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Abstract

Depressive and anxiety disorders are two of the mestgbilitating mental health problems, affecting milliovaridwide.
Despite both conditions being manageable with medicationppften come with unwanted side effects. With risitigraion

to plant-based medications, flavonoids are one of the compeyadsas phytochemicals that have potential antidepressant
and anxiolytic properties. This review aims to summadtigeesults of studies exploring anthocyanin-containing prépasat

as antidepressants and anxiolytics in animal models
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Introduction

Mental health disorder is one of the most prevaieatth problems, affecting 1 of 8 people in 2019 [1]. Mental
health problems themselves encompass a range of diagmosst of which are characterized by abnormal
thoughts, feelings and emotions, behaviors, and relatigmglith people. [2]. Among these disorders, depressive
disorders are one of the most prevalent worldwide -higugffecting 279.6 million people worldwide in 2019,
causing a high health-related burden and ranked among the highsstof years lost due to disability. Another
major prevalent mental disorder that caused high healitted burdens and years lost to disability are anxiety
disorders. In 2019, an estimated 301.4 million people areedfdy it [3]

Even though both conditions are manageable with méaolicathey are often accompanied by many unwanted
side effects across all classes of pharmaceuticals yhermore, the efficacy of the medication is still disdu
for mild and sub-threshold depression [6]. Thus, researchplatd-derived flavonoids as antidepressants and
anxiolytics is an ongoing subject due to its perceivedHasmful side effects [7,8]

Anthocyanins are a group of pH-sensitive plant flavdribat is well-known due to their conspicuous colors
[9]. It has gained attention due to its many positive effectess multiple disease studies, both on animal models
[10,11] and human subjects, which also show a profound effese@entral nervous system [12,13]. This review
aimed to summarize the results of studies aiming tordete both the antidepressant and anxiolytic-like effects
of anthocyanin-containing preparations in animal moddis dpes of discovering new therapeutic options for
both depressive and anxiety disorders alike.
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Method

A literature search across Google Scholar, PubMed, aed&@tirect was carried out with the combination
of the following keywords and Boolean Operators: "(anthocy&iit anthocyanin-rich) AND (anxiety OR
anxiolytic) AND (rats OR mice OR animal model)" and "(anttesdg OR anthocyanin-rich) AND (depression
OR antidepressant) AND (rats OR mice OR animal model)"litérature search is limited to studies published
within 10 years range (2012-2022) and written in English. Thelsézaoarried out from the 22nd of July to the
20th of August.

Result and Discussion
Anthocyanin

Anthocyanins are water-soluble plant metabolites thamically belong to the polyphenol group. They
produce vibrant colors that are both pH-sensitive andilyetependent on the molecules attached to their main
skeleton structure. These side structures also detetriini biological activity [13].

The stability of anthocyanins depends on light, temperaplfeand side structuresthe last two that also
determine their color. They're red in acidic pH and gbitblue in higher pH, but under basic conditions they
easily degraded to brown oxidized compounds [14]

In plants, anthocyanins are derived from the amino a@dythlanine [15]. It plays a wide array of protection
roles, including antioxidant, a photoprotective agent, esmlrfadical scavengers [16]

Anthocyanins have varying bioavailability as it waavily influenced not only by their intrinsic
bioavailability but also by the subject's enzymatitivities and also gut flora composition, making itywar
across the population [17]

Antidepressant-Like Effect of Anthocyanin-Containing Preparations

In their 2015 study, Sacchet et al. observed that Plinia ifianac fruit aqueous extract in mice showed
comparable results at 800 mg/kg dosage to fluoxetine at 3Zyndgéage in reducing immobility time in tail
suspension test (TST) [18]. A similar result was achieved Ipsksa&t al., whose results showed that blueberry
extract at 300-400 mg/kg yielded results comparable to fluexdtihmg/kg treatment in the same test [19].
Another study utilizing forced swimming test (FST) in ralteows that Aronia melanocarpa berry juice and
imipramine both showed significantly reduced immobilizatiore, with a significant increase in swimming time
from Aronia melanocarpa-treated group and climbing time fimipramine [20]. Similar outcome also showed
by blueberry extract; when compared to diazepam, botheshawgignificant reduction in immobilization time in
FST for Wistar rats [21]

Aside from TST and FST, antidepressant-like properties aso shown in rats exposed to chronic
unpredictable mild stress (CUMS). In a study by Alamri [22], sempehtation with Crataegus aronia extract on
Wistar rats was able to ameliorate depressive episodepacable to fluoxetine based on the urinary
concentration of serotonin, norepinephrine, and doparAirsmilar effect was shown by purified anthocyanin
from purple cauliflower; a 2020 study shows that said pegjosr is comparable with fluoxetine in reducing
depressive-like behaviors in CUMS-exposed mice as indicatételysucrose-preference test (SPT), FST, and
elevated plus-maze test (EPM) results [23].

In animal disease models, anthocyanin also showed prgrasittomes. Anthocyanin-containing extracts
show positive anti-depressive effects in models of pioske depressed mice fed with maqui berry extract [24],
mice with metabolic syndrome induced by high-palatédgd treated with Vaccinium virgatum fruit extract [25],
scopolamine-induced learning and memory impaired rats thdGviewia asiatica berry juice [26] and mice with
neurochemical changes induced by lipopolysaccharides tredktedluweberry extract [27].
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Anxiolytics-Like Effect of Anthocyanin-containing Prepaioais

A study published in 2014 showed that anthocyanins purified gm@pe skin showed a significant anxiolytic
effect on rats as indicated by the time spent in the apemBEPM test [28]. This is supported by another study
using Aronia melanocarpa berry juice, as shown by their fiplehtest (OFT) and EPM results [20]. Similar
results were also shown in tests with blueberry exteastudy done by Fernandez-Demeneghi et al., showed an
increase of time spent in open arms of EMP test, ardaction of anxiety index was observed in Wistar rats
[21].

This result extends to animal disease models; a 2020 staded middle-aged rats with induced menopause
via ovariectomy fed with cafeteria diet and treatethwiomegranate extract also significantly spend more time
in the open-arm section of EPM test by percentage [28}théer study with scopolamine-induced learning and
memory impaired rats shows that the group fed Grewiaieaiberry juice shows similar results to the diazepam-
treated group in EPM and OFT tests [26].

However, a study published by Gdiva et al. did not show profound difference in result®Bf and EMP
tests between Vaccinium virgatum fruit extract-treated grouppared to the control group in mice with
metabolic syndrome [25]. Another experiment utilizing aogfanin-rich wheat on healthy rats even showed
higher anxietylike behavior in a study conducted in 2016. Jansdkova et al., speculated that the high level of
antioxidative activity from anthocyanin reduced availdbde radicals which disturb cell signaling, causing an
increase in anxiety-like behavior [30].

Conclusion

Preparations containing anthocyanin has shown to exddeprgssant-like effect on model animals in
multiple scenarios [18,19,20,21,22,23] and diseases [24,25,26,27]. Whilenajority of the test shows
anthocyanins also have anxiolytic properties [20,21, 26s88]e have shown no significant difference compared
to the control group [25] or even outright negative resalfsrim of higher anxiety-like behaviors [30].
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