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Abstract

Chewing of areca nut in different forms, such as betel quid or commercially-produced pan masala 
and gutkha, is common practice in the Indian subcontinent and many parts of Asia, and is 

associated with a variety of negative health outcomes, particularly oral and esophageal cancers. 

Areca nut-specific alkaloids arecoline, arecaidine, guvacoline, and guvacine have been implicated 

in both the abuse liability and the carcinogenicity of areca nut. Therefore, variations in the levels 

of areca alkaloids could potentially contribute to variations in addictive and carcinogenic potential 

across areca nut-containing products. Here, we have developed an accurate and robust liquid 

chromatography-tandem mass-spectrometry (LC-MS/MS) method for simultaneous quantitation 

of all four areca alkaloids and applied this method to the analysis of a range of products obtained 

from India, China, and USA. The results of the analyses revealed substantial variations in the 

levels of alkaloids across the tested products, with guvacine being the most abundant (1.39-8.16 

mg/g), followed by arecoline (0.64-2.22 mg/g), arecaidine (0.14-1.70 mg/g) and guvacoline 

(0.17-0.99 mg/g). Substantial differences in the relative contribution of individual alkaloids to the 

total alkaloid content were also observed among the different products. Our results highlight the 

need for systematic surveillance of constituent levels in areca nut-containing products and better 

understanding of the relationship between the chemical profile and the harmful potential of these 

products.
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INTRODUCTION

Consumption of areca nut, the seed of the Areca catechu tree, is very common in India, 

Bangladesh, Malaysia, certain parts of China, and some other countries of the Indian 

subcontinent, Asia and the Pacific region, with over 600 million users globally.1–3 The 

spectrum of health consequences associated with the use of areca nut-containing products, 

which includes addiction and a range of toxic and carcinogenic effects, is very similar to the 

outcomes associated with smokeless tobacco use.1, 2, 4–6 Most notable adverse health effects 

are pre-cancerous oral lesions (particularly submucuous fibrosis) as well as oral and 

esophageal cancers.2, 7–10 Based on the evidence from epidemiologic, animal, and 

mechanistic studies, the International Agency for Research on Cancer classified areca nut as 

human carcinogen (Group 1).1, 2

Studies aimed at understanding the mechanisms underlying the addictiveness and 

carcinogenicity of areca nut have identified alkaloids guvacine, 1, arecaidine, 2, guvacoline, 

3, and arecoline, 4, as the potential key chemical constituents contributing to these properties 

(Figure 1).11–14 For instance, arecoline is believed to be the major addictive alkaloid in areca 

nut and has been shown to modulate a range of cellular enzymes such as matrix 

metalloproteinases and lysyl oxidase; arecoline is also known to inhibit p53 mRNA 

expression and DNA repair.1, 2, 15 The contribution of other alkaloids to the addictive 

potential of areca nut-containing products is not known; however, they have demonstrated 

bacterial mutagenicity and induced macromolecular changes in mammalian cells.2 In 

addition, these alkaloids can undergo nitrosation in the oral cavity of users to form areca nut-

derived nitrosamines such as N-nitrosoguvacoline, N-nitrosoguvacine, and 3-

methylnitrosaminopropionitrile which have the potential to damage DNA.16–18

Information on the levels of areca alkaloids in specific products is extremely scarce. This is 

an important gap in knowledge given the high diversity of products that contain areca nut: it 

can be used directly, fresh or processed (dried or cured), or be part of various complex 

formulations with other ingredients, including tobacco. For instance in India, areca nut is 
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commonly used as betel quid – a mix that contains areca nut, catechu (an extract from 

Acacia catechu), slaked lime, and various spices, prepared by vendors or consumers with or 

without tobacco and wrapped in a fresh betel leaf. Similar ingredients are used in pan masala 
(without tobacco) and gutkha (with tobacco) which are produced commercially and sold as 

pre-packaged sachets of dried mixture. On the other hand, in China, commercially produced 

areca nut is commonly consumed as dried or cured fruit with husk, with or without lime.11 A 

variety of other forms containing areca nut of varying ripeness and processing (fresh, dried, 

or cured) are also used worldwide.1, 2 This diversity of areca nut types and formulations can 

affect the levels of areca alkaloids and the subsequent exposures in users. Understanding the 

potential ranges of alkaloid variations across products can provide important insights into 

the potential role of these constituents in the addictive and carcinogenic potential of various 

formulations.

Our goal was to develop a robust and accurate liquid chromatography-tandem mass-

spectrometry (LC-MS/MS) method for simultaneous analysis of arecoline, arecaidine, 

guvacine, and guvacoline, and to apply the developed method to a range of products in order 

to provide initial insights into the potential variation of alkaloid levels across different 

formulations.

