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Original Research Article

Multiple element isotopic analysis as a tool to
discriminate the geographical origin of
Ipomoea violacea

ABSTRACT

Aims: The importance of this study is to test the possibility of differentiating the geographical origin of
. violacea wild specimens by its carbon, nitrogen and oxygen stable isotopic compositions.

Study design: Completely randomized design.

Place and Duration of Study: Sample: the laboratorial analyzes we were on Institute of Biosciences,
Botucatu, Brazil between January 2016 and December 2016.

Methodology: We collected the shoots of ten /. violacea wild specimens in each of the two selected
regions (Botucatu - SP, Trés Lagoas — MS, Brazil). The samples we submitted at dry (60 °C for 48
hours in a forced ventilation oven), of dry parts were placed individually in plastic capped recipients
containing lead spheres for the milling process. After that, the samples were weighed within individual
capsules in a high precision balance and stored until analysis. For carbon and nitrogen analysis, tin
capsules were used, and the average weight was 60 yg and 1100 pg, respectively. For oxygen
analysis, the amount weighted was 170 pg within silver capsules. Isotopic analyzes were performed
by isotopic ratio mass spectrometry (IRMS). Analyses were also made in triplicate. The isotope values
were expressed in the standard delta notation (8[%o]) with analytical errors of 0.2%o, 0.3%0 and 1.0%o
for carbon, nitrogen and oxygen, respectively. Work results are presented as mean t+ standard
deviation. Principal component analysis was performed to define which isotope presents the greater
variability.

Results: Our results clearly differentiated |. violacea specimens collected within different regions (Fig.
2; Table 3). This certifies the possibility of discriminating the geographical origin of I. violacea
specimens by multiple element stable isotope analysis. Results also certified that multiple element
isotope analysis can contribute to the building of a database containing the isotopic signature of /.
violacea specimens with known origin.

Conclusion: The isotopic composition varied between plants of different regions. Thus, the technique
is effective in /. violacea’s geographical origin discrimination.

Keywords: Stable isotopes, carbon-13, nitrogen-15, oxygen-18, LSA, morning glory.

1. INTRODUCTION

There are many psychoactive plants around the Earth and they can be easily found due to its
easy identification as well as its already established geographical distribution. These plants don’t
share the same active principle, so the neurotoxic substances within them are different [1].
Historically, the use of a convolvulaceae with bell shaped flowers named Ipomoea violacea was
common in pre-Columbian rituals [2].

I. violacea has ergot-alkaloids of the LSD family such as ergine — or lysergic acid amide (LSA,
from the German word lysergsaureamid) and its isomer, isoergine [3]. They are high acxtivity L-
tryptophan-derived natural products [4] which have affinity with the receptors of human serotonin and
dopamine [5].

Recently, many countries (e.g. Brazil and USA) placed LSA under special control. This makes
illegal to possess or to distribute LSA-containing materials within these countries and increases the
interest in such materials, mainly by law enforcement agencies.
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The Brazilian Federal Police is trying to find ways to map illicit plants in South America in
order to create a database to compare the chemical signatures of seized plants with those of known
origin plants [6]. Many studies utilized the isotopic signature, mainly from carbon and nitrogen, to
identify traceability patterns of psychoactive substances or plants [7, 8, 9].

A previous study found significant differences in carbon and nitrogen isotopic composition
between [. violacea [10]. They analyzed leaves collected both north and south of the Mobile-Bay
Causeway in Mobile-Tensaw river delta, USA.

The aim of the present study was to test the possibility of discriminating the geographical
origin of /. violacea specimens collected in regions with distinct developing conditions. The experiment
consisted in applying multiple element stable isotope analysis to determine carbon, nitrogen and
oxygen isotopic compositions of |. violacea specimens.

2. MATERIAL AND METHODS / EXPERIMENTAL DETAILS / METHODOLOGY

We collected the shoots of ten I. violacea wild specimens in each of the two selected regions.
These regions are respectively comprised of the Brazilian cities of Trés Lagoas (TL), in Mato Grosso
do Sul state, and Botucatu (BT), in Sao Paulo state. The relative location between the cities is shown
in Fig. 1.
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Fig. 1. Relative location between the regions on the map of Brazil (scale = 1:31,500,000 cm). A
straight-line distance between the cities has approximately 409 km.

The TL region has coordinates 20°45'04”S and 51°40’42"W, and is located 319 meters above
sea level [11]. Its annual average temperature ranges from 24 to 26 °C and the precipitation level
varies between 1250 and 1450 mm(H,O) yr-1 [12]. The characteristic biome within this city is the
Brazilian cerrado and the soil is predominantly a Dark Red Latosol [14].



