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Abstract
Interest in alkylamide, as a class of compound, has grown tremendously in recent years. This interest is due to the many presumed
benefits in food, cosmetics, and medicine. This review focuses on the different alkylamides naturally occurring in many plant
species. Several methods have been employed for their identification as well as isolation and several in vitro and in vivo studies
have revealed their therapeutic effects in various diseases. In general, alkylamides have been reported to have several biological
activities and pharmacological effects which include immunomodulatory, antithrombotic, antimicrobial, antiviral, antioxidant,
anti-inflammatory, analgesic, anticancer, antidiabetic, and antiprotozoal activities. Moreover, many studies have reported on their
mechanisms of action, structure-activity relationship, pharmacokinetics, and toxicity. We herein present an updated report on the
chemistry and pharmacology of alkylamides of natural origin.
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Introduction

Alkylamides are a group of bioactive compounds that can be
obtained from natural sources such as the plant families of
Aristolochiaceae, Asteraceae, Brassicaceae, Convolvulaceae,
Euphorbiaceae, Menispermaceae, Piperaceae, Poaceae,
Rutaceae, and Solanaceae (Méndez-Bravo et al. 2011). In
the Asteraceae family, alkylamides have been reported in the
genera Achillea, Acmella, Echinacea, Heliopsis, and
Spilanthes (Rios 2012). Plants containing alkylamides are
used as spices for their pungent and tingling sensations and
are incorporated into topical cosmetics for their wrinkle-
smoothing and anti-aging properties (Veryser 2016). When

they occur in plants, the abundance of alkylamides could vary
in the various parts. These include but not limited to leaves
and stems of Aristolochia gehrtii Hoehne, Aristolochiaceae,
Phyllanthus fraternus G.L.Webster, Phyllanthaceae,
Amaranthus hypochondriacus L., Amaranthaceae,
Achyranthes ferruginea Roxb, Amaranthaceae; the fruits of
Piper longum L., Piperaceae; the flowers of Spilanthes
acmella (L.) L., Asteraceae; the seeds of the Piper species,
the pericarpium of Zanthoxylum piperitum DC., Rutaceae,
and Piper sp.; the placenta of Capsicum sp.; tubers of
Lepidium meyenii Walp., Brassicaceae; and roots of
Heliopsis longipes (A. Gray) S. F. Blake, Asteraceae,
Echinacea purpurea (L.) Moench, Asteraceae, Achillea
wilhelmsii K. Koch, Asteraceae, Acmella oppositifolia
(Lam.) R.K. Jansen, Asteraceae, Asarum heterotropoides F.
Schmidt, Aristolochiaceae, and Cissampelos glaberrima
A.St.-Hil., Menispermaceae (Rios 2012).

Alkylamides are structurally diverse with a wide range of
pharmacological effects (Boonen et al. 2012a). Thus, their
application in the pharmaceutical, cosmetic, and food industry
is anticipated. Those obtained from plants are usually lipophil-
ic substances with some growth regulatory functions, like
those of N-acylethanolamines (NAEs) (Hajdu et al. 2014).
They have been reported to promote primary root growth
and root hair elongation in a manner independent of auxin
(Ramírez-Chávez et al. 2004) and dependent on the
cytokinin-signaling pathway (López-Bucio et al. 2007).
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NAAs also induce plant immunity through jasmonic acid
(JA)–dependent and MPK6-regulated signaling pathways
(Méndez-Bravo et al. 2011).

Despite their structural diversity, alkylamides have a common
central feature of an amide bond (1). Plant NAAs also usually
contain an aliphatic chain of poly-unsaturated fatty acids con-
nected to a short-chain amine, which forms the basis for their
structural classification. An online database with more informa-
tion on the classification of alkylamide called Alkamid® is cur-
rently available for public use (Boonen et al. 2012a). This review
is a comprehensive compilation of alkylamides from natural
sources, with specific reference to their chemistry and pharma-
cological effects. It is aimed that the article would provide up-to-
date scientific information on these compounds that can generate
further interest in their development as drugs.

Chemistry

Structurally, alkylamides are fatty acid amides related to N-
acyl-l-homoserine lactones (AHLs) from gram-negative bac-
teria and to N-acylethanolamines (NAEs) from plants and
mammals (Méndez-Bravo et al. 2011). Despite such a rela-
tively simple molecular constitution (1), however,
alkylamides are diverse in their structural variability. They
each consist of saturated or unsaturated (including double or
triple bond) fatty acid chain with length ranging from C8 to
C18 and an aliphatic, cyclic, or aromatic amine moiety. The
characteristics of both the acids (level of saturation, number of
carbon atoms, and stereochemistry) and the amide portion
have found usefulness in chemotaxonomy. A book chapter
describing the chemical distribution of alkylamides and their
relevance to plant classification is available (Rios 2012).

Detection and Analytical Methods

Various analyticalmethods involving chromatographic and spec-
troscopic techniques are used in medicinal plant research to en-
sure the quality of herbal preparations. These analytical methods
could be individual or hyphenated. Thin-layer chromatography
(TLC), gas chromatography (GC), high-performance liquid chro-
matography (HPLC), and electrophoretic methods (ECs) have
been used for plant analysis individually as well in the variously
hyphenated modes. In recent years, however, combining chro-
matographic methods with spectroscopic detector has been the

method of choice for obtaining structural information on the
constituents present in herbal samples. Thus, the combination
of column liquid chromatography (LC) or gas chromatography
(GC) with a UV-VIS or a mass spectrometer (HPLC-DAD, CE-
DAD,GC-MS, and LC-MS, respectively) is a good approach for
the analysis of herbal products (Kamboj 2012). Different hy-
phenated techniques including LC-IR, LC-MS, LC-NMR, GC-
MS, HPLC–DAD, HPLC–MS, hyphenation of EC, and many
others can however be applied depending on the goal of the
research and accessibility to instruments. Overall, liquid chroma-
tography coupled with mass spectrometry (LC-MS) is a more
sensitive and selective analytical method to detect and identify
compounds (Marston 2007). Despite the increased interest in
alkylamides as pharmaceuticals, limited analytical methods have
been reported in the literature for their quantification. A sensitive
and specific method was developed for the identification and
quantification of alkylamides in human plasma using HPLC-
electrospray ionization (ESI) ion trap MS and used to analyze
samples obtained after oral administration of Echinacea
angustifolia DC., Asteraceae, root extracts (Woelkart et al.
2005a). Another study reported the use of HPLC coupled to a
single quad MS with an atmospheric pressure chemical ioniza-
tion (APCI) source operating in positive ion selected ion moni-
toring (SIM) mode to detect alkylamides in plasma samples of
individuals given tablets manufactured from ethanolic liquid ex-
tracts of E. angustifolia and E. purpurea (Matthias et al. 2005).
Alkylamides from the liquid and tablet preparations obtained
from a mixture of E. purpurea root and E. angustifolia root were
analyzed using the samemethod with no significant difference in
results (Matthias et al. 2007). The pharmacokinetics and tissue
distribution of dodeca-2E,4E,8Z,10E/Z-tetraenoic acid
isobutylamides in rats after a single oral dose administrationwere
studied using liquid chromatography-tandem mass spectrometry
(HPLC-ESI quadrupole MS) (Woelkart et al. 2009). Another
HPLC-MS/MS method was developed and validated for the
detection and quantification of undeca-2-ene-8,10-diynoic acid
isobutylamide in human plasma (Goey et al. 2011) and used for
the analysis of dodeca-2E,4E,8Z,10E/Z-tetraenoic acid
isobutylamides (Goey et al. 2012). Quantification of spilanthol
and pellitorine across the skin, oral/gut mucosa, and the blood-
brain barrier was carried out using HPLC-UV and bio-analytical
UPLC-MSmethods (Veryser et al. 2014). A rapid, sensitive, and
accurate UHPLC–MS/MS method was developed for the deter-
mination of hydroxy-α-sanshool, hydroxy-β-sanshool, and
hydroxy-γ-sanshool isolated from Zanthoxylum bungeanum
Maxim., Rutaceae, in rat plasma (Rong et al. 2016). A compre-
hensive review of analytical methods used to study compounds,
including alkylamides in Echinacea species, has been reported
(Bruni et al. 2018). A recent method involving molecularly
imprinted polymer solid-phase extraction was developed to ex-
tract Zanthoxylum alkylamides from prickly ash (Li and Kan
2020). In this method, surface molecularly imprinted polymers
(SMIPs) were prepared using the molecular structural analogs of
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sanshool as a dummy template molecule and acylated silica as
the backbone and structurally characterized by Fourier-transform
infrared spectroscopy and scanning electron microscopy. SMIP
was thereafter used to prepare a molecularly imprinted solid-
phase extraction column (SPEC) for the extraction of
Zanthoxylum alkylamides followed by HPLC determination.
This combination produced alkylamides with improved purity
levels from 27.26 to 93.58%. Also, good linearity for
alkylamides’ standard solutions was obtained in the range of 1–
800 μg/ml, as well as low detection and quantification limits
indicating that the method can be useful in the rapid detection
and enrichment of alkylamides (Li and Kan 2020).