MATERIALS AND METHODS

Caution

Areca alkaloids are toxic and potentially carcinogenic and mutagenic, and should be handled 

with extreme care, using appropriate protective clothing and ventilation at all times.

Chemicals

Arecaidine hydrobromide, arecoline hydrobromide, guvacine hydrochloride, guvacoline 

hydrobromide, arecaidine-D5 hydrobromide, and arecoline-D5 hydrobromide salts were 

purchased from Toronto Research Chemicals (North York, Ontario, Canada). All other 

chemicals and solvents were purchased from either Sigma-Aldrich Chemical Co. 

(Milwaukee, WI) or Fisher Scientific (Fairlawn, NJ). All aqueous solutions were prepared 

with water purified on a 0.22 μm Millipore system (Billerica, MA).

Product samples

Products procured for the analysis of areca-specific alkaloids (Figure 2) included various 

types of areca nut and different manufactured areca nut-containing products purchased from 

the local markets in India, China and USA. Nine varieties of whole, halved, crushed, 

chopped, and sliced areca nuts (which are sold in bulk for the use in custom preparations and 

for traditional offerings) were purchased from the local markets in Mumbai, India. 

Manufactured pan masala and gutkha were obtained from two locations: Pan Parag, Pan 

Bahar, Rajnigandha, Rajshree, RMD and Vimal were obtained from Indore, Madhya 

Pradesh, India and Pan Parag gutkha and Tulsi were purchased in an ethnic shop in 

Minneapolis, MN. Samples of Chinese commercially produced areca nut products were 

obtained at three retail shops in one area of Changsha City, Hunan Province, China.
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Moisture content and pH

The measurement of moisture content and pH were performed by following the previously 

reported method.19 Moisture was determined gravimetrically, via the difference in weight of 

areca nut sample before and after its drying for 3 h in a heating block set at 99 °C. To 

measure pH, ~ 200 mg of ground sample was mixed with 5 ml HPLC-grade H2O, extracted 

at room temperature for 1 h, and centrifuged to pellet areca nut particles. The pH of the 

aqueous extract was measured with a pH meter.

Sample preparation

Samples were ground into a fine powder using a small coffee grinder (Krups F203), and 400 

mg of the powder were extracted with 2 mL of deionized water at room temperature for 1 h 

with intermittent shaking every 10 min. The areca nut particles were pelleted by 

centrifugation at 13,000 rpm for 5 min and the supernatant was transferred to a new pre-

labeled vial. Samples for LC-MS/MS analysis were prepared by adding 50 ng each of 

arecaidine-D5 and arecoline-D5 internal standards to the 10 μL of areca nut extract and 

diluting it to 1000 μL with 1% trifluoroacetic acid (TFA). Eight microliters of the sample 

was injected into LC-MS/MS for analysis.

Extraction with artificial saliva—To evaluate the potential changes in alkaloid 

extraction efficiency by salivary components, select product samples were also extracted by 

using artificial saliva prepared as described by Pappas et al.20 Following the extraction, 10 

μL of the salivary extract was mixed with 10 μL of acetonitrile in a 2.0 mL microcentrifuge 

tube and vortexed vigorously. This was followed by the addition of internal standards (50 ng 

each), dilution of the mix to 1000 μL with 1% TFA, and centrifugation at 13,000 rpm for 5 

min to pellet precipitated proteins. The supernatant was then transferred to LC-MS/MS vials 

for analysis.

Analysis of alkaloids by LC-MS/MS

Alkaloid analysis was performed on a TSQ Vantage mass spectrometer (Thermo Scientific, 

Waltham, MA) coupled with an Eksigent nanoLC-ultra 2D HPLC (Dublin, CA). The 

column used for chromatographic separation was a 150 mm × 0.5 mm i.d., 5 μm, Zorbax SB 

C18 (Agilent, Santa Clara, CA). Water containing 0.1% formic acid (solvent A) and 

methanol containing 0.1% formic acid (solvent B) were used as mobile phase at a flow rate 

of 15 μL/min. A linear gradient from 2-95% solvent B was used over 12 min for the alkaloid 

elution, then the mobile phase was returned to initial condition (2% solvent B) over 1 min 

and the column was equilibrated at this condition for 7 min before injecting the next sample. 

