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Abstract
The current COVID-19 pandemic, characterized by a highly contagious severe acute respiratory syndrome, led us to look 
for medicinal plants as an alternative to obtain new drugs, especially those with immunomodulatory abilities, capable of 
acting against the pulmonary infection caused by coronavirus 2 (SARS-CoV-2). Despite medical advances with COVID-19 
drugs and vaccines, plant-based compounds could provide an array of suitable candidates to test against this virus, or at the 
very least, to alleviate some symptoms. Therefore, this review explores some plants widely used in Peru that show immu-
nomodulatory properties or, even more, contain phytoconstituents potentially useful to prevent or alleviate the COVID-19 
infection. More interestingly, the present review highlights relevant information from those plants to support the development 
of new drugs to boost the immune system. We used three criteria to choose nine vegetal species, and a descriptive search 
was then conducted from 1978 to 2021 on different databases, using keywords focused on the immune system that included 
information such as pharmacological properties, phytochemical, botanical, ethnobotanical uses, and some clinical trials. 
From these literature data, our results displayed considerable immunomodulation activity along with anti-inflammatory, 
antiviral, antioxidant, and antitumoral activities. Noticeably, these pharmacological activities are related with a wide variety 
of bioactive phytoconstituents (mixtures or isolated compounds) which may be beneficial in modulating the overt inflam-
matory response in severe COVID-19. Further scientific research on the pharmacological activities and clinical utilization 
of these potential plants are warranted.
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Introduction

Throughout human history, human beings have been sub-
ject to numerous infectious diseases, despite the exist-
ence of an immune defense system capable of fighting 
pathogenic agents, such as bacteria, viruses, fungi, and 
protozoa (Jantan et al. 2015; Babich et al. 2020). Since 
ancient times, human beings have learned to use natural 

resources (for example, plants), with the aim of alleviat-
ing symptoms or even curing the most varied ills (Hardy 
2021). A healthy immune system is capable of responding 
to or facing any infection, maintaining a stable physiologi-
cal internal environment (Jantan et al. 2015; Babich et al. 
2020). The defense system comprises a complex network 
integrated by cells, tissues, organs, proteins, and soluble 
mediators, and is capable of protecting against foreign 
entities or counteracting the invasion of harmful native 
cells. The factors that trigger immunity include previous 
infection (bacterial or viral), immunization, and various 
external stimuli, with the immune system being capable 
of distinguishing between the self (own proteins/cells) 
and the non-self (foreign molecules or microbes from the 
environment). Thus, once the foreign agent is identified, 
an immune response is triggered to eliminate or neutral-
ize it through a collective and coordinated response of 
specific cells and mediators (Jantan et al. 2015; Catanzaro 
et al. (2018). A brief classification is described in Fig. 1, 
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consisting of the innate immune system (non-specific 
immune system) and the adaptive immune system (specific 
or acquired immune system). Both systems work together 
in a coordinated manner (Jantan et al. 2015; Catanzaro 
et al. 2018).

Innate immunity comprises physical and biochemical bar-
riers alongside non-specific cells, such as phagocytic cells 
(monocytes, macrophages, and neutrophils), and granulo-
cytes (basophils and eosinophils). The latter, being the most 
abundant, are capable of engulfing and destroying all kinds 
of pathogens. Meanwhile, adaptive immunity has memory 
cells when the body acquires immunity. Some examples are 
the lymphocytic cells, such as T cells, B cells, T helper (Th) 
cells, dendritic cells, and natural killer cells, which help 
to maintain the immune homeostasis of the human body 
(Catanzaro et al. 2018). The term immunomodulation arises 
from these considerations. It means changes in the immune 
system’s response by the action of agents capable of acti-
vating or suppressing the immune system, maintaining the 
homeostasis of the organism (Di Sotto et al. 2020). In this 
sense, immunomodulators are molecules of synthetic or 
biological origin that help to regulate these effects on the 
immune system. They are able to modulate, suppress, and 
stimulate the pathophysiological processes within the body 
(Jantan et al. 2015). According to how they influence the 
efficiency of the immune system, they can be categorized 
as immunosuppressants, immunostimulants, and immuno-
adjuvants (Fig. 1) (Catanzaro et al. 2018; Behl et al. 2021).