Extraction, Isolation, and Identification

Extraction generally refers to the process of separating a sub-
stance from amatrix. Different methods are available and used
for plant extraction. Plant extraction methods can either be
cold or hot depending on whether heat is applied and several
methods including maceration, infusion, decoction, Soxhlet,
counter-current, sonication, supercritical fluid extraction,
hydrodistillation, microwave-assisted extraction, and
ultrasound-assisted extraction have been used in natural prod-
uct research (Azwanida 2015, Ingle et al. 2017, Xi 2017).
Some extraction processes could be targeted towards specific
phytoconstituents such as phenolics (Oreopoulou et al. 2019;
Wang et al. 2020). Several methods and solvents including
hexane, chloroform, ethyl acetate, ethanol, and methanol have

been used for the extraction of alkylamides with chloroform
considered the best (Rios 2012).

Natural product extracts are usually multi-components, con-
taining several variations of bioactive compounds of different
polarities. This situation makes the separation of these compo-
nents and, hence, their identification and structural characteriza-
tion a big challenge in natural product research. However, several
chromatographic- and non-chromatographic-based techniques
have been successfully applied in the separation of multi-
component natural products. Chromatographic methods include
thin-layer chromatography (TLC), column chromatography
(CC), flash chromatography (FC), size exclusion chromatogra-
phy (SEC), and HPLC among others while non-
chromatographic techniques such as crystallization, immunoas-
say, which use monoclonal antibodies (MAbs), electrophoresis,
and membrane separation have also been used. Pure compounds
obtained through appropriate separation methods are thereafter
subjected to spectroscopic (NMR, MS) analysis for structural
elucidation before additional biological testing.

Different methods have been used for the extraction and
purification of alkylamides. Hexane extract of the root of
E. purpurea separated on flash column chromatography using
silica gel followed by medium pressure liquid chromatogra-
phy (MPLC) and preparative HPLC on reversed-phase mate-
rial (RP-8) led to the isolation of nine alkylamides, including a
mixture of Z/E isomers (Bauer et al. 1988b). Structures of the
alkylamides (2–11) were confirmed by spectroscopy: UV, IR,
1H, and COSY NMR and MS.
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Silica gel chromatography of the petroleum ether extract of
aerial parts of Artemisia dracunculus L., Asteraceae, yielded
three alkylamides (Saadali et al. 2001). One known
alkylamide, pellitorine, and two novel ones, neopellitorine A
and neopellitorine B (12), were characterized using UV, IR,
MS, 1H, and 13C NMR.

Using column chromatography on silica gel (Merck 230–
400 mesh), two new alkylamides, N-[10-(13,14-
methylenedioxyphenyl)-7(E),9(Z)-pentadienoyl]-pyrrolidine
(13) and arboreumine (14) together with ten other known com-
pounds: N-[10-(13,14-methylenedioxyphenyl)-7(E)-
pentaenoyl] -pyrrol id ine (15 ) and N - [10-(13,14-
methylenedioxyphenyl)-7(E),9(E)-pentadienoyl]-pyrrolidine
(16) including six amides and two cinnamoyl derivatives, were
reported from the seeds and leaves of Piper tuberculatum Jacq.,
Piperaceae. Catalytic hydrogenation of 17 N-[10-(13,14-
methylenedioxyphenyl)-7(E)-pentaenoyl]-pyrrolidine yielded
the amide N-[10-(13,14-methylenedioxyphenyl)-pentanoyl]-
pyrrolidine (da Silva et al. 2002).

In another study, the root of E. angustifolia extracted
with supercritical CO2 and purified by semi-preparative
HPLC led to the isolation of twelve alkylamides identi-
fied by their chromatographic behavior, mass data on
LC-MS, and comparison with literature. These are
tetradeca-2E-ene-10,12-diynoic acid isobutylamide (17),
u n d e c a - 2E / Z , 4 Z / E - d i e n e - 8 , 1 0 - d i y n o i c a c i d
isobutylamides (2), undeca-2E/Z-ene-8,10-diynoic acid
isobutylamides, dodeca-2E,4Z-diene-8,10-diynoic acid
isobutylamide, dodeca-2E-ene-8,10-diynoic acid
isobutylamide (18), dodeca-2E,4Z-diene-8,10-diynoic ac-
id 2-methylbutylamide (11), dodeca-2E,4Z,10Z-triene-8-
ynoic acid isobutylamide (19), dodeca-2E,4E,8Z,10E/Z-
tetraenoic acid isobutylamides (7), pentadeca-2E,9Z-di-
ene-12,14-diynoic acid isobutylamide (20), dodeca-2E-
ene-8,10-diynoic acid 2-methylbutylamide, dodeca-
2E,4E,8Z-trienoic acid isobutylamide (6), and dodeca-
2E,4E-dienoic acid isobutylamide (Woelkart et al.
2005a).

Thirteen N-alkylamides (five N-isobutylamides, three N-
methyl isobutylamides, four tyramides, and one 2-
phenylethylamide) were identified using MS1 and MS2 frag-
mentation data from the ethanolic extract of Anacyclus
pyrethrum (L.) DC., Asteraceae (Boonen et al. 2012b).
These included novel ones not reported before in the plant
which were undeca-2E,4E-diene-8,10-diynoic acid
isobutylamide, undeca-2E,4E-diene-8,10-diynoic acid N-
methyl isobutylamide, tetradeca-2E,4E-diene-8,10-diynoic
acid tyramide, deca-2E ,4E-dienoic acid N-methyl
isobutylamide, tetradeca-2E,4E,XE/Z-trienoic acid tyramide,
and tetradeca-2E,4E,XE/Z,YE/Z-tetraenoic isobutylamide
(Boonen et al. 2012b).

Purification of the dichloromethane extract of Otanthus
maritimus (L.) Hoffmanns. & Link, Asteraceae, using silica
gel vacuum-liquid chromatography (VLC), column chroma-
tography (silica gel and Sephadex LH 20), and semi-
preparative NP (normal-phase) or RP (reversed-phase)
HPLC, yielded two new thienylheptatrienamides (21, 25)
and eight known amides among other compounds (Ruiu
et al. 2013). These were fully characterized based on the spec-
troscopic (1D, 2D, and MS) data as (2E,4E,6E)-N-isopentyl-
7 - (2- th ieny l ) -2 ,4 ,6-hep ta t r i enamide (21 ) , (2Z ) -
5-{[(2E,4E,6E)-7-(2-thienyl)-2,4,6-heptatrienoyl]-amino}-2-
pentenyl-3-methylbutanoate (25), (2E,4E,6E)-N-isobutyl-
7-(2-thienyl)-2,4,6-heptatrienamide (22), 1-[(2E,4E,6E)-7-(2-
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thienyl)-2,4,6-heptatrienoyl]piperidine (23), 1-[(2E,4E,6E)-
7-(2-thienyl)-2,4,6-heptatrienoyl]2,3-dehydropiperidine (24),
dodeca-2E,4E-dienoic acid isobutylamide, tetradeca-2E,4E-
dienoic acid isobutylamide, tetradeca-2E,4E,8Z-trienoic acid
isobutylamide, 1-[(2E,4E)-tetradecadienoyl]piperidine (26),
and 1-[(2E,4E,8Z)-tetradecatrienoyl]piperidine (27). The

70% EtOH/H2O extract of dried pericarp of Z. bungeanum
chromatographed on a 2.5 × 40 cm Sephadex LH-20 column,
eluted with CH2Cl2/MeOH (1:1, v/v) and purified by HPLC
led to the isolation of (2E,4E,8E,10E,12E)-N-isobutyl-
2,4,8,10,12-tetradecapentaenamide, (γ-sanshool) (28), a
promising lead antidiabetic alkylamide (Dossou et al. 2013).