The mass spectrometer with electrospray ionization source was set in the positive ion mode 

with selective reaction monitoring (SRM). The quantitation and confirmation m/z transitions 

were monitored for the guvacine, guvacoline, arecoline, arecaidine, arecoline-D5 and 

arecaidine-D5 which are summarized in Table 1 with their respective collision energy. The 

collision gas (Ar) pressure was set at 1.4 mTorr. Quadrupoles Q1 and Q3 were operated at 

0.4 Da mass resolutions. The scan width was set at 0.4 Da with scan time of 0.10 s. The 

heated capillary temperature was maintained at 350 °C, and the spray voltage was 3500 V.
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Method characterization

Characteristics of the developed method were established using standard solutions of areca 

nut alkaloids. Arecaidine-D5 and arecoline-D5 were used as internal standards to account for 

the variability in instrument responses. Due to unavailability of isotope labeled guvacine and 

guvacoline, arecaidine-D5 was used as an internal standard for guvacine and arecoline-D5 

for guvacoline. Accuracy of the method was tested by injecting the different known 

concentrations of alkaloids in the 0.1 to 500 pg/μL range and back calculating the 

concentration by using peak area ratios of analyte to internal standard and the external 

calibration curve. Average percent accuracy was then determined by dividing the calculated 

and the known concentrations. The precision of the method for each analyte was determined 

by injecting them at their limit of quantitation (LOQ) concentration in triplicates and 

determining the coefficient of variation of the three measurements. The LOQ was 

established as the lowest level of each alkaloid that produced less than 15 percent coefficient 

of variation whereas the lowest level that produced a distinct signal but greater than 15% CV 

was set as the limit of detection (LOD).

Statistical analyses

Standard statistics such as means, standard deviations, and paired t-test (for the comparison 

of alkaloid levels between the salivary and the aqueous extracts) were computed using 

Sigma Plot v.12.5 (Systat Software).

RESULTS and discussion

Method Development

While a number of methodologies have been used previously for the analysis of areca nut 

alkaloids, including liquid chromatography or capillary zone electrophoresis with UV 

detection,14, 21 LC-MS,22 LC-MS/MS,23 and GC-MS.24, 25 Most of these methods offered 

inadequate analyte selectivity for the analysis of complex extract of areca nut products, 

while the previously reported LC-MS/MS method has been used to analyze only arecoline 

and arecaidine, but not other areca alkaloids. The novelty of our developed LC-MS/MS 

consists of the ability to analyze all four alkaloids in a single run with high selectivity and 

sensitivity.

A representative LC-MS/MS chromatogram of all four alkaloids and the two internal 

standards is shown in Figure 3. The presence of highly polar –COOH group in guvacine and 

arecaidine lead to their early elution at around 3.8 min whereas esterification of –COOH 

group in guvacoline and arecoline leads to their better retention on the column with elution 

at around 4.9 min. Due to structural similarity of guvacine with arecaidine and guvacoline 

with arecoline, which only differ by the methyl group at the pyridine nitrogen, it was not 

possible to separate their elution times. However, because of different precursor ions and 

fragmentation patterns there was no interference in their respective analysis. The precursor 

ion of guvacine, m/z 128 ([M+H]+), produced product ions m/z 110 and m/z 99 due to the 

loss of H2O and CH3N, respectively, whereas arecaidine with the same retention time had 

precursor [M+H]+ ion m/z 142 and product ions m/z 99 and m/z 44 due to the loss of C2H5N 

and C5H6O2, respectively. Similarly, guvacoline with precursor [M+H]+ ion m/z 142 
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produced product ions m/z 113 and m/z 81 from the loss of CH3N and C2H5O2, respectively, 

while arecoline with precursor [M+H]+ ion m/z 156 produced product ions m/z 113 and m/z 
44 resulting from the loss of C2H5N and C6H8O2, respectively. The internal standard 

arecaidine-D5 (m/z 147) had the same fragmentation as unlabeled arecaidine, producing 

product ions m/z 100 (loss of C2D4HN) and m/z 48 (loss of C5DH5O2). Similarly, arecoline-

D5 (m/z 161) had the same fragmentation pattern as arecoline, producing product ions m/z 
114 (loss of C2D4HN) and m/z 48 (loss of C6DH7O2). For each alkaloid, the precursor-

product ion transition that produced higher peak intensity and better signal to noise ratio was 

used for the quantitation and the second one for the identity confirmation purpose (Table 1).

Prior to applying the developed method to the analysis of various products, we optimized the 

extraction procedure to achieve its maximum efficiency. This was necessary primarily due to 

the variation in size of areca nut pieces in these products, which led to inconsistent 

extraction efficiency across samples. Therefore, the samples were ground into a fine powder 

to provide more uniformity in the extraction procedure. The effect of extraction duration and 

temperature was also investigated by using different product types. The optimal procedure (1 

h incubation at room temperature) was selected for the alkaloid extraction as longer 

incubation and higher temperature did not produce significant change in the alkaloid yields.