Literature and documentation of traditional uses have 
shown that the consumption of plants may have a modula-
tory role on the immune system. For instance, one of the 
best known immunostimulant species is Echinacea purpurea 

(L.) Moench, Asteraceae, along with other species of the 
same family. This came through millenary knowledge of 
folk medicine practiced by North American ethnic groups 
(Di Sotto et al. 2020). On the other side of the continent, 
the ancestral knowledge of the native communities of South 
America contributed to the pharmacopoeia with the bark 
of the Cinchona tree (Cinchona officinalis L., Rubiaceae), 
whose quinine metabolite inspired the development of 
hydroxychloroquine. Another example is coca (Erythroxy-
lum coca Lam., Erythroxylaceae), whose metabolite cocaine 
led to the discovery of local anesthetics such as lidocaine 
(Lock et al. 2016). Few medicinal plants in Peru have been 
well-documented in phytochemical and pharmacological 
studies, while many others have only been the subject of 
ethnobotanical studies (Lock et al. 2016). Some of these 
plants have been commercialized globally and have a deep 
history of medicinal use in Peruvian communities. Unfor-
tunately, many others have been neglected, or even ignored, 
by modern medicine and scientific communities, despite 
being used in popular medicine. Only in the last two decades 
have some medicinal plants been listed in the “Formulario 
Nacional de Recursos Naturales y Afines” (National Form 
of Natural and Related Resources) of the Peruvian Social 
Security System (ESSALUD, Peru) with the resolution no. 
037-GCS-ESSALUD-2002, and later in another document 
called Floristic Catalog of Peruvian Medicinal Plants (2013) 
belonging to the National Institute of Health from Peru.

With this review, we aimed to highlight several herbal 
medicines from Peruvian communities as immunomodula-
tory agents in such a way that they can serve as a co-adjuvant 
treatment applied to integrative complementary medicine 
or to improve health-related quality of life. Similarly, this 

Fig. 1  Immunomodulatory 
effects on the innate and adapta-
tive immune system

238 Revista Brasileira de Farmacognosia (2023) 33:237–258



1 3

review highlights some medicinal plants widely used in 
Peru that can be explored for their therapeutic potential in 
the prevention or treatment of COVID-19, based on their 
immunomodulatory properties. With this aim, relevant infor-
mation has been briefly summarized from ethnobotanical, 
phytochemical, and pharmacological approaches focused on 
immunological properties, along with anti-inflammatory and 
antioxidant properties strongly related to immune system 
regulation. Furthermore, cytotoxicity and antiviral proper-
ties have been included for their relevant importance in this 
pandemic situation. Medicinal plants traditionally used in 
Peru could be an alternAgrodataperuative source of phy-
tomedicines to regulate the human immune system.

Search Strategy

Nine medicinal plants have been selected based on three 
criteria: (1) native plants with high demand in local and 
international markets. We included some plants from “The 
list of the category of medicinal plants and parfum-2015” 
on the agro-exportation website Agrodataperu (AGRO-
DATA 2015); (2) deep-rooted traditional use in Peruvian 
culture, being well-known and widely used in traditional 
Peruvian medicine and/or cuisine (Lock et al. 2016); (3) 
background of scientific evidence, taking into account the 
keywords within the scope.

From 86 plants in the category of medicinal plants and 
parfum exported in 2015, non-native species were excluded 
and then followed the steps 2 and 3 mentioned above, to 
reach nine plants. These plants are presented in alphabetic 
order as follows: Chenopodium quinoa Willd., Amaran-
thaceae (quinoa); Chuquiraga spinosa Less., Asteraceae 
(huamanpinta); Croton lechleri Müll. Arg., Euphorbiaceae 
(dragon’s blood); Lepidium meyenii Walp., Brassicaceae 
(maca); Mauritia flexuosa L.f., Arecaceae (aguaje); Mayte-
nus macrocarpa Briq., Celastraceae (chuchuhuasi); Pluke-
netia volubilis L., Euphorbiaceae (sacha inchi); Physalis 
peruviana L., Solanaceae (aguaymanto); Uncaria tomen-
tosa DC., Rubiaceae (cat’s claw). The bibliographic survey 
started in August 2020, covering a wide time period from 
1978 to 2021, utilizing databases such as PubMed, Embase, 
ScienceDirect, and Google Scholar, and using the following 
keywords: plant’s scientific or synonym names (according 
to The World Flora Online), plant’s popular name, immu-
nomodulators, immunomodulatory, immunomodulation, 
immunostimulation, immunoadjuvants, immunosuppres-
sors, immunosuppression, immune system, and/or immunity. 
Moreover, additional keywords were included to support this 
search, such as anti-inflammatory, antioxidant, cytotoxic-
ity, and antiviral, due to their strong relationship with the 
immune function. The inclusion criteria limited the search 
to full text from research and review articles in English, 

Portuguese, and Spanish languages. Conversely, literature 
that was in neither the English nor Portuguese nor Span-
ish language was excluded, and dissertations, theses, and 
articles without accessibility to the complete text were also 
excluded.

Discussion

Immunomodulation and SARS‑CoV‑2

Could plants with immunomodulation activity be useful in 
the treatment of SARS-CoV-2 infection?