N-alkylamide profiling of the ethanol extract of the roots of
A. pyrethrum was carried out using a gradient reversed-phase
HPLC/UV/electrospray ionization–ion trap mass spectrome-
try (MS) method on an embedded polar column. The
alkylamides were identified and quantified using MS1 and
MS2 fragmentation data and UV detection, respectively.
Thirteen alkylamides (five N-isobutylamides, three N-methyl
isobutylamides, four tyramides, and one 2-phenylethylamide)
were detected. These included undeca-2E,4E-diene-8,10-
diynoic acid 2-PEA, deca-2E,4E-dienoic acid 4-OH PEA,

tetradeca-2E,4E-diene-8,10-diynoic acid 4-OH PEA, deca-
2E,4E-dienoic acid IBA (pellitorine (12), tetradeca-2E,4E-di-
ene-8,10-diynoic acid IBA (anacycline) (29), dodeca-2E,4E-
dienoic acid 4-OH PEA (30), deca-2E,4E-dienoic acid N-Me
IBA (31), tetradeca-2E,4E-diene-8,10-diynoic acid N-Me
IBA (32), tetradeca-2E,4E, XE/Z-trienoic acid 4-OH PEA
(33), tetradeca-2E,4E, XE/Z, YE/Z-tetraenoic IBA, and
dodeca-2E,4E-dienoic acid IBA (IBA, isobutylamide; PEA,
phenylethylamide) (Sharma et al. 2013).
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One new alkylamide, octadeca-2E,4E,8E,10Z,14Z-
pentaene-12-ynoic acid isobutylamide, and three known ones:
octadeca-2E,4E,8E,10Z,14Z-pentaene-12-ynoic acid 2-
methylbutylamide, hexadeca-2E,4E,9Z-triene-12,14-diynoic
acid isobutylamide, and hexadeca-2E,4E,9,12-tetraenoic acid
2-methylbutylamide, were identified from Heliopsis

helianthoides var. scabra (Dunal) Fernald, Asteraceae. Also,
p r e v i o u s l y d e s c r i b e d m a c a m i d e s , N - ( 3 -
methoxybenzyl)-(9Z,12Z,15Z)-octadecatrienamide (34), N-
benzyl-9Z,12Z,15Z)-octadecatrienamide (35), and N-
benzyl-(9Z,12Z)-octadecadienamide (36), were isolated from
Lepidium meyenii Valp. (Maca) (Hajdu et al. 2014).

Three alkylamides, hydroxy-α-sanshool (37), hydroxy-β-
sanshool (38), and hydroxy-γ-sanshool (39), were isolated from
the powdered pericarp of Z. bungeanum through column chro-
matography and semi-preparative HPLC (Rong et al. 2016).
Hydroxy-α-sanshool (37), hydroxy-β-sanshool (38), and
hydroxy-γ-sanshool (39) were again purified from
Z. bungeanum oleoresin by HPLC with yields of 26.48, 39.83,
and 29.19%, respectively, in another study (Ren et al. 2017a).

Two new alkylamides, zanthoamides E (40) and F
(41), along with seven known ones (ZP-amide A (42),
ZP-amide B (43), ZP-amide C (44), ZP-amide D (45),
ZP-amide E (46 ) , t e t r ahydrobungeanool (47 ) ,
(2E,7E,9E)-N-(2-hydroxy-2-methylpropyl)-6,11-dioxo-
2,7,9-dodecatrienamide (48)) were isolated from the
pericarps of Z. bungeanum and structures determined
by analysis of spectroscopic data (IR, UV, HRESIMS,
1D, and 2D NMR) (Wang et al. 2017).

Abdubakiev et al. (2019) isolated sixteen known N-
alkylamides from the dried fruits of P. longum. These
included piperine (49), isopiperine, piperlonguminine
(50), α,β-dihydropiperine, dihydropiperlonguminine,
dehydropipernonaline (51), retrofractamide A (52),
pipercide, guineensine, pipernonaline, retrofractamide
C, trans-fagaramide (53), and cis-fagaramide (54).
Their structures were established based on spectroscopic
data and comparison to reported literature and five were
being reported in the plant for the first time.
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Other plants containing alkylamides include Capsicum
species containing highly pungent capsacinoids that induce a
hot or burning sensation with capsaicin and dihydrocapsaicin
cons t i t u t i ng app rox ima t e l y 90% (R io s 2012 ) .
m-Methoxybenzyl and N-benzyl amine and macamides have
been reported in the roots of L. meyenii (Valerio and Gonzales
2005). Piperovatine, a buccal local anesthesic isobutyl amide

along with piperlonguminine isopiperlonguminine,
corcovadine, and isocorcovadine were isolated from Piper
corcovadensis (Miq.) C. DC., Piperaceae (synonym of
Ottonia corcovadensis Miq.) (Costa and Mors 1981), and N-
isobutyl-6-(p-methoxyphenyl) 2E,4E-hexadieneamide from
Ottonia propinquaMiq., Piperaceae (probably a synonymous
of Piper baptisianum C.DC.) (Antunes et al. 2001).
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Alkylamides from Insects

Another natural source of alkylamides is the tobacco horn-
worm, Manduca sexta (Linnaeus, 1763) (Lait et al. 2003).
N-Linolenoyl-L-glutamine identified in oral secretions of the
insect was shown to induce defensive responses in plants by
producing volatile chemicals that can attract predators and
parasites (Lait et al. 2003).

Ethnomedicinal Uses
of Alkylamide-Containing Plants

Alkylamide-containing plants have been used in several tradi-
tional medical practices. Preparations fromEchinacea species,
an herb native to North America and Europe, are used in the
prevention and management of common cold and as
immunostimulant (Gertsch et al. 2004). It is also used to pre-
vent infections, colds, respiratory infections, and influenza
(Rios 2012). The root of O. maritimus, an aromatic herb be-
longing to Asteraceae, was shown to contain fatty acid amides
(Bohlmann et al. 1974). In ethnomedicine, O. maritimus is
used for the management of asthma, bronchitis, dysentery,
and inflammation of the urinary bladder (Ruiu et al. 2013).
H. helianthoides has been used by the North American
Indians in pain remedy (Hajdu et al. 2014). H. longipes is a
Mexican plant used as a flavoring in food preparation and in
traditional medicine as a condiment, buccal anesthetic, anal-
gesic in toothache, antiparasitic, anti-inflammatory, and anti-
ulcerative agent, and to prepare homemade insecticides.
Chewing of H. longipes stem produces intense salivation
and a local analgesic effect (Molina-Torres et al. 1996). The
roots of A. pyrethrum are used as sialagogue, insecticide, aph-
rodisiac, and local anesthesia and for treating paralysis, epi-
lepsy, rheumatism, and toothache (Boonen et al. 2012b).
P. longum is used as a spice and for the treatment of stomach
disease and analgesia in traditional Chinese medicine
(Abdubakiev et al. 2019). It is also used for treatment of gon-
orrhea, menstrual and chronic intestinal pain, tuberculosis,
sleeping problems, respiratory infections such as coughs,
bronchitis and asthma, malarial fever, diarrhea, jaundice, and
arthritis (Rios 2012). Spilanthes sp. is used in African and
Indian traditional medicine for the management of malaria
(Spelman et al. 2011). S. acmella is used in traditional medi-
cine to treat toothaches, stammering, and stomatitis (Rios
2012). Z. bungeanum, popularly called “toothache tree” and
widely distributed in China and Southeast Asian countries, is
used as a condiment and in traditional medicine as anesthetic
and analgesic for toothache and sore throats (Rong et al.
2016). The pericarps from the fruits of Z. bungeanum are used
in traditional medicine for the treatment of vomiting, tooth-
ache, stomachache, abdominal pain, and diarrhea (Wang et al.
2017). Acmella oleracea (L.) R.K. Jansen, Asteraceae, is used

