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ABSTRACT

Maqui-berry is characterised by presenting a high concentration of (poly)phenols, accounting
anthocyanins (cyanidin and delphinidin) for over 85% of the total. These coloured flavonoids
have demonstrated potential neurological activity, but the evidence of their antinociceptive
properties is scarce. In order to cover this gap, different doses (suitable for human administra-
tion) of a maqui-berry powder (1.6% anthocyanin), using enteral and parenteral routes of admin-
istration, were compared at central and peripheral levels using a nociceptive pain model
(formalin test) in mice. Gastric damage analysis as possible adverse effects of analgesic and anti-
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inflammatory drugs was also explored. Dose-antinociceptive response was confirmed using both
routes of administration and in both neurogenic and inflammatory phases of the formalin test,
without gastric damage. In conclusion, these preliminary data provide evidence of pharmaco-

logical properties of maqui-berry to alleviate nociceptive pain.

Introduction

Pain has a protective function, but in many cases, it is
a major symptom of a disease (Ortega et al. 2002). In
the pharmaceutical armament, there are several effica-
cious analgesic drugs to treat pain, but adverse effects
are an obstacle that reduces this optional resource to
relieve it (Bacchi et al. 2012), and nowadays society
demands more natural treatments.

Aristotelia chilensis (Mol.) Stuntz (Elaeocarpaceae),
known commonly as maqui, is a native plant, from
southern Chile and part of neighbouring Argentina,
widely used in the native traditional herbal medicine.
The use of maqui, in folk medicine, was preliminary
demonstrated in a study regarding the analgesic and
anti-inflammatory properties of the plant leaves
(Munoz et al. 2011). Nowadays, the berries have
increased their uses and are broadly selected to
develop healthy or potential functional foods, because
of their biological attributions (high antioxidant cap-

acity, cardio-protection and inhibition of adipogenesis
and diabetes symptoms) (Yang and Kortesniemi 2015;
Foito et al. 2018). This activity is mainly due to the
(poly)phenolic fraction, specifically anthocyanin-based
compounds, that account for over 80% of total (poly)-
phenols (Gironés-Vilaplana et al. 2012; Girones-
Vilaplana et al. 2014). In addition to those health ben-
efits, it is worth to mention that Mapuche, the most
numerous indigenous nation in southern South
America living in Chile and Argentina, produces this
species as one of the most important used plants for
healing, nervous system disorders, pain and inflamma-
tion, among others (Molares and Ladio 2009;
Schmeda-Hirschmann et al. 2019). Even so, although
it has been described that the ingestion of this berry
produces central actions that improve memory and
decreases oxidative stress (Bribiesca-Cruz et al. 2019),
further studies are needed to fill the gap of knowledge
about the pharmacological properties on the central
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nervous system (CNS) of maqui. This neurological
activity is mainly related to its high anthocyanin con-
centration, as they are able to pass through blood-
brain barrier (BBB) in their intact form or as derived
metabolites (Henriques et al. 2020) and, e.g., modulate
the Nrf2 pathway to mitigate oxidative stress or neu-
rodegeneration (Ali et al. 2018) or enhance memory
(Andres-Lacueva et al. 2005; Ali et al. 2018). Also, its
properties against depressive disease, by promoting
normal mouse behaviour in both despair swimming
and tail suspension tests, have been described (Di
Lorenzo et al. 2019). Due to these health benefits,
when compared to other berries, the expansion and
growth of agricultural and business sectors, related to
this fruit, is promoting and reaching foreign markets
such as the USA, Asia and Europe (Vega-Galvez
et al. 2021).

On the other hand, natural medicine using fruits is
fundamental in the therapeutic since they constitute
an arsenal of biologically active substances with
pharmacological activity, but in most of the cases
without proved scientific evidence. In fact, functional
foods are recently one of the interesting options to
prevent diseases, but the scientific evidence of their
potential is still lacking. Our aim is to obtain preclin-
ical evidence of the pharmacological properties of
maqui-berry, as a natural source, to explore its cap-
acity for relief pain, in order to include this ingredient
in future food formulations, as a complement or alter-
native to common over-the-counter (OTC) medicines
good for many types of pain (as acetaminophen or
non-steroidal anti-inflammatory drugs a.k.a. NSAIDs).