Method characteristics

Accuracy, precision, LOQ, and LOD for each alkaloid are summarized in Table 2. All the 

four alkaloids exhibited good linearity in instrument response (R2 > 0.99) across 10-500 pg/

μL concentration range with average accuracy between 98 to 104 percent. The LOQ for 

arecaidine and arecoline was 0.5 pg (on column) whereas for guvacine and guvacoline it was 

250 and 5 pg (on column), respectively. Method precision at the LOQ of each alkaloid was 

less than 15% CV. The LOD was as low as 0.1 pg (on column) for arecaidine and arecoline, 

and 2.5 pg (on column) for guvacoline (Table 2). Guvacine showed a much higher LOD (50 

pg on column), mainly due to its poor ionization efficiency and higher background noise in 

the low molecular weight transitions. Despite the higher LOD for guvacine, sensitivity of the 

method is excellent for all four alkaloids given the high levels at which they are present in 

areca nut-containing products.

Analysis of areca nut-containing products

Application of the developed method to the analysis of various areca nut-containing 

products revealed substantial variation in the levels of individual alkaloids across the 

products. The results expressed per dry weight product are summarized in Table 3. In all 

products, levels of guvacine, with the levels ranged from 1.39 to 8.16 mg/g dry weight, 

accounting for more than 50% of the total alkaloid content in most products. The levels of 

arecaidine ranged from 0.14 to 1.70 mg/g dry weight. The levels of arecoline and guvacoline 

ranged from 0.64 to 2.22 mg/g dry weight and 0.17 to 0.99 mg/g dry weight, respectively.

Factors such as the maturity of the nut, differences in its processing methods and storage 

conditions, and potentially the geographical location or other characteristics of the Areca 
catechu trees from which these particular samples of areca nut originated, could be 

responsible for the observed variations of alkaloid levels across products. The highest levels 
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of guvacine were found in the roasted areca nut sample from India (sample #9) (Table 3, 

Figure 4); however, it is not clear whether this is due to the roasting process or other factors. 

Among other alkaloids, arecaidine levels vary most noticeably, approximately 12-fold, 

across products. Overall, higher levels of this alkaloid were present in pan masala and 

gutkha compared to the bulk areca nut samples (Figure 4). The high pH of pan masala and 

gutkha is most likely the major factor contributing to these differences, as it leads to the 

hydrolysis of methyl ester in arecoline to form arecaidine.9 However, the sum of arecoline 

and arecaidine is also higher in pan masala and gutkha than in the bulk areca nut samples 

(Figure 4), suggesting that other factors, for instance the processing of areca nut during the 

preparation of manufactured products, may play a role. Similarly, hydrolysis of guvacoline 

to guvacine is expected to take place in the high-pH manufactured products, which is 

supported by the generally lower guvacoline levels in pan masala and gutkha than in the bulk 

areca nut samples (Table 3). However, there are no noticeable differences in guvacine 

content between these two product types, potentially because of its relatively high levels and 

wide variability across individual samples. In the areca nut product from China, the effect of 

pH on alkaloid profile is more pronounced: product 2 had higher pH, higher guvacine and 

arecaidine, and lower guvacoline and arecoline, than the other two products, in agreement 

with the ester hydrolysis hypothesis. Overall, the sum of all four alkaloids varied from 2.86 

to 9.91 mg/g dry weight, or more than 3.5-fold, in this limited set of products. Further 

studies are needed to better characterize the levels of these and other chemical constituents 

in the areca nut-containing product varieties used worldwide.

Our finding that guvacine is by far the most abundant among the four measured alkaloids, 

irrespective of the product type, is in contrast with the common assertion in the literature 

that arecoline is the major alkaloid in areca nut.1, 2, 26–28 This discrepancy can be due to the 

analyses of raw areca nut in earlier studies and the fact that the total amount and 

composition of alkaloids varies with the age of areca fruit. For instance, arecoline levels in 

the nut rise during the maturation period but drop significantly in the matured nut.29 In 

addition, Franke et al.22 recently analyzed the aqueous extract of young and mature areca 

nuts and found significant differences in the total alkaloids and relative levels of individual 

alkaloids between them. Lower level of total alkaloids was observed in the young green nut 

compared to the mature nut, with arecoline being the major alkaloid. In the mature nut, 

however, guvacine was the major alkaloid with almost 3-fold higher concentration than 

arecoline, which is consistent with our data. These observations suggest that the alkaloid 

profile, i.e. the relative contribution of individual alkaloids to the total alkaloid content, can 

potentially be used as a tool in product surveillance studies to identify the similarities or 

differences in characteristics of various areca nut-containing products.