in ethnomedicine to relieve toothache (Dallazen et al. 2018).
A. pyrethrum is used as an aphrodisiac in Indian ayurvedic
medicine for the treatment of male sexual dysfunction, includ-
ing infertility (Sharma et al. 2013). A. oleracea is used in the
north of Brazil as a female aphrodisiac (de Souza et al. 2020).
Phyllanthus fraternus is used for the treatment of malaria,
jaundice, and various liver diseases by traditional healers
and tribes in the northern region of India (Ghatapanadi et al.
2011; Sarkhel 2015). The fruits of Capsicum species are used
in food preparation, to tone body muscles after workouts, for
toothache and muscle pain (Rios 2012). The roots of
L. meyenii are used to enhance fertility and sexual behavior
in men and women and as a remedy for menopausal symp-
toms, regulation of hormone secretion, immunostimulation,
memory enhancer, antidepressant, anticancer, and to prevent
anemia (Valerio and Gonzales 2005). O. corcovadensis is
used to relieve toothache (McFerren et al. 2002).

Reported Pharmacological Effects of Alkylamides Several
pharmacological effects (Table 1; supplementary material) of
alkylamides from various plants have been reported in the
literature with some mode of action as well as the molecular
basis of the reported activity described (Fig. 1). The reported
pharmacological actions justify the use of alkylamide-
containing plants in ethnomedicine.

Antiviral Activity of Alkylamides Alkylamides in E. purpurea
at 12 μg/kg body weight/day significantly increased the
phagocytic activity and phagocytic index of the alveolar mac-
rophages in an in vivo experiment using Sprague-Dawley rats
(Goel et al. 2002).

Phagocytosis is important for the clearance of infections,
killing of pathogens, and activation of host defenses (Labbe
and Saleh 2008) while alveolar macrophages are the first line
of defense in the lungs against pathogens (Espinosa and
Rivera 2016). Phagocytosis by macrophages has been linked
directly to viral infections including the influenza virus
(Hashimoto et al. 2007). It also brings about antibody-
mediated removal of pulmonary-infected SARS coronavirus
through the activation of B cells by CD4+ T cells (Yasui et al.
2014). Thus, alkylamides may be considered useful in the
management of coronavirus infections.

The effects of alkamides on T lymphocytes, which are key
mediators of antiviral immunity, have also been reported. Two
alkylamides obtained from Echinacea sp. were tested for their
inhibitory effect on IL-2 production. Dodeca-2E,4E,8Z,10Z-
tetraenoic acid isobutylamide and dodeca-2E,4E-dienoic acid
isobutylamide at a dose range of 0.6 to 25 μg/ml significantly
reduced production of IL-2 by activated Jurkat T cells
(Sasagawa et al. 2006).

In a separate study, four alkylamides were investigated for
their inhibitory effect on the production of cytokines,
chemokines, and PGE2 from RAW 264.7 macrophage-like
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cells infected with the H1N1 influenza A strain PR/8/34. The
alkylamides, undeca-2Z,4E-diene-8,10-diynoic acid
isobutylamide, dodeca-2E,4E,8Z,10E/Z-tetraenoic acid
isobutylamide, dodeca-2E,4E-dienoic acid isobutylamide,
and undeca-2E-ene-8,10-diynoic acid isobutylamide, had a
suppressive effect on the production of TNF-α and PGE2 with
dodeca-2E,4E-dienoic acid isobutylamide being most effec-
tive. It also strongly inhibited production of G-CSF,
CCL2/MCP-1, CCL3/MIP-1α, and CCL5/RANTES. This
suggests the potential of alkylamides in alleviating symptoms
of infections with influenza A (Cech et al. 2012). A compre-
hensive review of the antiviral potential of Echinacea sp. is
available (Hudson and Vimalanathan 2011) and evidence
supporting its antiviral effect through innate immunity-
boosting by JAK1 responsive gene expression and epigenetic
regulation of HERVs in monocytes has recently been reported
(Declerck et al. 2020).

Antifungal and Antibacterial Activity
of Alkylamides

Affinin and capsaicin isolated from H. longipes roots and
Capsicum sp. fruits respectively have been previously reported
as an antimicrobial against Escherichia coli, Pseudomonas
solanacearum, Bacillus subtilis, and Saccharomyces cerevisiae
(Molina-Torres et al. 1999). The fungistatic and bacteriostatic
activities of affinin, isolated from H. longipes roots, were also
reported, along with two other alkamides (N-isobutyl-2E-
decenamide and N-isobutyl-decanamide) obtained by catalytic
reduction of affinin. The fungal test species used in the study
were Rhizoctonia solani groups AG3 and AG5, Sclerotium
rolfsii, S. cepivorum, Fusarium sp., Verticillium sp.,

phytopathogenic fungi; Phytophthora infestans, a phytopatho-
genic chromista; and Saccharomyces cerevisiae, a
nonphytopathogenic ascomycete, while the bacteria were
Escherichia coli, Erwinia carotovora, and Bacillus subtilis.
Affinin completely inhibited (100%) S. rolfsii, S. cepivorum,
P. infestans, and R. solani AG-3 and AG-5 and S. cerevisiae
while none of the alkamides obtained by catalytic reduction of
affinin showed activity against the fungi. Affinin also inhibited
the growth of E. coli and B. subtilis, but not E. carotovora. N-
Isobutyl-2E-decenamide inhibited E. coli and E. carotovora
while N-isobutyl-decanamide inhibited the growth of
B. subtilis (Molina-Torres et al. 2004). Twelve alkylamides in-
cluding two new ones, N-[10-(13,14-methylenedioxyphenyl)-
7(E),9(Z)-pentadienoyl]-pyrrolidine and arboreumine from the
leaves of Piper auritum Kunth, Piperaceae, all showed antifun-
gal activity against Cladosporium sphaerospermum and
C. cladosporioides (da Silva et al. 2002). Other antifungal am-
ides include N-[7-(3′,4′-methylenedioxyphenyl)-2(Z),4(Z)-
heptadienoyl]pyrrolidine, (3Z,5Z)-N-isobutyl-8-(3′,4′-
methylenedioxyphenyl)-heptadienamide (55) isolated from
leaves of Piper hispidum Sw., Piperaceae (Alécio et al. 1998)
and 8(Z)-N-(12,13,14-trimethoxycinnamoyl)-Δ3-pyridin-2-one,
N-[3-(6′-methoxy-3′,4′-methylenedioxyphenyl)-2(Z)-
propenoyl]pyrrolidine (56), piperamine, N-(12,13,14-
trimethoxydihydrocinnamoyl)-Δ3-pyridin-2-one, piplartine, pip-
erine (49),Δα,β-dihydropiperine, 5,6-dihydropiperlonguminine,
and pellitorine from P. tuberculatum (Navickiene et al. 2000).

These reported antifungal and antibacterial activities exhib-
ited by alkylamides corroborate the traditional uses of plants
containing these compounds against bacterial infections such
as dysentery, upper respiratory infections, eye infections pul-
monary infection, wounds, and cough (Rios 2012; Ruiu et al.
2013).