SARS-CoV-2 belongs to the order Nidovirales, family 
Coronaviridae, and genus Betacoronavirus. This infectious 
entity is an enveloped virus of spherical shape (80–160 nm 
in length) with a single-stranded RNA genome (27–32 kb 
in length) in the nucleus. Its virion surface comprises 
mainly proteins such as a spike protein, envelope protein, 
small membrane protein, and nucleocapsid protein (Bhui-
yan et al. 2020; Pal et al. 2020). SARS-CoV-2 has reached 
all continents, affected more than 430 million people, and 
caused almost 6 million deaths worldwide (WHO 2020). 
The human–human transmission of this virus occurs through 
close contact by coughing, sneezing, and respiratory drop-
lets. It is classified as an asymptomatic infection (patients 
with high nasopharyngeal viral levels); a mild illness with 
characteristics such as fever, dry cough, shortness of breath, 
systemic fatigue, dyspnea, anosmia, ageusia, and reduction 
in oxygen saturation  <94%; a moderate illness with prostra-
tion, severe asthenia, fever  >38 °C, or persistent cough; a 
severe illness with lung lesion  >50%, respiratory rate  ≥30 
breaths/min, oxygen saturation  ≤92% at a rest state, and aer-
ial partial pressure of oxygen  (PaO2)/inspired oxygen frac-
tion  (FiO2)  ≥300; and a critical illness (Gandhi et al. 2020). 
Severely infected SARS-CoV-2 patients are associated with 
increased cytokine levels called a “cytokine storm,” such 
as interleukins IL-2, IL-4, IL-5, IL-6, and IL-10, tumor 
necrosis factor-α (TNF-α), ferritin, macrophage inflam-
matory protein-1a, and D-dimer, lymphopenia (CD4 + and 
CD8 + T cells), and decreased IFN-γ expression in CD4 + T 
cells, C-reactive protein, and erythrocyte sedimentation rate. 
This triggers a hyperinflammatory pathological state, which 
consequently leads to overwhelming systematic inflamma-
tion, exacerbating viral pathogenesis and causing sepsis, 
acute respiratory distress syndrome, and multi-organ dys-
function or failure (Bhuiyan et al. 2020; Dutta et al. 2020). 
With this in mind, there is the possibility of finding poten-
tial therapeutic targets against some of these symptoms in 
COVID-19 patients.

Palliative drugs and vaccines against COVID-19 have 
been developed (Babich et al. 2020; Barbosa and Nunes 
de Carvalho 2021). The UK National Health Service offers 
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treatments to people with coronavirus (COVID-19) who are 
at the highest risk of becoming seriously ill. The treatments 
available are as follows: (1) antiviral synthetic medicines, 
such as nirmatrelvir and ritonavir (Paxlovid or Bexovid), 
remdesivir (Veklury), and molnupiravir (Lagevrio); and (2) 
a neutralizing monoclonal antibody, sotrovimab (Veklury). 
However, the behavior of SARS-CoV-2 is not fully known, 
but mutations in new strains have caused new symptoms and 
unexpected effects. Herbal medicines may provide effective 
treatments to alleviate this serious health situation, either 
as a main therapy or as a secondary therapy combined with 
other medicines (Catanzaro et al. 2018; Babich et al. 2020). 
Nowadays, immunomodulators based on medicinal plants, 
such as Echinacea purpurea (L.) Moench, Asteraceae, or 
Curcuma longa L., Zingiberaceae, have become an alter-
native medicine for integrative therapies such as comple-
mentary medicine, probably because they are mostly con-
sidered to have fewer side effects based on popular beliefs 
(Di Sotto et al. 2020). A good alternative would therefore be 
to look for new plant species as a therapy against immune 
system dysfunctions, as their chemical components can act 
on the immune system, affecting the functions of immune 
cells directly (adaptive and innate immunity) or indirectly 
by modulating the function of non-immune cells, reducing 
inflammation, scavenging free radicals, and influencing the 
secretion of cytokines or modulating angiogenesis. We can-
not rule out the possibility of direct antimicrobial and anti-
viral action from these chemical compounds (Babich et al. 
2020; Behl et al. 2021).

Natural immunomodulators have a wide range of chemical 
structures and can act directly or indirectly in modulating the 
immune response. Plants have been demonstrated to be a rich 
source of immunomodulating agents such as alkaloids, terpe-
noids, polyphenols (e.g., phenolic acids and flavonoids), and 
sesquiterpene lactones. They also present immunomodulator 
agents originating from a plant’s primary metabolism, such 
as polysaccharides, glycoproteins and lectins, fatty acids, and 
other organic compounds (e.g., aldehydes, and primary/sec-
ondary alcohols) (Alhazmi et al. 2021; Barbosa and Nunes 
de Carvalho 2021; Behl et al. 2021).