Materials and methods

The maqui-berry powder was provided by Maqui New
Life S.A. (Santiago de Chile, Chile) and consisted of a
freeze-dried whole fruit soluble ground, rich in antho-
cyanins. These anthocyanins (over 85% of the total
phenolic compounds) represented 1.6% of powder
total weight, while the rest of the composition con-
sisted of dietary fibre (60.4%), carbohydrates (18.1%),
proteins (6.5%), fats (5%), minerals (1.4%), other
phenolic compounds (0.3%), vitamins (0.1%), ash
(2.5%) and moisture (4.1%).

Anthocyanins analysis

Cyanidin (Cy) and Delphinidin (Dp) 3-O-glucoside chlor-
ide were purchased from TransMIT (Geiben, Germany),
formic acid from Fisher Scientific (Loughborough, UK)
and methanol (LC-MS Chromasolv) from Honeywell/

Riedel-de-Haen (Seelze, Germany). All solutions were pre-
pared with ultrapure water from a Milli-Q Advantage A10
ultrapure water purification system (Merck Millipore,
Darmstadt, Germany).

The maqui powder (100mg) was diluted in a
methanol/Milli-Q water/formic acid (70:29:1, v/v)
solvent (10 mL) and centrifuged at 10,500 rpm, during
5min (Sigma 1-13, B. Braun Biotech International
Centrifuge, Osterode, Germany). The supernatants
were filtered through a 0.45um PVDF membrane
(Millex HV13, Millipore, Bedford, MA, USA).

The identification and quantification of anthocyanins
were performed by applying the high performance liquid
chromatography coupled with diode array detection
(HPLC-DAD) method previously reported (Gironés-
Vilaplana et al. 2012). Briefly, chromatographic analysis
of samples (10 puL) was carried out on a 5um Luna C18
100A (250 x 46 mm) column, using Security Guard
Cartridges PFD 4x3.0mm, supplied both by
Phenomenex (Torrance, CA, USA). Chromatographic
separation was achieved with 5% formic acid (solvent A)
and methanol (solvent B), upon the linear gradient start-
ing with 15%B, reaching 30%B at 20min, 40%B at
30 min, 60%B at 35 min, 90%B at 40 min, maintained for
5min (cleaning), back to initial conditions, and kept for
7min under those conditions (15%B), previous to next
injection, at a flow rate 0.9 mL/min. The equipment was
an Agilent Technologies 1220 Infinity Liquid
Chromatograph, equipped with a G1313 autoinjector and
a 1260 Diode Array Detector (Agilent Technologies,
Santa Clara, CA, USA). Chromatograms were recorded
and processed on an Agilent ChemStation for LC 3D
systems (Agilent Technologies, Santa Clara, CA, USA).
Anthocyanins were quantified as cyanidin 3-O-glucoside
(detected at 520nm) and expressed as mg per gram of
maqui powder.

Pharmacological study

Animals

Swiss Webster male mice (25-30g) were used in the
pharmacological evaluation. Animals were provided
by Instituto Nacional de Psiquiatria “Ramén de la
Fuente Muniz” (Mexico City, Mexico), they were kept
at a controlled temperature of (22+1°C) with light/
dark cycle of 12h and fed ad libitum with standard
water and food. Experiments were carried out follow-
ing the specifications issued by the Committee of
Ethics and Research with the approval number NC-
123280.0 and NC-17073.0 (CONBIOETICA-09-CEI-
010-20170316), as well as according to the Official
Mexican Norm for the care and handling animal



(NOM-062-Z00-1999) and the international rules of
care and use for laboratory animals.

Reagents and drugs

Tramadol (TR) was acquired from Griinenthal México
S.A. C.V. (Mexico City, Mexico). Indomethacin was
purchased from Sigma-Aldrich (St. Louis, MO, USA)
and formaldehyde at 37% solution from J].T. Baker
(Phillipsburg, USA). The maqui-berry powder was
used in fresh preparation. Pharmacological evaluation
was done using both parenteral (i.p.) and enteral
(p.o.) administration. All the treatments were injected
in a volume of 0.1 mL/10g body weight. Vehicle con-
sisted of distilled water.