Fig. 1 Some mechanisms of action of alkylamides and their corresponding pharmacological effects
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N-Alkylamides as Immunomodulators

Alkylamides have been reported as potent immunomodula-
tors. The analysis of the constituents of the standardized tinc-
ture ofEchinacea plant, Echinaforce™, revealed that the main
constituents were alkylamides (Gertsch et al. 2004). This tinc-
ture promoted syntheses of tumor necrosis factor-α (TNF-α)
mRNA in primary human monocytes/macrophages and
inhibited LPS-stimulated TNF-α protein in the early phase
while prolonging it in the late phase. The increased production
of TNF-α mRNA was found to be mediated through CB2
receptors, increased cAMP, p38/MAPK, and JNK signaling,
as well as NFκB andATF2/CREB1 activation, thus proposing
alkylamides as potential ligands for CB2 receptors. The
alkylamides identified in the tincture were dodeca-
2E,4E,8Z,10E/Z-tetraenoic acid isobutylamides (7), trienoic,
and dienoic acid (Gertsch et al. 2004). In a related study,
Woelkart et al. (2006) reported that alkylamides exhibited
selective affinity to CB2 receptors and can, therefore, be con-
sidered CB ligands. The study also suggested that CB2 inter-
actions may be the molecular mode of action of Echinacea
alkylamides as immunomodulators. Other researches corrob-
orating the immunomodulatory effect of alkylamides are
available in the scientific literature (Raduner et al. 2006;
Ruiu et al. 2013; Dossou et al. 2013; Bauer et al. 1988a).

Preparations that contain alkylamides, such as those from
Echinacea sp., have been used as immunostimulant (Gertsch
et al. 2004). In particular, the promotion of TNF-α mRNA
synthesis in primary human monocytes/macrophages and in-
hibition of LPS stimulated TNF-α protein demonstrated by
alkylamides could make this class of compound promising
as immunomodulators in COVID and similar infections. In
COVID-19 patients, high levels of (TNF)-α has been shown
especially in patients requiring intensive-care-unit hospitaliza-
tion (Perricone et al. 2020). Similarly, activation of CB2 is

also associated with intracellular pathways that tone down
immune responses, thus making CB2 agonists like
alkylamides good therapeutic agents in autoimmune diseases
by suppression of antibody production through T cell mecha-
nisms (Sexton 2020).

Alkylamides as Antidiabetic

Compounds with dual activities as CB1 receptor inhibitor and
CB2 activator have been proposed to have some usefulness in
type 1 diabetes (Dossou et al. 2013). (2E,4E,8E,10E,12E)-N-
Isobutyl-2,4,8,10,12-tetradecapentaenamide (γ-sanshool)
was identified from Z. bungeanum as antagonists of the CB1
receptor that displayed simultaneously agonistic activity
against the CB2 receptor (Dossou et al. 2013). This
alkylamide is thought to hold promise in the management of
diabetes. The hypoglycemic effect of ten Zanthoxylum
alkylamides and their mechanism of action in streptozotocin
(STZ)-induced diabetic rats have also been reported (You
et al. 2015). The alkylamides dose-dependently increased
the relative weights of the liver and kidney as well as signif-
icantly decreased fasting blood glucose and fructosamine
levels. Increased body weight and improved oral glucose tol-
erance were also observed in rats following treatment with
alkylamides. Overall, alkylamides prevented STZ-induced
hyperglycemia by altering the expression levels of the genes
related to glucose metabolism and by ameliorating pancreatic
dysfunction (You et al. 2015). Another report on alkylamides
from Z. bungeanum evaluated their effects on protein metab-
olism and their potential mechanism in STZ-induced diabetic
rats (Ren et al. 2017a). Diabetic rats were treated orally with 2,
4, and 8 mg/kg body weight of alkylamides (hydroxy-α-
sanshool, hydroxy-β-sanshool, and hydroxy-γ-sanshool) dai-
ly for 28 days. The alkylamides decreased the relative weight
of the liver and food intake and significantly decreased the
blood urea nitrogen levels while significantly increasing the
relative skeletal muscle weight. Insulin, insulin-like growth
factor 1, total protein (TP), albumin (ALB), globular proteins,
and ALB proteins/globulin protein levels in serum were also
significantly increased. Real-time quantitative polymerase
chain reaction results revealed that the alkylamides also sig-
nificantly increased the mRNA expression levels of insulin
receptor (InR), IGF1, and insulin-like growth factor 1 receptor
(IGF1R) in the liver and skeletal muscle. There was also an
increase in the expression levels of mRNAs and proteins of
PI3K, PKB, and mTOR while those of atrogin-1, muscle ring
finger 1, and FOXO in the skeletal muscle significantly de-
creased (Ren et al. 2017a). These studies also reported that the
same alkylamides at the same doses could reduce blood glu-
cose by activating the adenosine monophosphate-activated
protein kinase (AMPK) pathway (Ren et al. 2017b). The com-
bination of CB1 receptor antagonism and CB2 receptor
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agonism of alkylamides, together with their hypoglycemic
activity in STZ-induced diabetic rats through amelioration of
pancreatic dysfunction as well as stimulation of insulin,
insulin-like growth factor 1, justifies the use of alkylamide
containing plants like Zanthoxylum schinifolium Siebold &
Zucc., Rutaceae, as antidiabetic.

Alkylamides as Anti-inflammatory Agent

Various studies have shown that alkylamides display anti-
inflammatory activity. Echinacea alkylamides showed anti-
inflammatory activity by reduction in nitric oxide, TNF-α,
interleukin (IL)-8, IL-2, and cyclooxygenase (COX)-depen-
dent prostaglandin E2 formation. In in vivo experiments in
rats, these alkylamides were reported to significantly increase
phagocytic activity and index of alveolar macrophages at a
dose of 12 μg/kg body weight/day with the alveolar macro-
phages from the study also producing higher TNF-α and nitric
oxide after in vitro stimulation with LPS (Goel et al. 2002).
Dodeca-2Z,4E,10Z-trien-8-ynoic acid isobutylamide and
dodeca-2Z,4E-diene-8,10-diynoic acid isobutylamide from
Echinacea species inhibited LPS-mediated activation of the
murine macrophage line RAW264.7 and reduction in NO
production suggesting their anti-inflammatory activity (Chen
et al. 2005). This finding was also supported by the work of
Stevenson et al. (2005). The mixture of undeca-2E-ene-8,10-
diynoic acid isobutylamide and dodeca-2E,4E,8Z,10Z-
tetraenoic acid isobutylamide inhibited TNF-α production un-
der LPS-stimulated conditions in the mouse macrophage cell
line RAW 264 as well as NO production at a concentration of
2.0 μg/ml (Stevenson et al. 2005). Alkylamides have also
been reported to inhibit both COX-1 and of COX-2 to a dif-
ferent extent with COX-1 inhibition highest for undeca-
2Z,4E-diene-8,10-diynoic acid isobutylamide, dodeca-
2E,4Z-diene-8,10-diynoic acid 2-methylbutylamide, and
undeca-2E,4Z-diene-8,10-diynoic acid 2-methylbutylamide
at concentrations of 100 μg/ml, while undeca-2Z,4E-diene-
8,10-diynoic acid isobutylamide had the highest COX-2 inhi-
bition (Müller-Jakic et al. 1994; Clifford et al. 2002). The anti-
inflammatory assessment of alkylamides from H. longipes
evaluated in arachidonic acid (AA)– and phorbol myristate
acetate (PMA)–induced mouse ear edema showed that affinin
and isobutyl-decanamide had a good anti-inflammatory effect
with ED50 = 0.8, 1.2, and 0.9 mg/ear, respectively, in the AA
model as well as a dose-dependent anti-inflammatory effect
with the extract, affinin, and isobutyl-decanamide having
ED50 of 2.0, 1.3, and 1.1 mg/ear, respectively, in the PMA
model (Hernández et al. 2009). Other anti-inflammatory-
related reports include antiseptic effects of pellitorine in
HMGB1-induced inflammatory responses (Ku et al. 2014)
and its vascular barrier protective effects in LPS-induced in-
flammation (Lee et al. 2014). Inflammatory reactions through

several mechanisms are implicated in several disease condi-
tions such as infections (VanDyke and vanWinkelhoff 2013),
cardiovascular disease (Schenkein and Loos 2013), obesity
(Gregor and Hotamisligil 2011), depression (Raedler 2011),
and infertility (Vannuccini et al. 2016). Thus anti-
inflammatory agents such as alkylamides can be safely as-
sumed to have wide therapeutic applications.