The BT region is situated in Midwest Sdo Paulo state and has coordinates 22°53'09"S and
48°26’42"W. The average height above sea level is 804 meters [11]. Its annual average temperature
ranges from 20 to 22 °C and the precipitation level ranges between 1250 and 1450 mm(H,0) yr-1
[12]. The soil is mostly a Dystrophic Red Latosol (27.71%) and an Orthic Quartzarenic Neosoil
(24.47%) [13], and its observed biome is a transition between the Atlantic forest and the Brazilian
cerrado [15].

We separated the plants’ shoots in leaves, flowers and seeds. Prior to isotopic analysis, all
samples were submitted to drying at 60 °C for 48 hours in a forced ventilation oven (Marconi — MA
035).

Then, the dry parts were placed individually in plastic capped recipients containing lead
spheres for the milling process. This process consists in submitting the samples to a very low
temperature (-196 °C) for a few seconds by using liquid nitrogen, and putting them into a cryogenic
mill (Spex 6700-230 freezer/mill — Spex Industries) at a rotation frequency of 870 rpm for six minutes.

After that, the samples were weighed within individual capsules in a high precision balance (d
=1 ug; Excellence Plus Balance XP6 — Mettler Toledo International Inc.) and stored until analysis. For
carbon and nitrogen analysis, tin capsules were used, and the average weight was 60 pug and 1100
Mg, respectively. For oxygen analysis, the amount weighted was 170 pg within silver capsules.

Isotopic analyzes were performed by isotopic ratio mass spectrometry (IRMS), these can
determine the sample’s isotope ratio (rsample) between the two most abundant isotopes, thus
allowing the calculation of its isotopic composition (8X) throughout the following equation [10]:

r, o
éX :|: sample 1:|
rstd

Where X is the element’s heavier stable isotope ("°C, "°N or '®0) and rsample is the ratio of
the heavy isotope to the light one, e. g. 3C/"C. The rstd utilized for carbon, nitrogen and oxygen are
the international standards values of PeeDee belemnite (PDB), atmospheric air and Vienna-Standard
Mean Ocean Water (V-SMOW), respectively [7, 10].

Carbon and nitrogen analyses were performed in an online system where the samples were
introduced individually in the elemental analyzer (EA 1108 — CHN — Fisons Instruments) by an
autosampler to generate CO, and NOx. The last one was then reduced to N, by the presence of
copper. The resulting gases were separated by gas chromatography and then analyzed in dual inlet
IRMS system (Delta S — Finnigan MAT). All analyses were performed in triplicate. At the time between
analyses, measurements of certified standard (IVA33802174 — Urea Isotopic Working Standard) were
made.

For oxygen analyses, the system in use was also online. Here, the elemental analyzer
(Thermo Finnigan™ TC/EA) uses a pyrolysis system to convert organic matter into H, and CO gases
that are separated by gas chromatography, and then, the formed CO is analyzed in dual inlet IRMS
system (Delta V ADVANTAGE). Analyses were also made in triplicate. In this case, the certified
standard is aspartic acid (2-aminobutanedioic acid).

The isotope values were expressed in the standard delta notation (3[%o]) with analytical errors
of 0.2%o, 0.3%0 and 1.0%o for carbon, nitrogen and oxygen, respectively. Work results are presented
as mean = standard deviation.

Principal component analysis was performed to define which isotope presents the greater
variability (as described by [16]). The isotopic difference was assessed by discriminant analysis,
allowing the distinction of the response groups of shoots’ parts between regions. And the
Mahalanobis distance analysis was used to show the dissimilarity between parts of the shoots of
different regions.
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3. RESULTS

Plants developed in BT region were more enriched in carbon-13, nitrogen-15 and oxygen-18
(Table 1). By comparing 5"%C values between the parts of the shoots of different regions, the variation
found ranged from 0.04%o to 3.14%.. Taking &'°N values into account, the variations were between
2.11%o and 2.84%o.. And the variation observed in 520 values shoots ranged from 0.87%o to 6.68%o.

Table 1. Carbon, nitrogen and oxygen isotopic compositions of /. violacea. Means and standard
10). Flowers, leaves and seeds were from different regions of

deviations presented (n
occurrence (BT and TL).

Part of the shoot BT TL
Flower -29.85+0.14 -29.89+0.08
5"°C [%d] Leaf 27204012 -30.43+0.12
Seed -28.23+0.11 -29.53+0.13
Flower 1218+034  9.85+012
&"°N [%o] Leaf 11.34+0.15  9.23+0.26
Seed 11.06 + 0.22 8.22+ 0.08
Flower 26.11+0.60 19.43+040
5'°0 [%d] Leaf 19.29+0.42  18.42+0.35
Seed 21194036  19.23+0.27

Principal component analysis showed the formation of distinct response groups for each part
of the shoot, as well as the separation of whole plants within its corresponding region (Fig. 2). This
was also proved by discriminant analysis (p = 0.01). The first component represents 55% information,
and 6780 is the most influential variable in the discrimination of this axis (Table 2). The second

component represents 29% information, and it is more influenced by 575N.