Promising Plants

A total of 116 papers were included for the nine selected 
plants, summarizing botanical, ethnomedicinal, phytochemi-
cal, pharmacological, and clinical applications. Information 
on the immunomodulatory effects and their anti-inflamma-
tory, antioxidant, cytotoxic, and antiviral activities were 
extracted from the full-text articles included. These are pre-
sented descriptively in table 1S.

Chenopodium quinoa

Chenopodium quinoa Willd., Amaranthaceae (popular 
name: “quinoa”), is considered a pseudo-cereal and has been 
cultivated as a food for centuries by native communities 
from the Andean highland (Peru, Bolivia, Ecuador, Chile, 
Argentina, and Colombia). Quinoa seed has been consumed 
in a similar way to rice, in soup, in breakfast cereals, or 
ground into flour to produce other food alternatives. Inter-
estingly, fermented quinoa seeds are also used in alcoholic 
beverages for traditional ceremonies. Finally, quinoa leaves 
are eaten like spinach (Graf et al. 2015).

The plant usually reaches 1–2 m in height, branching with 
large panicles, and produces large to small flat grains, which 
are oval and usually pale-yellow in color, but can vary from 
pink to black, depending on the variety. Its main character-
istic, compared with other grains, is its ability to grow in the 
most adverse climatic conditions (great flexibility) such as 
extreme temperatures (~4 to 38 °C), frost, very low rainfall, 
nutrient-poor soils with pH ranging from 6 to 8.5, and high 
salinity (40 mS/cm) (mainly Peru and Bolivia) (Graf et al. 
2015); consequently, its cultivation has recently expanded to 
other countries, such as Canada, US, Australia, China, India, 
and England, among others (Pereira et al. 2019). Accord-
ing to the Food and Agriculture Organization (FAO 2022), 
quinoa is considered to be a promising plant for humanity.

Chemically, quinoa seeds contain carbohydrates 
(59–74%), constituted mainly by polysaccharides. Experi-
mental studies have extracted homo- and heteropolysaccha-
ride fractions (codified fractions such as CQP, QWP, QAP, 
and QPS1) with unit sugars such as D-mannose, D-xylose, 
rhamnose, maltose, arabinose, fructose, and glycose (Yao 
et al. 2014a; Graf et al. 2015; Hu et al. 2017; Fan et al. 
2019); proteins (10–18%) were constituted by globulins 
(37% constituted by chenopodin, a globulin 11S-type pro-
tein), albumins (35%, a 2S-type protein), and traces of prola-
mins (0.5–7.0%) (Verza et al. 2012; Zevallos et al. 2012; Yao 
et al. 2014b; Capraro et al. 2020); lipids (4–10%); miner-
als (3–4%); vitamins (E, B group, and C); and carotenoids 
(lutein, zeaxanthin, and neochrome) (Graf et al. 2015).

The molecular richness coming from primary metabo-
lism could be responsible for their pharmacological prop-
erties in the immune system. Nevertheless, the secondary 
metabolites identified in C. quinoa could also be responsible 
for its ascribed immunological properties. Quinoa triterpe-
noids-saponins with a tetracyclic or pentacyclic core are the 
most studied metabolites (Lin et al. 2019). El Hazzam et al. 
(2020) gathered information about quinoa seed saponins, 
highlighting oleanolic acid derivatives, such as hederagenin 
acid, spergulagenic acid, serjanic acid, phytolaccagenic acid, 
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gypsogenin acid, and 3β-hydroxy-27-oxo-olean-12-en-28-
oic acid. Other molecules, such as tocopherols, tocotrienols, 
steroids (e.g., ∆7-stigmastenol (51.3%), sitosterol (27.2%), 
and ∆7-avenasterol (8.7%)), polyphenols (e.g., benzoic acid 
derivatives such as gallic acid), cinnamic acid derivatives 
(predominantly ferulic acid and derivatives, as well as vanil-
lic acid), and flavonoids (mainly kaempferol and quercetin 
and derivatives, as well as acacetin, myricetin, and daidzein) 
were also the focus in experimental studies (Gómez-Cara-
vaca et al. 2011;  Navruz-Varli and Sanlier 2016; Lin et al. 
2019; El Hazzam et al. 2020).