Impact of saliva and tobacco on alkaloid extraction

Given that areca nut-containing products are used orally, and saliva is an enzyme- and 

electrolyte-rich complex mixture, it is possible that the efficiency of areca alkaloid 

extraction with saliva may be different from that with water. Our experiment with artificial 

saliva extraction demonstrated an inconsistent effect on the measured alkaloid levels in 

various products. Products that share common features (i.e. bulk areca nut pieces, 

manufactured mixes, and manufactured areca nut from China) exhibited generally similar 
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patterns of the major differences in alkaloid levels between aqueous and salivary extracts, 

suggesting that product composition plays an important role (Figure 5). Salivary extracts of 

the bulk areca nut pieces obtained from India contained similar levels of guvacine and 

arecaidine (p > 0.05 for both alkaloids), but lower levels of guvacoline and arecoline (p = 

0.006 and p = 0.007, respectively) than the aqueous extracts of the same products. Salivary 

extraction of pan masala and gutkha led to higher levels of guvacine as compared to the 

aqueous extracts of the same products (p < 0.001), while the levels of other alkaloids were 

not affected. In Chinese manufactured areca nut samples, the decrease in guvacine and 

guvacoline levels in saliva extracts was not statistically significant, potentially due to the 

small number of samples, and there was no observable change in the levels of arecaidine or 

arecoline (p > 0.05 for all comparisons). The observed variations stress the need for 

biomarker-based studies of areca alkaloid exposures, including salivary measurements, to 

better understand how the variability of product formulations affects constituent extraction 

and uptake in users.

Another potential consumer-driven factor that may affect exposures to areca nut constituents 

is the concomitant use of areca nut-containing products with other products, such as tobacco. 

For instance, while pan masala is prepared without the addition of tobacco, tobacco sachets 

of the same brand are often being manufactured and sold to be mixed with pan masala 
before use by consumers.30 We analyzed three samples of pan masala with available tobacco 

sachets of the same brand: Rajshree, RMD, and Vimal. When expressed per gram of pan 
masala, the levels of alkaloids extracted with or without the addition of tobacco were similar. 

This lack of tobacco effect on the extracted levels of areca alkaloids is consistent with the 

very similar levels of all four alkaloids between pan masala Pan Parag and gutkha of the 

same brand (Table 3). However, it should be noted that tobacco itself is a rich source of 

carcinogens, including the tobacco-specific potent oral and esophageal carcinogen N′-

nitrosonornicotine.31 Therefore, addition of tobacco to areca nut-containing formulations 

increases total carcinogenic exposures in users.

Summary

A large variety of products containing different types of areca nut and other ingredients are 

being sold and consumed by hundreds of millions of users worldwide. Areca alkaloids 

guvacine, arecaidine, guvacoline, and arecaline are implicated in the addictiveness of such 

products, as well as in the adverse health outcomes associated with their use.2, 3 In this 

study, we have developed a robust and accurate method for the analysis of these important 

constituents and for the first time characterized their levels in a variety of product types and 

formulations obtained from India, China, and USA. Despite the limited number of samples 

analyzed here, this study represents the first important step towards characterizing the 

chemical diversity and the associated addictive and carcinogenic potency of various areca 

nut-containing products. Given the detrimental health outcomes associated with areca nut 

use and the high number of users worldwide, there is an urgent need to expand such studies. 

Future work should also incorporate biomarker-based measures of areca nut constituent 

exposure and effect.
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Figure 1. 
Structures of areca nut alkaloids.
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Figure 2. 
Bulk areca nut samples from India analyzed in this study (scaled individually to fit the 

figure).
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Figure 3. 
Typical LC-MS/MS chromatogram obtained upon analysis of Pan Parag (pan masala). Two 

transitions were monitored for each (A) guvacine, 1; (B) arecaidine, 2; (C) arecaidine-D5, 5; 

(D) guvacoline, 3; (E) arecoline, 4; and (F) arecoline- D5, 6.
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Figure 4. 
Comparison chart showing the relative contribution of individual alkaloids towards total 

alkaloid content in different areca nut products which are categorized based on the product 

type.
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Figure 5. 
Changes in individual alkaloid levels extracted with artificial saliva expressed as % of the 

levels measured in aqueous extracts of the same products. Error bars represent standard 

deviations of the percent change among different products of the same type.

*Statistically significant changes (p < 0.05)
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