Table 2. Coefficients of principal components for delta variables of /. violacea samples.

Variable PC1 PC2 PC3
5"°C 0.582 0.564 -0.586
5'"°N 0.466  -0.822  -0.327
5'%0 0.666 0.083 0.741

Variance [%] 0.553  0.291 0.157
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Fig. 2. Principal component analysis of parts of the shoot from different regions. BTFLO, BTLE
and BTSE: flowers, leaves and seeds from BT region, respectively; TLFLO, TLLE and TLSE:
flowers, leaves and seeds from TL region, respectively.

Mahalanobis distance analysis showed that leaf is the part of the shoot with greater
dissimilarity between regions, with a squared distance of 910.67 (Table 3). For the flower and the
seed, the squared distances are 122.36 and 183.19, respectively.

Table 3. Squared distances between parts of the shoots of /. violacea from different regions.

TLFLO TLLE TLSE
BTFLO 122.359

BTLE 910.667

BTSE 183.187

4. DISCUSSION

Multiple element stable isotope analysis is a useful tool in discriminating plants collected in
distinct locations with varied developing conditions. This justifies its use in experiments aimed at
gathering information about the geographical origin of . violacea. Carbon, nitrogen and oxygen
isotopic compositions of the plant vary as its developing condition varies. This allows the generation
of an isotopic profile of the plant based on its region of occurrence.

Carbon isotopic composition is regulated by plants’ photosynthetic pathway throughout the
relationship between CO, concentrations inside the stomata (c;) and in the atmospheric air (c;) as
described in the equation below [6]:

13
5 Cplanl atm

—0"C. —a—(h-a)<t
C

a
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Where 5"°C..m, is the carbon isotopic composition of the atmospheric air, a is the CO, physical
fractionation from the air to the stomata and b is the fractionation involved in the photosynthetic
pathway [6].

The small variation found for carbon isotopic composition between regions was expected
because the samples belong to the same species; hence they have the same photosynthetic
pathway. Such variation might be observable due to a difference in atmospheric CO, bioavailability
within the regions. A previous study analyzed the carbon isotopic composition of Ipomoea’s leaves
and also found similar variations [10].

The photosynthetic mechanisms are Hatch-Slack- Kortschak (C4), Benson-Calvin (C3) and
Crassulacean Acid Metabollsm (CAM) [6]. A Cs-type plant has 5"°C values ranging from -35 to -24%o
[16]. Thus, by looking at the 5"°C results presented in this work, /. violacea is clearly a C3-type plant.

The factors relative to nitrogen isotopic composition are dry and wet deposition, its fixation
from the air by nitrogen-fixing bacteria and soil conditions [6]. Those factors may have dlfferent
isotopic compositions that are transferred to the plant. Organic matter tends to have higher 5N
values [7]. As a result, plants developed in nutrient-poor soils will present low 3'°N values. Samples
from BT region presented higher 5"°N values (Table 1). This could be due to region’s nutrient-richer
soil, as compared with the soil in TL region.

There were greater variations when comparing 5"°N values with a previous study [10]. This is
due to the wider difference in plants’ developing conditions between experiments. That wider
difference is characterized by the distance between collection regions.

The most significant geographical indicator among elements of biological interest (e.g.
hydrogen, carbon, nitrogen, oxygen and sulfur) is the oxygen isotopic composition [18]. It exhibits a
systematic variation as a function of its developing region, i.e. it is extremely latitude-dependent. The

5"%0 variation found between developing regions was expected because of their different latitudes.
Besides, our results corroborated the significance of oxygen isotopic composition as an important
geographical indicator (Table 2; Fig. 2).

Our results clearly differentiated /. violacea specimens collected within different regions (Fig.
2; Table 3). This certifies the possibility of discriminating the geographical origin of I violacea
specimens by multiple element stable isotope analysis. Besides, finding greater isotope dissimilarity
for leaves was beneficial, as I. violacea is a perennial rather than a deciduous plant. Results also
certified that multiple element isotope analysis can contribute to the building of a database containing
the isotopic signature of /. violacea specimens with known origin.

1. violacea plants differ in the total composition of their alkaloids as their native growth region
varies [19]. Thus, the plant’s psychoactive potentiality could be possibly estimated with a basis on its
region of occurrence. Besides, this multiple element stable isotopes approach, combined with high
performance chromatography methods, allows the verification, in further studies, of the relationship
between the total composition of alkaloids and the region of occurrence of /. violacea samples.