The nutritional and pharmacological properties of qui-
noa have also been reported in research and review papers. 
Although numerous studies on vegetal species are focused on 
secondary metabolites, the primary metabolites of the quinoa 
seed reveal strongly pharmacological properties related to 
the immune system, anti-inflammatory, and inclusive, cyto-
toxic properties, which are the mainly target in the polysac-
charide and protein fractions of some research (Verza et al. 
2012; Zevallos et al. 2012; Yao et al. 2014a; Hu et al. 2017; 
Fan et al. 2019; Capraro et al. 2020). For instance, an early 
study by Zevallos et al. (2012) evaluated a protein fraction 
rich in prolamin on patients with celiac problems (an ex vitro 
method using an organ culture of a celiac duodenal biopsy 
sample) and showed not only its safety but also activation of 
the innate immune response, stimulating T cell lines and the 
secretion of some cytokines (IFN-γ and IL-15). Two years 
later, Yao et al. (2014a) observed an increasing production of 
IL-6, TNF-α, and nitric oxide (NO) in a dose-dependent man-
ner (max. concentration at 200 μg/ml) using water-extractable 
polysaccharide fractions from quinoa. Likewise, a new quinoa 
polysaccharide promoted the proliferation of RAW264.7 mac-
rophages, while suppressing NO production in a dose- and 
time-dependent manner (Hu et al. 2017). This study was cor-
roborated by Fan et al. (2019), wherein quinoa crude polysac-
charides (QPS1) successfully improved the levels of IFN-γ, 
IL-6, IFN-ɑ, IgM, and lysozymes in serum, enhancing the 
phagocytic function of mononuclear macrophages and reduc-
ing the allergic reaction in mice (Fan et al. 2019). Recently, 
Capraro et al. (2020) described the potential immunomodula-
tion capacity and anti-inflammatory effects of fractions rich in 
chenopodin, the major protein of quinoa seeds. Chenopodin 
may exert biological effects on intestinal cell models, activat-
ing the canonical nuclear factor kappa B (NF-ƘB) signaling 
pathway and decreasing IL-8 expression.

Facing these findings, molecules belonging to secondary 
metabolism were also studied and ascribed immunomodula-
tory and anti-inflammatory properties (Lin et al. 2019). In qui-
noa, for example, Verza et al. (2012) observed a significant 

enhancement of humoral and cellular immune responses to 
ovalbumin in mice, promoted by two quinoa saponin frac-
tions, a mixture of hederagenin (1), phytolaccagenic acid (2), 
serjanic acid (3), and oleanolic acid (4) glycosylated sapo-
nin derivatives. A decrease in the production of inflamma-
tory mediators such as NO, TNF-α, and IL-6 was observed in 
lipopolysaccharide-induced RAW264.7 cells using other frac-
tions of quinoa saponin at different concentrations (Yao et al. 
2014b). Moreover, Lozano et al. (2013) reported significant 
anti-inflammatory effects for extracts of saponin and its iso-
lated compounds, such as oleanolic acid, methyl oleanate (5), 
hederagenin, and phytolaccagenic acid, in ear and paw edema 
assays. This anti-inflammatory action could be complemented 
with phytosterols present in quinoa seeds, such as β-sitosterol 
(Lin et al. 2019). On the other hand, studies with polyphenols, 
e.g., ferulic acid (6), ferulic acid 4-O-glucoside (7), isoferulic 
acid (8), kaempferol (9), kaempferol 3-O-glucoside (10), and 
kaempferol 3,7-di-O-α-l-rhamnoside (11), are occasionally 
mentioned. The review article by Lin et al. (2019) highlighted 
some polyphenols in quinoa seeds and leaves that showed 
several pharmacological properties, including antioxidant and 
anti-inflammatory activity.
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Chuquiraga spinosa

Chuquiraga spinosa Less., Asteraceae (popular name: 
“huamanpinta”), is an Andean evergreen shrub whose 
growth is mostly restricted to areas with elevations 
of  ~2500–4000  m (Peru, Bolivia, and Argentina). Its 
branched stems are semi-woody at the base and herba-
ceous in the aerial parts. The shrub can reach up to 1.5 m 
in height and shows sessile small leaves with axial hooks, 
and inflorescence like a calix, with numerous flowers 
of yellow-orange color. Infusions and decoctions of the 
stems and leaves have been widely used in folk medicine 
by Andean communities, basically for inflammation and 
infection of the genitourinary regions, problems related to 
the reproductive system, and respiratory diseases (Sotelo-
Córdova 1998; Casado et al. 2011). Other plants, e.g., Bixa 
orellana L., Bixaceae, and Plantago major L., Plantagi-
naceae, are also reported to be added to C. spinosa infu-
sion preparations (Perez-Chauca et al. 2020).