Antinociceptive activity experimental design

Groups of at least 6 mice received the vehicle, refer-
ence drug (TR, a partial opioid agonist and mono-
amine modulator) or the A. chilensis powder diluted
in water, in a volume of 0.1 ml per 10 g body weight
(12.5, 25, 62.5, 125 and 250 mg/kg, i.p. and 250, 500
and 1000 mg/kg, p.o.). These doses were considered
taking into account our preliminary acute studies in
healthy volunteers (Agulld, Dominguez-Perles, et al.
2021; Agulld, Villano, et al. 2020), where the antho-
cyanin bioavailability was analysed after the intake of
330mL of a juice containing 3.3g of A. chilensis
(54.75mg of anthocyanins) (Salar et al. 2020). In
accordance with Nair and Jacob (2016), when extrapo-
lated to average weigh human of 70kg b.w., this
amount would be similar to 500 mg/kg, p.o. in mice,
as it would be equivalent to 2.84 g of maqui (47.02 mg
of anthocyanins). In order to find the most suitable
dose, double or half concentrations (250 and 1000 mg/
kg), were studied, for oral intake. In case of parenteral
administration, the starting dosage referred to the
lowest enteral active dosage studied (250 mg/kg, p.o.),
and successive dilutions, as parenteral route has better
bioavailability than enteral, requiring lower doses
(Thomson 2008). After 30 min of treatment, the noci-
ceptive agent (1% formalin intraplantar) was injected
to induce licking behaviour, as follows:

Formalin test. After a habituation of 30 min, animals
were administered with several doses of the maqui
solutions and the reference drug TR (30 mg/kg, i.p. or
50 mg/kg, p.o.). Thirty minutes later, a 20 pl injection
was done in the subplantar area of the right hind paw
with 1% formalin using a 30-gauge needle. Each
mouse was placed into a glass cylinder provided with
mirrors to enable a total panorama of the nociceptive
response. The time spent in licking the injected paw
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was taken as nociceptive behaviour. Two periods of
high nociceptive activity were considered: the first one
was shown immediately after injection, it was consid-
ered from 0 to 10 min counted as the time spent lick-
ing the first minute (0-1min), 5-6min and
10-11 min. This was taken as the early or neurogenic
phase. A second period was observed from 10 to
30min after 1% formalin injection counted for one
min in times 15-16 min, 20-21min, 25-26 min and
30-31 min denominated as the late or inflammatory
phase. Control animals received vehicle by the same
route and time of administration.

Data were obtained as temporal course curves of
the licking behaviour induced in mice. Then, a dos-
e-response plot was built with the area under the
curve (AUC) using the trapezoidal rule to determine
the significant antinociceptive dose of the maqui pow-
der tested using the enteral and parenteral route of
administration.

Gastric damage. Once the formalin test was con-
cluded, animals were euthanized to obtain their stom-
achs to gastric damage observation. Each stomach was
dissected, and they were filled with 10 mL of 10% for-
malin and fixed for 10 min. Then, each stomach was
opened by the greater curvature and washed to
remove residues. Finally, the stomachs were scanned
to observe possible gastric lesions and compared to
those produced by indomethacin (Whittle 1977).

Statistical data analysis

Data are expressed as the mean + standard error of the
mean (S.E.M.) of 6 repetitions. Temporal course
curves were analysed by two-way ANOVA followed
by Bonferroni’s post-hoc test. Dose-response data
were analysed by one-way ANOVA followed by
Dunnett’s post-hoc test. For this, it was used
GraphPad Prism software, version 8.0.2. (GraphPad
Software Inc., La Jolla, CA, USA). p <0.05 was con-
sidered statistically significant.

Results
Anthocyanin content of maqui-berry powder

The anthocyanins composition of the maqui powder
used in the study was characterised by the presence of
8 anthocyanins (total concentration: 16.59 mg/g maqui
powder), being the most abundant delphinidin (Dp)
derivates (=~ 83%), followed by cyanidin (Cy) ones:
Dp  3-O-glucoside > Dp 3-O-sambubioside-5-O-
glucoside > Dp 3,5-0O-di-glucoside > Dp 3-O-
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Figure 1. HPLC anthocyanin profile and quantification of A. chilensis powder recorded at 520 nm. Peaks are identified as shown in Table 1.