Analgesic Activity of Alkylamides

Affinin (spilanthol), showed analgesic activity through the
release of gamma-aminobutyric acid (GABA) in mice brain
slices 0.5 min after administration at 1 × 10−4 M concentration
(Rios et al. 2007). The analgesic properties of hydroxyl-α-
sanshool, from Zanthoxylum, were assessed in mice. It was
o b s e r v e d t h a t t h i s a l k y l am i d e i n h i b i t e d A δ
mechanonociceptors that mediate both sharp acute pain and
inflammatory pain; inhibited action potential firing by
blocking voltage-gated sodium currents in a subset of somato-
sensory neurons, which express a unique combination of
voltage-gated sodium channels; and strongly inhibited heter-
ologously expressed Nav1.7 compared with other sodium
channels expressed in sensory neurons (Tsunozaki et al.
2013). GABA supplementation has been found useful in the
treatment of central pain (Goldberg 2010). Plants containing
alkylamides are used as pain remedies (Hajdu et al. 2014) in
such conditions as rheumatism and toothache (Boonen et al.
2012b). Findings on analgesic effect generally support the
traditional use of these plants in pain management.

Antinociceptive Effects of Alkylamides

The antinociceptive effect of affinin (spilanthol) was studied
in mice using the writhing and capsaicin tests (Déciga-
Campos et al. 2010). Intraperitoneal administration of affinin
gave a dose-dependent antinociceptive response that was
blocked by naltrexone (1 mg/kg, s.c.), p-chlorophenylalanine
(80 mg/kg, i.p.), and flumazenil (5 mg/kg, s.c.), thus suggest-
ing that the antinociceptive effect could be due to activation of
opiodergic, serotoninergic, and GABAergic systems. Also,
the NO-K+ channel pathway was thought to be involved in
its mechanism of action since pretreatment with
1H-[1,2,4]oxadiazolo[1,2-a]quinoxalin-1-one (1mg/kg, s.c.)
and gl ibenclamide (10 mg/kg, s . c . ) reduced the
antinociceptive effects of affinin (Déciga-Campos et al.
2010). Other studies showing the mechanisms associated with
the antinociceptive and pro-nociceptive effects of alkylamides
as evaluated in chemical and sensorial tests revealed that they
promoted analgesia in neurogenic and inflammatory phases of
formalin test against glutamate-induced nociception (Dallazen
et al. 2018).
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Antioxidant Effect of Alkylamides

The antioxidant activity of alkylamide fraction of Echinacea
species was investigated along with other fractions of the plant
by measuring their inhibition of in vitro Cu(II)-catalyzed ox-
idation of human low-density lipoprotein (LDL). Synergistic
antioxidant effects were observed when other components
were combined with a natural mixture of alkylamides
(Dalby-Brown et al. 2005). Alkylamides from black pepper
(Piper nigrum L., Piperaceae, at 25 μg/ml) inhibited lipid
peroxidation (LPO) by 45–85%, thus demonstrating the anti-
oxidant potential (Liu et al. 2010). Given that hydroxyl radical
and superoxide anion generation leading to lipid peroxidation
and oxidative stress is implicated in many chronic diseases,
the antioxidant potential of alkylamides could be seen as a
general mode of action for their use in managing various ail-
ments.

Antithrombotic Activities of Alkylamides

The anticoagulant activity of pellitorine was studied by mon-
itoring activated partial thromboplastin time (aPTT), pro-
thrombin time (PT), and the activities of cell-based thrombin
and activated factor X (FXa). Its effects on the expressions of
plasminogen activator inhibitor type 1 (PAI-1) and tissue-type
plasminogen activator (t-PA) were also tested in TNF-α-
activated human umbilical vein endothelial cells (HUVECs)
(Ku et al. 2013). The results showed that pellitorine prolonged
aPTT, PT, and inhibition of the activities of thrombin and FXa
and inhibited the production of thrombin and FXa in
HUVECs. It also inhibited thrombin-catalyzed fibrin poly-
merization and platelet aggregation, thus showing its antico-
agulant effects in mice. Additionally, pellitorine inhibited
TNF-α-induced production of PAI-1 and had a significant
reduction effect on PAI-1 to t-PA ratio.

Antimutagenic and Anticancer Activity
of Alkylamides

The antimutagenic activity of affinin was evaluated using
Ames assay at doses 12.5, 25, and 50 mg/plate added to sev-
eral mutagens with or without S9 metabolic activation in
Salmonella typhimurium (TA98, TA100, and TA102 strains)
(Arriaga-Alba et al. 2013). Affinin at 25 and 50 mg/plate
significantly reduced the production of frameshift mutations
by 2-aminoanthracene (2AA) as well as the oxidative DNA
damage caused by norfloxacin (NOR). Affinin also showed an
antioxidant effect that was able to reduce 2AA- and NOR-
induced mutations in S. typhimurium TA98 and TA102

(Arriaga-Alba et al. 2013). Pellitorine isolated from the roots
of P. nigrum has also been shown to possess cytotoxic activ-
ities against HL60 and MCT-7 cell lines (Ee et al. 2010). The
human cancer cell proliferation inhibitory activities of piper-
ine and alklyl amides in Capsicum sp. and P. nigrum against
stomach, breast, lung, and colon cancer cells were reportedly
dose-dependent with an IC50 range of 13–200 μg/ml (Liu
et al. 2010). The anticancer activity of spilanthol on HeLa,
K-562, MCF-7, and HaCaT cells was evaluated with the ef-
fects measured by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay, cell counting by flow
cytometry, cell cycle analysis, Annexin V-FITC/PI activation,
and nuclear DAPI staining. Spilanthol showed a pronounced
inhibitory effect on cell lines with a good selectivity index
(Willig et al. 2019). The reported cytotoxic effects on cancer
cell lines are in line with the ethnomedical uses of plants that
contain alkylamides as an anticancer agent (Valerio and
Gonzales 2005).

Antimalarial Activity of Alkylamides

Two alkylamides E, E-2,4-octadienamide and E,Z-2,4-
decadienamide isolated from P. fraternus, were reported to pos-
sess moderate antiplasmodial activity (Sittie et al. 1998).
Alkylamides, spilanthol, and undeca-2E-ene-8,10-diynoic acid
isobutylamide isolated from S. acmella were reported to have
antimalarial activity against Plasmodium falciparum strain PFB
and the chloroquine-resistant P. falciparum K1 strain (Spelman
et al. 2011). The alkylamides had IC50 values of 16.5 μg/ml and
41.4 μg/ml on P. falciparum strain PFB and IC50 values of
5.8 μg/ml and 16.3 μg/ml against the chloroquine-resistant
P. falciparum K1 strain, respectively. In the in vivo experiment,
low concentrations of spilanthol reduced parasitemia level by
59% in mice infected with P. yoelii yoelii 17XNL at 5 mg/kg
(Spelman et al. 2011). Althaus et al. (2014) also reported the
antimalarial activity of pellitorine against P. falciparum with an
IC50 value of 3.3 μg/ml. There are several reports of different
plants with alkylamides as constituents for the management of
malaria in various parts of the world. P. fraternus is used to treat
malaria and jaundice in the northern region of India (Ghatapanadi
et al. 2011; Sarkhel 2015), Spilanthes sp. is used in Africa
(Spelman et al. 2011), and P. longum is used in traditional
Chinese medicine (Abdubakiev et al. 2019). The effect of
alkylamides against P. falciparum provides the rationale for this
use.

Antitrypanosomal Activity of Alkylamides

The antiprotozoal activity of five alkylamides from the
flowering aerial parts of Achillea ptarmica L., Asteraceae
against Trypanosoma brucei rhodesiense was reported by
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Al thau s e t a l . ( 2014 ) . The a l ky l am ide 8 , 9 -Z -
dehydropellitorine was the most active against T. b.
rhodesiense with an IC50 of 2.0 μg/ml. This also corroborates
the use of alkylamides in protozoal infections.