Despite its presence in national and international mar-
kets, and in addition to being included in the list of medici-
nal plants of the Formulario Nacional de Recursos Natu-
rales y Afines (ESSALUD, Lima, Peru), phytochemical 
and pharmacological studies are scarce. The first studies 
were done by Casado et al. (2011) and Senatore (1996, 

1999), and glycosylated flavonoids (quercetin-3-O-ruti-
noside, kaempferol-3-O-rutinoside, and kaempferol-3-O-
glucoside), in addition to an acetophenone (p-hydroxyace-
tophenone), were isolated from hydroalcoholic extracts of 
the aerial parts (Senatore 1999). Years later, other flavo-
noids (e.g., kaempferol, quercetin, isorhamnetin, and some 
derivatives) were reported (Landa et al. 2009). Further-
more, seventy compounds, mainly carbonyl compounds, 
such as p-methoxyacetophenone and p-hydroxyacetophe-
none, were characterized from the essential oil of C. spi-
nosa leaves, which include sesquiterpenes (β-humulene, 
ar-curcumene, cuparene, and spathulenol), monoterpenes, 
and phenylpropanoids (apiol), among others (Senatore 
1996).

Only one study related to immunomodulation has 
been reported for this medicinal plant, in which the anti-
inflammatory and antioxidant properties were related to 
flavonoids, such as 5,6,7-trihydroxy-4′-methoxyflavone 
(12), 3′,5,6,7-tetrahydroxy-4′-methoxyflavanone (13), 
4′,5,7,8-tetrahydroxyflavone (14), and 5,7,8-trihydroxy-4′-
methoxyflavone (15) (Ramírez et al. 2014). The administra-
tion of a chloroform extract of C. spinosa leaves to rats, at 
200 mg/kg (48.23%) and 300 mg/kg (46.76%), resulted in 
an increase of the phagocytic activity of the macrophages, 
which was comparable to the positive control isoprinosine 
(59.9%). The anti-inflammatory activity of hydroalcoholic 
extracts was evaluated in paw edema induced by carra-
geenan, with results being comparable to ibuprofen (Ramírez 
et al. 2014). The results were corroborated by Casado et al. 
(2011) and Sotelo-Córdova (1998) using hydroalcoholic 
extracts from aerial parts, with indomethacin as the positive 
control. Both authors suggested that flavonoids and aceto-
phenones, mainly p-hydroxyacetophenone (16), should be 
responsible for the anti-inflammatory action. Additionally, 
the hydroethanolic extract from aerial parts showed potent 
antioxidant activity and cytotoxicity properties with  IC50 
values ranging from 5 to 10 μg/ml, suggesting that kaemp-
ferol (10), quercetin (17), and rutin (18) glycosides could 
be the bioactive compounds (Herrera-Calderon et al. 2017).
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Croton lechleri

Croton lechleri Müll.Arg., Euphorbiaceae (popular name: 
“sangre de grado”), is an Amazonian tree that grows up 
to 20 m in height. Its trunk has a diameter of 30 cm and 
shows a white or gray bark that exudes clear red and viscous 
sap when lacerated (Jones 2003; Rossi et al. 2011). This 
species occurs mainly in the Amazonian basin (Peru and 
Ecuador). Croton lechleri has been a well-known medici-
nal plant for centuries, reputed for its red latex-bearing 
sap. Products based on C. lechleri extracts are widely used 
by Amazonian communities, being included in the list of 
medicinal plants of ESSALUD and have been exported 
in recent decades as raw materials (Lock et al. 2016). Its 
ethnomedicinal uses include healing wounds, and inflam-
matory and septic processes (mainly skin conditions). This 
plant is also used to treat gastrointestinal ulcers, pyorrhea, 
menstrual cramps, fevers of digestive causes, and bleeding 
after childbirth; information collected through community 
use indicates that ca. 8 drops are administrated in almost all 
folk medicine uses, although this dose could reach 20–30 
drops in an infusion combined with other aromatic plants 

