 1 nut + Pjper Betle leaves + lime for 5 min, participant 2 chewed % nut
alone for 2.25 h without a piper leaf or lime, participant 3 chewed %2 nut + Pjper Betle leaves
+ lime for 6 min, and participant 4 chewed 1 nut + 1 Pjper Betle leaves + lime for 6 min.
Participant 1 also provided urine samples during and up to 48 h after chewing.
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