Table 1. Anthocyanins composition of maqui-berry powder.

Peak Compound Anthocyanins (mg/g Maqui)
1 Delphinidin 3-O-sambubioside-5-O-glucoside 4.01+0.01
2 Delphinidin 3,5-O-diglucoside 3.51+£0.02
3 Cyanidin 3,5-0-diglucoside + Cyanidin 3-O-sambubioside-5-O-glucoside 1.76 £0.01
4 Delphinidin 3-O-sambubioside 1.90+£0.02
5 Delphinidin 3-O-glucoside 4.29+0.04
6 Cyanidin 3-0-sambubioside 0.05+0.00
7 Cyanidin 3-0-glucoside 1.07 £0.00
Total 16.59 £ 0.04

sambubioside > co-eluting Cy 3-O-sambubioside-5-O-
glucoside and Cy 3,5-O-di-glucoside >Cy 3-O-
glucoside > Cy 3-O-sambubioside (Figure 1, Table 1).

Antinociceptive activity of maqui-berry

Temporal course curves of the antinociceptive effects
of maqui-berry, evaluated after parenteral administra-
tion at different doses (12.5, 25, 62.5, 125 and 250 mg/
kg, i.p.), allowed observing antinociceptive response in
the first minute of the test. All doses significantly
inhibited nociception at central stage reaching the
effect of the reference drug TR (30 mg/kg, i.p.) (Figure
2(A)). This significant inhibition was also observed in
the inflammatory stage, where maqui, at doses of 62.5,
125 and 250 mg/kg, inhibited in a total manner the
nociceptive behaviour in all the time period evaluated,
being better than the response induced by the refer-
ence drug (Figure 2(A)) (Treatment Fg3s = 11.37,
p<0.0001; Time Fsgs01270 = 7548, p<0.0001;
Interaction Fsgp10 = 2.484, p < 0.0001).

Integration of the nociceptive response as area
under the curve allowed observing that maqui powder
produced a dose-dependent and significant antinoci-
ceptive response in the neurogenic phase (Fg35 =
7.73, p <0.0001), reaching a maximal effect at dosage
of 125 mg/kg (Figure 2(B)). A dosage of 62.5mg/kg of
this powder induced an equivalent effect than the ref-
erence drug TR (30 mg/kg, i.p.) (Figure 2(B)).

In a similar manner, significant diminution in the time
spent licking in mice was observed in the inflammatory
phase (Fs35 = 5.29, p=0.0006) (Figure 2(C)). It began
from a dosage of 62.5mg/kg, which produced better
response than the reference drug, and remained when dose
was increased at 125 or 250 mg/kg, i.p. (Figure 2(C)).

In case of the enteral administration of the maqui
powder, the nociceptive response induced by the allo-
genic formalin remained inhibited in the first minute of
the neurogenic stage from a dosage of 500 mg/kg, p.o.
This response was intensified in the fifth minute after
formalin since a dosage of 250 mg/kg showed similar
effect than 500 or even 1000 mg/kg, p.o. (Figure 3(A)).
In a similar manner than the parenteral administration,
maqui (500 and 1000 mg/kg, p.o.) produced an almost
total inhibition in the nociception in all the period eval-
uated for the inflammatory stage (Figure 3(A))
(Treatment F,,4 = 16.55, p < 0.0001; Time F; 518763 =
61.84, p < 0.0001; Interaction F,4 144 = 5.14, p < 0.0001).

The antinociceptive effect using enteral administra-
tion was also significant and a dose-response manner
was observed in both the neurogenic (Figure 3(B))
(Fy4 = 38.15, p<0.0001) and inflammatory phases
(Figure 3(C)) (Fy24 = 7.17, p=0.0006) resembling the
effect of TR (50 mg/kg, p.o.).