(Jones 2003; Rossi et al. 2011; Lock et al. 2016). The sap 
obtained from the stem bark of C. lechleri has received great 
attention from scientists due to its use in folk medicine. Cai 
et al. (1991) suggested that abundant polyphenols could be 
participating in the regulation of the immune system. These 
polyphenols are mainly composed of proanthocyanidins 
(oligomerics and polymerics of flavan-3-ols), for instance, 
SP-303 (19), a proanthocyanidin heterogeneous oligomer. 
These chemical constituents are predominance in aqueous 
fractions from sap’s bark (Cai et al. 1991). Meanwhile, other 
molecules, such as catechin/epicatechin (20 and 21) or gal-
locatechin/epigallocatechin (22 and 23), were identified in 
low quantities (Cai et al. 1991). Two years later, the same 
research group identified clerodane-type diterpenes, such as 
korberin A (24) and B (25), from the bark (Cai et al. 1993). 
These and other chemical groups, such as flavonols (quer-
citrin, 26), lignans (3’,4-O-dimethylcedrusin from the sap, 
27), and alkaloids such as sinoacutine (28) and glaucine (29) 
in the leaves, and taspine (30) (>1% dry wt. from sap) were 
highlighted by Jones (2003) in a review article. Meanwhile, 
other researchers also found 74 substances in the essential 
oil of C. lechleri (Rossi et al. 2011).
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The chemical peculiarity of this plant led us to suppose 
that it could be a source of chemical agents capable of acting 
on multiple pharmacological targets in interaction with the 
immune system. However, only one immunological study 
has been performed (Risco et al. 2003), where it was demon-
strated the stimulation of phagocytosis in human monocytes 
by the bark’s sap at 5–20 µg/ml and observed the inhibi-
tion of phagocytosis activity in human blood monocytes 
at a higher concentration (50 µg/ml). The immunomodula-
tory activity of the plant extract was attributed to catechins 
(monomeric flavan-3-ols) and proanthocyanidins (19–23). 
Recently, Shakoor et al. (2021) suggested that polyphenols 
such as catechins (monomeric flavan-3-ols) and proantho-
cyanidins could be directly or indirectly involved in the 
stimulation of the immune response. These molecules would 
also be strongly related to antioxidant effects, compared 
with quercetin and ascorbic acid (De Marino et al. 2008; 
Risco et al. 2003). In addition, proanthocyanidin fractions 
revealed a significant inhibitory activity against DNA and 
RNA viruses, for example, respiratory syncytial virus, influ-
enza A virus, parainfluenza virus, herpesvirus types 1 and 
2, and hepatitis A and B virus (Barnard et al. 1993; Ubillas 
et al. 1994).

This plant also showed a potent anti-inflammatory effect 
that was attributed to alkaloids, especially to taspine (30). 
This alkaloid showed significant activity at 20 mg/kg/day 
when compared with the positive control (indomethacin; 
1 mg/kg/day) in a carrageenan-induced edema assay (Perdue 
et al. 1979). Meanwhile, the sap from C. lechleri at 5 mg/
kg i.p. exhibited potent activity during the first 4 h, in com-
parison with naproxen at 20 mg/kg i.p. (Risco et al. 2003). 
3′,4-O-dimethylcedrusin (27) was related to healing, due to 
its stimulatory actions in wound repair (De Marino et al. 
2008). These investigations clearly indicate its therapeutic 
potential against post-COVID-19 symptoms.

Lepidium meyenii

Lepidium meyenii Walp., Brassicaceae (popular name: 
“maca”), is an herbaceous biennial plant with an edible 
underground storage organ (root) that is ca. 20 cm in circum-
ference and shows different shapes (spherical or oval) and 
colors (yellow, purple, or cream). The aerial plant (includ-
ing leaves, stems, and inflorescence) can reach a height of 
10–20 cm (Wang and Zhu 2019). This plant occurs in non-
forested area between 3700 and 4500 m above sea level, 
mainly in the Peruvian and Bolivian Central Andes. The 
favorable climatic conditions for this plant are characterized 
by strong winds, high UV radiation, low oxygen levels, and 
low temperature (~10 °C) (Lock et al. 2016). However, this 
species has been adapted in other parts of the world where 
it is cultivated (Wang and Zhu 2019).

According to Peruvian history, people of the Andean 
highlands have an ancient tradition of growing maca in 
large areas, among other foods. Its harvest was widely spread 
throughout the Inca Empire (10,000 years ago). Since then, 
its energizing power has been recognized to improve men-
tal capacity, as well as strengthening the immune system. 
Its consumables are mainly sweet and flavored hypocotyls 
(root type). Typically, they are crushed and then mixed with 
milk until they reach a porridge-like consistency (Lock et al. 
2016). This is reflected in publications related to the rich 
content of nutritional constituents: carbohydrate (59–73%), 
starch (37–77%), protein (10–18%), total dietary fiber 
(15–26%), and lipids (0.59–2.2%), in addition to the mineral 
content (Wang and Zhu 2019).

Recent studies reported that molecules from the primary 
metabolism of L. meyenii are a pivotal part of some pharma-
cological properties. Polysaccharide fractions from maca leaf 
(LMPL, 58.43 kDa) (Li et al. 2017), root (MC-1, 11.3 kDa; 
MC-2, 9.83 kDa, LPM-1) (Zhang et al. 2017, 2016; Zha 
et al. 2018), and MP21 (Unknown) (Wang et al. 2016; Li 
et al. 2017) possess immunomodulatory activity, increas-
ing phagocytosis and the release of NO and cytokines, such 
as IL-6, IL-10, and TNF-α, in a dose-dependent manner. 
On the other hand, the MPI protein (maca protein isolate, 
22 kDa) obtained from the root caused a significant increase 
in the levels of TNF-α, IL-6, and, NO in macrophage cells 
(RAW264.7) at 62.5 μg/ml (Wu et al. 2019). Furthermore, 
Fei et al. (2020) suggested that oral doses (0.75–1.5 mg/kg) 
of the aqueous extract of maca root administered in mice 
enhanced cell-mediated and humoral immune responses by 
increasing the secretion of T1 and decreasing T2 cytokines. 
In addition, they improved the proliferation and transforma-
tion of splenic T lymphocytes. These in vitro and in vivo 
immunomodulatory studies were corroborated in a clinical 
trial, when Ren (2019) demonstrated that the consumption of 
dry tablets of maca (250 mg/capsule) for 2 weeks in boxing 
athletes can effectively improve their immune function by 
raising the level of white blood cells and the immunoglobu-
lins A, M, and G levels.

