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Background & Significance

Poison dart frogs are characterized by bright color and toxic alkaloids
secreted from the skin.1,2 Alkaloids
are naturally occurring cyclic amines
and they have many different
biological activities. There are over 30
structural classes known in poison
frogs. Frogs do not make their own
alkaloids with the exception of
pseudophrynamines produced by one
genus of Australian toad. Normally
frogs
eat
alkaloid
containing
arthropods then sequester the
alkaloids in specialized glands in their
skin. We work with a variety of
collaborators who study poison frogs
from Madagascar and South America.
These ecologists are trying to answer questions such as “Why don’t
poison frogs poison themselves?” and “How is color related to
toxicity?” Our group characterizes the alkaloids in the samples that
were collected by our collaborators. Our typical analysis method is
gas chromatography in conjunction with mass spectrometry. This is
commonly used for the analysis of poison frog alkaloids as most are
volatile. Identification and especially quantitation of these alkaloids
have proven to be difficult because of the lack of pure known
samples. Thus, we are trying to build a reliable experimental alkaloid
spectral library and develop quantitation methods.

Pumiliotoxins (PTX)

There are 32 known PTXs at present. Below is the EI mass spectrum
for PTX 251D. PTXs are characterized by peaks at m/z 166 (from
side chain cleavage at the exocyclic double bond) and m/z 70
(pyrrolidine), usually with 166 as the base peak. Spectra also contain
different peaks such around m/z 206, 194, 148, 122, 109, and 95
depending on the structure of the side carbon chain. Smaller peaks
contain information about the different pathways a molecule can fall
apart, such as the peak at m/z 84. 1,2

Histrionicotoxins (HTX)

There are 16 currently known histrionicotoxins. Below is the mass
spectrum of HTX 239H. The peak at m/z 196 is the result of αcleavage at the C2 carbon. The peak at m/z 96 m/z begins αcleavage opening the cyclohexanol ring and concerted loss of the C2
substitutent and C7-10. Likewise, the m/z 152 base peak is from ring
opening as before and γ-hydrogen rearrangement (McLafferty) to lose
C7-C9. The m/z 168 ion comes from retro-Diels-Alder of m/z 196. 1,2

Electron Ionization (or electron impact, EI) uses electrons at high
energy (70 eV, nearly 7000 kJ/mol), which interact with molecules
causing them to eject an electron, forming a radical cation.3 This ion
is unstable and falls apart into fragments. These fragments create a
fingerprint, identifying the class of alkaloid by their characteristic
fragment patterns. We also
use Chemical ionization (CI)
which generates protons in
the form of NH4+ ions by the
same process with relatively
large amounts of ammonia
gas relative to the analyte.
This protonates the alkaloids
producing [M+H]⁺ ions, from
which we calculate molecular
weight by subtracting 1 mass unit.3-5 Either way, we must separate
the ions once they are produced. Our quadrupole ion trap injects ions
from the source (EI or CI) and captures ions by using DC and RF
voltages, then scans RF to match the orbital frequency of the ions.
The frequency should be proportional to m/z. Once we confirm the
identity of the alkaloid, we use the integration for the most abundant
ion to quantify and report the data to our collaborators.

At present, there are a total of 1,052 alkaloids to be added to the
library from the 2005 tabulation and 612 entries have been completed.
A need exists for these alkaloids as analytical standards. The ability to
access these readily characterized alkaloids would be very useful for
quantitative analysis. Our goal is to make our library, comprised of
authentic, background subtracted electron impact spectra, publicly
available through NIST as well as in free public databases such as the
Global Natural Product social Molecular Networking project (GNPS).
This way, researchers in this field will have access to high quality, fully
curated spectral and chromatographic datasets from which to identify
alkaloids in their own extracts with high confidence. In particular, this
should be of substantial value to ecologists who often lack access to
reference compounds and high quality datasets.
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Allopumiliotoxins (aPTX)

There are currently 20 known aPTXs (7-hydroxyPTXs). Below is the
spectrum for aPTX 267A. Fragmentation is similar to PTXs with the
primary fragments at m/z 182 (166 + 16 for the additional oxygen)
and m/z 70 (usually the base peak). Common diagnostic minor
fragments are m/z 112 m/z and 114. 1,2

6,7-Dehydro-5,8-Disubstituted Indolizidines

There are 29 6,7-dehydro-5,8-Is. This is a mass spectra of Alkaloid
201A. The parent ion at 201 m/z undergoes an alpha-cleavage of the
side chain which creates the peak at 136 m/z. This structure can
further break down by aromatization and a loss of a hydrogen to
create the peak at 134 m/z. The peak at 120 m/z is formed when the
ring aromatizes and loses a methyl.1,2

Gas Chromatography-Mass Spectrometry
Gas chromatography is an analytical technique that separates
compounds in the gas phase. Compounds elute at different times
based on vapor pressure and polarity. We use a Thermo Trace GC
Ultra capillary gas chromatograph for separations. This is interfaced
to an iTQ1100 quadrupole ion trap mass spectrometer. Mass
spectrometry ionizes molecules and measures the mass to charge
ratio of the resulting ions and fragments. There are multiple types of
ion sources. The ones we use are electron impact ionization (EI) and
chemical ionization (CI). Below is an image of our GC-MS,.
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Decahydroquinolines (DHQ)

Decahydroquinolines are common with 35 presently known. The
spectrum below is of DHQ trans-243A. DHQs are dominated by the
base peak (here m/z 202) from α-cleavage of the C2 side chain. 1,2

Spiropyrrolizidines (Spiro-P)

Spiropyrrolizidines are rarer with only 9 currenly known. Below is the
spectrum of Spiro-P 222. The parent ion m/z 222 rearranges by αcleavage
of
the
pyrrolizidine
ring
and
loss
of
dimethylmethylenecyclopentane to give a base peak of m/z 112. This
extrudes NO to give a minor peak at m/z 82. ¹

5,8-Disubstituted Indolizidines (5,8-I)

This is the most abundant class with 77 known 5,8-I and another 70
in the closely related 5,6,8-I trisubstituted group. Below is the
spectrum for 5,8-I 245N. The m/z 176 base peak is from α-cleavage
of C5 side chain. The m/z 96 peak the arises from retro-Diels-Alder
fragmentation of the piperidine ring. 1,2

3,5-Disubstituted Indolizidines (3,5-I)

These are also common with 40 members. Below is the spectrum for
3,5-I 223Z. This group has two possible α-cleavages, one on each
ring. Thus, the m/z 152 base peak comes loss of the pentyl group at
C3, while the smaller 194 is from loss of the ethyl group at C5. The
m/z 124 comes from either of these by McLafferty rearrangement.1,2
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