5. CONCLUSION

The isotopic composition varied between plants of different regions. Thus, the technique is
effective in I. violacea’s geographical origin discrimination.
REFERENCES

[1] Halpern JH and Roth BL. Hallucinogens and dissociative agents naturally growing in the
United States. Pharmacology & Therapeutics 102: 131-138; 2004.

[2] Carod-Artal FJ. Hallucinogenic drugs in pre-Columbian Mesoamerican cultures. Neurologia
30: 42-49; 2015.



190
191
192

193
194
195

196
197

198
199
200

201
202
203

204
205

206
207

208
209
210

211
212
213

214
215

216
217
218

219
220
221

222
223

224
225

226
227
228

229
230

[3] Cordell GA and Choi T. Alkaloids and their biosynthesis. - In: (ed.): Encyclopedia of
Life Support Systems (EOLSS), developed under the auspices of the UNESCO; 2011. Paris,
France.

[4] Ahimsa-Miller MA, Markert A, Hellwig S, Knoop V, Steiner U, Drewke C and Leistner E.
Claviciptaceous fungi associated with ergoline alkaloid-containing convolvulaceae. Journal
Natural Products 70(12): 1955-1960; 2007.

[5] Ivanova BB and Spiteller M. 2012. Derivatives of ergot-alkaloids: molecular structure, physical
properties and structure-activity relationships. Journal of Molecular Structure 1024: 18-31.

[6] Shibuya EK, Sarkis JES, Negrini-Neto O and Martinelli LA.. Carbon and nitrogen stable
isotopes as indicative of geographical origin of marijuana samples seized in the city of Sdo Paulo
(Brazil). Forensic Science International 167: 8-15; 2007.

[7] Booth AL, Wooller MJ, Howe T and Haubenstock N. Tracing geographic and temporal
trafficking patterns for marijuana in Alaska using stable isotopes (C, N, O and H). Forensic
Science International 202: 45-53; 2010.

[8] Ehleringer JR, Casale JF, Lott MJ, Ford VL. Tracing the geographical origin of cocaine. Nature
408: 311-312; 2000.

[9] West JB, Hurley JM and Ehleringer JR. Stable isotope ratios of marijuana. I. Carbon and
nitrogen stable isotopes describe growth conditions. Journal of Forensic Science 54: 84-89; 2009.

[10] Goecker ME, Valentine JF, Sklenar SA and Chaplin Gl. Influence from hydrological
modification on energy and nutrient transference in a deltaic food web. Estuaries and Coasts 32:
173-187; 2009.

[11] Miranda EE. [Mapping and estimating Brazilian urbanized area based in orbital images and
statistical models]. - In: Anais do XII Simpdsio Brasileiro de Sensoriamento Remoto. Instituto
Nacional de Pesquisas Espaciais (INPE). 2005; Goiania, Brazil.

[12] Ramos AM, dos Santos LAR and Fortes LTG. [Weather and climate of Brazil: 1961 to 1990].
Instituto Nacional de Meteorologia (INMET). Brasilia, Brazil. [In Port.]; 2009.

[13] Piroli EL. [Geoprocessing to assess capacity and evaluation of land use in the city of
Botucatu, Sdo Paulo state]. Ph. D. thesis. Faculdade de Ciéncias Agronémicas, Universidade
Estadual Paulista. Botucatu, Brazil. [In Port.]; 2002.

[14] Poggiani F. [Cycling and exporting nutrientes in forests for energy purposes]. - In: Simpdsio
Sobre Energia da Biomassa Florestal. Final Report, CESP/IPEF. Sdo Paulo, Brazil. [In Port.];
1983.

[15] Instituto Brasileiro de Geografia Estatistica (IBGE). 2015. “Cidades, © 2014 IBGE”. Botucatu,
Brazil. http://www.cidades.ibge.gov.br/.

[16] Sartori MMP, Denadai JC, Gracia AML, Carrijo AS, Ducatti C. Multivariate analysis of stable
isotope data in the traceability process for birds. Acta Scientiarum 34(4): 437-442; 2012.

[17] Kelly S, Heaton K and Hoogewerff J. Tracing the geographical origin of food: The application
of multi-element and multi-isotope analysis. Trends in Food Science & Technology 16: 555-567;
2005.

[18] Marchese JA, Ming LC, Ducatti C, Broetto F and da Silva ET. Carbon isotope composition as
a tool to control the quality of herbs and medicinal plants. Photosynthetica 44: 155-159; 2006.



231 [19] Genest K. A direct densitometric method on thin-layer plates for the determination of lysergic
232 acid amide, isolysergic acid amide and clavine alkaloids in morning glory seeds. Journal of
233 Chromatography 19: 531-539; 1965.