Gastric damage

Gastric damage, as a possible adverse effect produced

by anti-inflammatory analgesic drugs, was not
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Figure 2. Temporal course curves (A) and dose-response (AUC) antinociceptive effects of A. chilensis powder (AC) and tramadol
(TRA, reference drug) after parenteral administration on the neurogenic (B) and inflammatory (C) phases of the 1% formalin intra-
plantar in mice compared to the vehicle. A two-way ANOVA followed by Bonferroni’s post-hoc test for temporal course curves and
a one-way ANOVA followed by Dunnett's post-hoc test for dose-response data. *p < 0.05, **p < 0.01 and ***p <0.001, n=6

repetitions.

observed at any dose or route of administration tested
of the A. chilensis powder in comparison to a slightly
but positive response in a reference drug like indo-
methacin (Figure 4).

Discussion

Maqui-berry is a source of several anthocyanidin con-
stituents, many of them derived from delphinidin
compound (~83% of total anthocyanins — 13.71 mg/
g). Moreover, previous studies have demonstrated that
these anthocyanins are bioavailable for humans
(Agulld, Dominguez-Perles, et al. 2021; Agulld,
Dominguez-Perles, Moreno, et al. 2020; Agulld,
Villano, et al. 2020), and they could be detected intact
in brain, among other tissues (Kalt et al. 2008). It has
also been reported that a stabilisation of delphinidin,
in a formulation for system administration, reversed
mechanical and thermal hyperalgesia, as well as local
inflammation, in part, because of its capacity to scav-
enge superoxide anion radicals with and inhibitory

concentration of 70+5uM (Sauer et al. 2020). In our
work, the complete maqui-berry powder demonstrated
antinociceptive activity by enteral and parenteral
administration in a chemical pain model reinforcing
the analgesic spectrum of this natural product.

In preclinical studies, antinociceptive effects of
some vegetables (Baenas et al. 2017) and fruits
(Gonzélez-Trujano et al. 2015) have been observed in
a similarly range of doses assayed using analgesic
drugs with anti-inflammatory activity (Gonzalez-
Trujano et al. 2007). Antinociceptive response
depends on the species and kind of painful stimulus,
but also on the sensitivity based in part on the meta-
bolic action. In this respect, humans might be 6-fold
more sensitive than rats and 12-fold more than mice.
Experimental data in animals are usually found in a
range of doses with a major magnitude in comparison
to humans in clinic. For this reason, allometric
approach considers the differences in body surface
area, which is associated with animal weight while
extrapolating the doses of therapeutic agents among



952 V. AGULLO ET AL.

Formalin test

(A) 40+
& Vehicle p.o.
30+ Zx TRA 50 mg/kg,p.o.
i < AC 250 mg/kg, p.o.

< AC 500 mg/kg, p.o.
9 AC 1000 mg/kg, p.o.

Licking time (sec)
2

Time (min)

(B) Neurogenic phase
200-
5 160
2
S S 1201
- e *k%
29 801
§< Kk *xk
~ 404 *kk
0_
A\ A\ O N}
\\(&b Q DR RN
«
Aristotelia chilensis
©) Inflammatory phase
250-
S 200+
§ ] 1504
29 1004 2 "
! $<
- 50_
30 e
o_
A\ N\ O\ O
4& ny) DR Y
«

Aristotelia chilensis

Treatment (mg/kg, p.o.)

Figure 3. Temporal course curves (A) and dose-response (AUC) antinociceptive effects of A. chilensis freeze-dried (AC) and tramadol
(TRA, reference drug) after enteral administration on the neurogenic (B) and inflammatory (C) phases of the 1% formalin intraplan-
tar in mice compared to the vehicle. A two-way ANOVA followed by Bonferroni’s post-hoc test for temporal course curves and a
one-way ANOVA followed by Dunnett’s post-hoc test for dose-response data. *p < 0.05, **p < 0.01 and ***p <0.001, n=6

repetitions.

Vehicle

A. chilensis (250 i.p.)

Tramadol (TRA, 30 mg/kg)

Indomethacin (30 mg/kg)

A. chilensis (1000 p.o.)

Figure 4. Representative photos of the gastric damage evaluation of dissected stomachs from mice receiving treatment of vehicle,
positive anti-inflammatory drug (indomethacin) and the highest dosage of A. chilensis using parenteral (250 mg/kg, i.p.) or. enteral
(1000 mg/kg, p.o.) route of administration and after the formalin test in mice.

the species. This approach assumes that there are
some unique characteristics on anatomical, physio-
logical and biochemical processes among species, and
the possible difference in  pharmacokinetics/

physiological time is accounted by allometric scaling
(Nair and Jacob 2016). Due to this, dosages of
62.5mg/kg, i.p. or 500 mg/kg, p.o., that presented the
best activity, would suggest doses of 5.06 mg/kg or



40.50 mg/kg, respectively, indicating an ingestion of
3.2 g of maqui, with a total anthocyanin concentration
of approx. 50mg for an average humans weight
(70kg) (Walpole et al. 2012).