Insecticidal Activity of Alkylamides

A pungent isobutylamide of an unsaturated C18 acid isolated
from the roots of Heliopsis scabra Dunal, Asteraceae (syno-
nym of Heliopsis helianthoides subsp. scabra (Dunal) T.R.
Fisher) and named “scabrin”was reported to be toxic to house
flies (Jacobson 1951). Before this report, N-isobutyl-2,6,8-
decatrienamide has been reported as insecticidal from a plant
later identified as H. longipes (McGovran et al. 1947).
Heliopsin, an unsaturated isobutylamide from the roots of
H. helianthoides var. scabra and closely related to scabrin,
was also reported to have toxicity against house flies
(Jacobson 1957). Pellitorine and neopellitorine A and B iso-
lated from A. dracunculus were reported to show insecticidal
activity against Sitophilus oryzae and Rhyzopertha dominica
at 200 μg/ml concentrations (Saadali et al. 2001). Clifford
et al. (2002) reported the mortality of Aedes aegypti against
100 and 10 μg/ml of some alkylamides including undeca-
2E,4Z-dien-8,10-diynoic acid isobutylamide, undeca-2Z,4E-
dien-8,10-diynoic acid isobutylamide, dodeca-2E,4Z-dien-
8,10-diynoic acid isobutylamide, undeca-2E,4Z-dien-8,10-
diynoic acid 2-methylbutylamide, dodeca-2E,4Z-dien-8,10-
diynoic acid 2-methylbutylamide, dodeca-2E,4E,8Z,10E-
tetraenoic acid isobutylamide, and dodeca-2E,4E,8Z,10Z-
tetraenoic acid isobutylamide. Three alkylamides: spilanthol,
(E)-N-isobutylundeca-2-en-8,10-diynamide, and (R,E)-N-(2-
methylbutyl)undeca-2-en-8,10-diynamide, from A. oleracea
were investigated against Tuta absoluta the main tomato pest

in Latin America as well as against the predator Solenopsis
saevissima and the pollinator Tetragonisca angustula. All the
alkylamides showed insecticidal activity, with spilanthol be-
ing the most active (LD50 0.13 μg/mg against T. absoluta)
(Moreno et al. 2012). The documented insecticidal properties
of alkylamides provide a scientific justification for the tradi-
tional use of plants likeH. longipes as homemade insecticides
(Molina-Torres et al. 1996).

Alkylamides as Anesthesia

Hydroxy-α-sanshool, hydroxy-β-sanshool, and hydroxy-γ-
sanshool isolated from Z. bungeanum were shown to have
anesthetic effect using the infiltrating anesthesia test (Rong
et al. 2016).H. longipes is one plant that contains alkylamides
which has been used as buccal anesthetic (Molina-Torres et al.
1996). The roots of A. pyrethrum are also used as local anes-
thesia (Boonen et al. 2012b).

Psychopharmacological Activity
of Alkylamides

The psychopharmacological activity of affinin was evaluated
in several models (Déciga-Campos et al. 2012). Affinin had
antinociceptive effects, modified anxiety behavior, and
prolonged the time of sodium pentobarbital-induced hypnosis.
It also decreased the time of clonic and tonic seizures in the
PTZ-induced seizure model suggesting its anxiolytic potential
(Déciga-Campos et al. 2012). This study validates the use of
such a plant as A. pyrethrum in the traditional management of
epilepsy (Boonen et al. 2012b).

Fig. 2 ADMET characteristics and interactions of alkylamides
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Alkylamides in Neurodegeneration

The nerve growth factor (NGF)–potentiating effect of nine
alkylamides (zanthoamide E (40), zanthoamide F (41), ZP-
amide A (42), ZP-amide B (43), ZP-amide C (44), ZP-amide
D (45), ZP-amide E (46), tetrahydrobungeanool (47), and
(2E,7E,9E)-N-(2-hydroxy-2-methylpropyl)-6,11-dioxo-2,7,9-
dodecatrienamide (48)) from Z. bungeanum were evaluated
using rat pheochromocytoma PC-12 cells as a model system
of neuronal differentiation. All the nine compounds gave an
increase in neurite-bearing cells with compound 47
(tetrahydrobungeanool) having the highest neurite
outgrowth-promoting activity while compounds 45, 46, and
48 showed moderate activities. The neurotrophic mimicking
activity of these alkylamides may be the basis for their use in
the management of neurodegenerative diseases such as
Alzheimer’s disease (Wang et al. 2017).

Alkylamides in Skin Disorders

Piperine (49), isopiperine, piperlonguminine (50),
retrofractamide A (52), and retrofractamide C from the dried
fruits of P. longum increased the melanin content and weakly
stimulated tyrosinase activity in a concentration-dependent
manner indicating their possible effectiveness in skin disor-
ders (Abdubakiev et al. 2019). The amount of melanin pig-
ment is directly related to the diagnosis and management of
pigmentary skin diseases (Lee et al. 2001). The skin protects
the body from the external environment and depends on me-
lanocytes for its photoprotective and thermoregulating job by
producing melanin. Melanocytes absorb ultraviolet rays and
can endure genotoxic stress (Lin and Fisher 2007). Tyrosinase
on the other hand is an enzyme involved in melanin biosyn-
thes i s whose ac t i va t ion i s use fu l in manag ing
hypopigmentation disorders (Hamid et al. 2012). Thus, the
reported alkylamides may find usefulness in managing skin
disorders.

Androgenic and Spermatogenic Activity
of Alkylamides

The androgenic and spermatogenic potential of the
alkylamide-rich ethanol extract ofA. pyrethrumwas evaluated
in male Wistar strain rats. The ethanol extract of A. pyrethrum
administered at doses of 50, 100, and 150 mg/kg for 28 days
produced a significant increase in body weight, sperm count,
motility, and viability along with serum testosterone, luteiniz-
ing hormone, and follicle-stimulating hormone concentrations
at all tested doses. Histology of the testis also showed an
increase in spermatogenic activities with a corresponding in-
crease in seminal fructose content after 28 days of treatment

(Sharma et al. 2013). Thirteen alkylamides including undeca-
2E,4E-diene-8,10-diynoic acid 2-PEA, deca-2E,4E-dienoic
acid 4-OH PEA, tetradeca-2E,4E-diene-8,10-diynoic acid 4-
OH PEA, deca-2E,4E-dienoic acid IBA (pellitorine),
tetradeca-2E,4E-diene-8,10-diynoic acid IBA (anacycline),
dodeca-2E,4E-dienoic acid 4-OH PEA, deca-2E,4E-dienoic
acid N-Me IBA, tetradeca-2E,4E-diene-8,10-diynoic acid N-
Me IBA, tetradeca-2E,4E, XE/Z-trienoic acid 4-OH PEA,
tetradeca-2E,4E, XE/Z, YE/Z-tetraenoic IBA, and dodeca-
2E,4E-dienoic acid IBA (IBA, isobutylamide; PEA,
phenylethylamide) were detected in the extract by using
HPLC/UV/electrospray ionization mass spectrometry
methods (Sharma et al. 2013). Plants containing alkylamides
have been used traditionally for fertility and related purposes.
These include L. meyenii used to enhance fertility and sexual
behavior and as a remedy for menopausal symptoms (Valerio
and Gonzales 2005), A. pyrethrum used as aphrodisiac in
Indian ayurvedic medicine (Sharma et al. 2013), and
A. oleracea used as a female aphrodisiac in Brazil (de Souza
et al. 2020).