The formalin test used in this study as acute and
tonic pain model induces nociception by injured tis-
sue generating moderate and continuous pain behav-
iour in two phases. The early phase seems to be
caused predominantly by C-fibre activation due to the
peripheral stimulus, while the late phase appears to be
dependent on the combination of an inflammatory
reaction in the peripheral tissue and functional
changes in the dorsal horn of the spinal cord (Tjelsen
et al. 1992). It is well known that centrally acting
drugs, like opioids, inhibit neurogenic and inflamma-
tory phases, while peripherally acting drugs, like
NSAIDs, inhibit only the inflammatory phase (Sani
et al. 2012). TR was used as positive analgesic drug in
this study since it is a well-known partial opioid agon-
ist, but also a monoamine modulator, that inhibits
nociception in both phases of formalin test
(Tlacomulco-Flores et al. 2020). Significant antinoci-
ceptive effect was produced in the presence of A. chi-
lensis in both phases of formalin test suggesting
actions at central and peripheral levels. These results
agree with a study of Muntingia calabura, a species
also from Elaeocarpaceae family, which demonstrated
both central and peripheral antinociceptive activity
associated with its antioxidant and anti-inflammatory
effects (Sani et al. 2012; Mahmood et al. 2014; Zakaria
et al. 2016). These results suggest that the high antho-
cyanin content in A. chilensis (Cespedes et al. 2017;
Céspedes-Acuna et al. 2018; Agulld, Villano, et al.
2020), like the abundant derived from delphinidin
compound, might influence the antinociceptive activ-
ity of this species. Delphinidin and cyanidin are dom-
inant anthocyanidins in some berries, which possess
potential antioxidant activity (Sauer et al. 2020) and
strongly inhibited mediators of inflammation and pain
like tumour necrosis factor alpha (TNF-a) induced by
cyclooxygenase 2 (COX-2) expression (Hwang
et al. 2009).

The antioxidant activity of berry polyphenols has
been related to their protective effects against cellular
oxidative stress and inflammation (Vega-Galvez et al.
2021). The formalin test damages the cells producing
radioactive oxygen species by macrophage action and
the phenolic compounds, mainly anthocyanins, pre-
sent in this berry might reduce the negative effect of
formalin due to the scavenging of oxygen-free radicals
and the inhibition of oxidative enzymes (Ortiz et al.
2020; Romero-Gonzilez et al. 2020). Due to this, it
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can be established that the maqui-berry anthocyanins
or their bioactive metabolites could cross the BBB
(Andres-Lacueva et al. 2005; Agull6, Villano, et al.
2020) and act as antinociceptive, without gastric dam-
age, after oral ingestion. Due to this, this preliminary
study enforces maqui-berry as promising healthy food,
at neurological level.

On the other hand, no gastric damage was noticed
in mice after administration and significant antinoci-
ceptive response. Data agree to previous studies,
where it has been demonstrated anti-ulcer activity of
anthocyanins (Alvarez-Suarez et al. 2011; Kim et al
2011) increasing the benefits of this species consume
in pain therapy against non-steroidal drugs, such as
indomethacin or aspirin, that induce this frequent and
common kind of tissue injury.

Conclusions

In conclusion, the results obtained from this study,
together with literature, give evidence of properties of
maqui-berry for pain therapy and suggest a small
ingestion of this berry could act as a potential natural
alternative or complement to the use of usual drugs
for the analgesic therapy. Moreover, future researches
focussed on the mechanisms of action could be help-
ful in order to confirm the peripheral and central
antinociceptive activities of maqui-berry. All this
together makes this berry a promising ingredient for
healthy beverages or other processed foods.
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