Structure-Activity Relationship
of Alkylamides

Plant alkylamides have different carbon lengths, saturation
patterns, and double-bond configurations and these reflect
in the extent of their various pharmacological activities.
Antifungal activity of affinin was suggested to require con-
jugation with the instauration in either positions 6Z, 8E, or
both since conjugation of the carbonyl to the instauration
2E alone was found to be insufficient for its fungitoxic
action (Molina-Torres et al. 2004). The α,β,γ,δ-unsaturat-
ed conjugation of E,E-2,4-octadienamide and E,Z-2,4-
decadienamide isolated from P. fraternus is believed to
enhance their antiplasmodial activity (Sittie et al. 1998).
The structure-activity relationship (SAR) study of affinin-
derived natural and synthetic fatty acid amides with similar
chain lengths on root developmental responses of
Arabidopsis sp. seedlings showed that N-isobutyl-
decanamide, a C:10 saturated alkylamide, was the most
active compound in inhibiting primary root growth and
stimulating lateral root formation (Méndez-Bravo et al.
2 0 1 0 ) . W a n g e t a l . ( 2 0 1 7 ) r e p o r t e d t h a t
tetrahydrobungeanool, having a non-oxygenated unsaturat-
ed long fatty acid chain, had the highest neurite outgrowth-
promoting activity, thus suggesting that the non-
oxygenated unsaturated long carbon chain appears to play
an important role in the neurite outgrowth-promoting activ-
ity of the tested alkylamides. Further studies on the SAR of
alkylamides would provide more insight into their various
observed pharmacological activities.
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N-Alkylamides in Plant Immunity

Plants usually produce several intracellular and systemic re-
sponses to abiotic (non-pathogen-induced) and biotic
(pathogen-induced) stress. Salicylic acid (SA), jasmonic acid
(JA), and ethylene (ET) are three main phytohormones trig-
gered in plants in response to biotic stress (Méndez-Bravo
et al. 2011). Pathways that depend on phytohormones lead
to the expression of defense-related genes and the production
of antimicrobial secondary metabolites (Glazebrook 2001).
Alkylamides are one of such secondary metabolites produced
by some plants in response to stress and as a chemical defense
against plant competitors or microbial and herbivorous pred-
ators (Molina-Torres et al. 2004). Echinacea species accumu-
late unsaturated alkylamides in response to Jas (Romero et al.
2009). Affinin was also reported to have in vitro antimicrobial
activity against some plant microbial pathogens, including
bacteria and fungi (Molina-Torres et al. 2004).

Pharmacokinetics of Alkylamide-Containing
Products

Different products containing alkylamides are commercially avail-
able as food supplements, medicinal products, cosmetics, and
medical devices. E. angustifolia, E. pallida, and E. purpurea are
Echinacea species with reported alkylamide profiles that are used
in commercial preparations (Rios 2012). A compilation of widely
used alkylamide-containing products and their regulatory status
has been reported (Wynendaele et al. 2018). Also, a few studies
involving pharmacokinetic characteristics (Fig. 2) of alkylamide-
containing plants/products are available in the literature. In a study,
both the 2,4-diene and the 2-ene alkylamides penetrated Caco-2
monolayerswith permeability coefficient ranging from3× 10−6 to
3 × 10−4 cm s−1 and the saturated compounds aswell as thosewith
N-terminal methylation having lower permeability coefficients
(Matthias et al. 2004). Dodeca-2E,4E,8Z,10E/Z-tetraenoic acid
isobutylamides were also shown to be bioavailable in humans
after oral administration of ethanolic extract of E. purpurea
(Dietz et al. 2001) as well as transport across Caco-2 monolayers
in an in vitromodel for the intestinal epithelial barrier (Jager et al.
2002). Other studies on the bioavailability of dodeca-
2E,4E,8Z,10E/Z-tetraenoic acid isobutylamides are available
(Woelkart et al. 2005b; Matthias et al. 2005). The trend observed
was that the higher the unsaturation of the alkylamide, the higher
the absorbability (Spelman 2012).

The permeability kinetics of spilanthol and pellitorine
across the skin, oral/gut mucosa, and blood-brain barrier
showed that the alkylamides can penetrate the skin after top-
ical administration and that they may likely pass the endothe-
lial gut as they easily pass the Caco-2 cells in the monolayer
model. The study also revealed spilanthol crosses the oral
mucosa as well as the blood-brain barrier (Veryser et al.

2014). Transdermal and pharmacokinetic properties of
spilanthol and pellitorine have been studied (Veryser 2016).

Drug interaction studies that investigated the metabolism of
alkylamides by human liver microsomes in vitro reported a time-
and NADPH-dependent degradation of alkylamides in micro-
somal fractions suggesting that alkylamides are metabolized by
cytochrome P450 enzymes in human liver (Butterweck et al.
2004). In the study, 2-ene and 2,4-diene pure synthetic
alkylamides susceptibility to microsomal degradation differ.
Also, lower degradation was observed for dodeca-
2E,4E,8Z,10E/Z-tetraenoic acid isobutylamides mixture in an
ethanolic Echinacea species extract indicating the dependence
of liver P450 metabolism on both alkylamide chemistry
(Butterweck et al. 2004).

Alkylamides have been reportedly excreted in the
breastmilk of a mother (Perri et al. 2006). In a woman given
tablets of Echinacea each containing the equivalent of 675 mg
of E. purpurea root and 600 mg of E. angustifolia root made
from the dried ethanolic extracts, 13.1 mg of N-
isobutyldodeca-2E,4E,8Z,10E/Z-tetraenamide was reported
in the breast milk between 1 and 4 h after ingestion
(Matthias et al. 2008).

Alkylamides are also known to produce pharmacological ef-
fects through various mechanisms of action. These observations
include the tingling effect caused by the blockage of the two-pore
potassium channels foundwidespread in the bodywhich can also
be activated by some anesthetic drugs (Mathie and Veale 2007).
Thus, potential interaction is expected between an alkylamide-
containing product and an anesthetic drug acting on the two-pore
potassium channels if taken together. Also, alkylamides interact
with the endocannabinoid system (Antonella and Federica 2019)
as well as inhibit fatty acid amide hydrolase (FAAH) both of
which are linked to CNS activities.

From the pharmacokinetic properties and various reported
pharmacological activities of alkylamides, they appear to
show beneficial health effects but require adequate studies to
balance their activities with inherent risks.

Toxicity Studies of Alkylamides

Limited toxicity studies on alkylamides are currently available in
the literature. Piplartine isolated from Piper species was shown to
inducemutagenicity in eukaryoticmodels both in vivo and in vitro
(Bezerra et al. 2009). Acute toxicity study of affinin was carried
out in mice using oral administration of 0.2 ml/10 g body weight
at doses 1, 10, and 100 mg/kg. The LD50 value was calculated
with a geometrical median according to the Lorke method with
affinin having LD50 of 113.13 mg/kg and considered safer than
H. longipes extract where it was isolated (Déciga-Campos et al.
2012). Its toxicity was also assessed in zebrafish. Orally adminis-
tered spilanthol (3 mg/kg) was evaluated for its effects on repro-
ductive performance and embryonic development of zebrafish F1
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generation (de Souza et al. 2020). Spilanthol interrupted spawning
in the treated group and histopathological evaluation of the gonads
revealed a reduction in the percentage of mature cells in the sper-
matozoa and in females. Also, spilanthol caused embryo lethality
in parental groups treated with it as well as caused severe changes
in the gonads and on fertility (de Souza et al. 2020). More studies
evaluating the toxicity of the so many available alkylamides with
good pharmacological effects are required.

Concluding Remarks

Alkylamides are secondary metabolites found in several me-
dicinal plants belonging to different families. They have found
usefulness in different traditional medical practices across the
world. Several studies on the chemical compositions and phar-
macological activities of these plants have established the con-
tributions of alkylamides in pharmaceuticals, cosmetology,
and the food industry. Though alkylamides have relatively
simple structures, they have been the subject of several re-
search interests related to their diversity, distribution, and
chemical, and pharmacological effects. Various chromato-
graphic and spectroscopic approaches have been employed
in their detection, isolation, and characterization.
Alkylamide-containing plants as well as pure alkylamides
are known to have pungent and/or irritating taste, analgesic,
and anesthetic effects and as such are useful in treating dental,
muscular, and arthritic pains. They are also used to boost
immune response, relieve colds, respiratory infections, and
influenza. Associated pharmacological activities include im-
munomodulatory, anti-inflammatory, analgesic, anesthetic,
antiviral, and antifungal. This class of compounds, therefore,
holds good promise in different product developments and is
worthy of thorough investigations.
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