In the context of secondary metabolites, glucosi-
nolates, e.g., benzylglucosinolate (31) and m-methoxyben-
zylglucosinolate (32), are the most abundant chemical group 
in the root. Interestingly, they possess strong antioxidant 
activity, as summarized in the review article by Carvalho 
and Ribeiro (2019). In addition, flavonoids, mainly catechins 
and its epimers (20–23), have been identified in L. meyenii 
extracts; these molecules have also been involved in antioxi-
dant activity (Carvalho and Ribeiro 2019). Studies have also 
shown that lignans such as ( +)-epi-pinoresinol (33) exert 
anti-inflammatory activity on lipopolysaccharide (LPS)-
stimulated RAW264.7 cells by inhibiting IL-6 production 
in a dose-dependent manner (Zhou et al. 2021), and some 
macamides, as N-benzyl-9-oxo-10E,12E-octadecadienamide 
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(34) and N-benzyl-9-oxo-10E,12Z-octadecadienamide (35), 
exhibited relevant cytotoxic activity against the tumor cell line 
HT-29 (Carvalho and Ribeiro 2019). Similar pharmacological 
action was shown by alkaloids such as lepidiline A (36) and 
lepidiline B (37) against human pancreatic adenocarcinoma 
(PACA2), human bladder carcinoma (UMUC3), and human 
ovarian carcinoma (FDIGROV). Furthermore, Mendoza et al. 
(2014) reported that methanol extracts from the root dem-
onstrated inhibitory effects on Flu-A  (IC50 5.40 μg/ml) and 
Flu-B  (IC50 7.69 μg/ml) virus replication, with a selectivity 
index (SI) of 157.4 and 110.5, respectively. It is important to 
note that the traditional use of L. meyenii encompasses many 

other relevant biological activities, including sexual perfor-
mance enhancement, immunomodulatory properties, the 
reduction of osteoporosis, ultraviolet radiation protection, and 
hepatoprotective effects, where other chemical groups could 
be involved (phytosterols, saponins, and phenolic acids) (Car-
valho and Ribeiro 2019; Wang and Zhu 2019). Like other 
plants, maca root has been shown to have multiple pharma-
cological activities, such as anti-inflammatory, anti-fatigue, 
improving reproductive health, antioxidant, neuroprotective, 
hepatoprotective, and antiviral, some of which suggest that 
this plant is promising for the treatment of COVID-19 (Men-
doza et al. 2014; Wang and Zhu 2019).

Mauritia flexuosa

Mauritia flexuosa L.f., Arecaceae (popular name: “aguaje”), 
is a native palm tree occurring in the lowlands of the Amazon 
biome, being considered one of the most abundant palm trees. 
In Brazil, it is known as buriti, while the local name in Peru 
is aguaje. This palm can have 30–40 m height, with a diam-
eter between 30 and 60 cm, and large composite leaves. The 
edible and highly nutritious fruits are oval drupoids exhibiting 
a yellow-orange to dark reddish color, measuring about 5–7 cm 
in length and 4–5 cm in width, and weighing 40–85 g (Pacheco-
Santos 2005; Koolen et al. 2018). This species has been domes-
ticated since pre-Columbian times and occurs in low-lying areas 
of the Amazon rainforest. Its pulp has a particular flavor (bit-
tersweet taste) and aroma, and is usually consumed as jams, 
sweets, ice creams, and wines. In recent decades, consumption 
of the pulp and oil of M. flexuosa has expanded in the global 
market, offering considerable socioeconomic potential (Cân-
dido et al. 2015; Koolen et al. 2018; Cruz et al. 2020).

The fruit pulp is a rich source of macro and micro-
nutrients. Carbohydrates are composed mainly of 
arabinan-rich pectic and linear polysaccharides (e.g., 
(1 → 5)-α-l-arabinan, (1 → 3)-(1 → 4)-α-D-glucan, and 

(1 → 4)-β-D-xylan) (Cordeiro et al. 2015). Moreover, its fruit 
has a rich fat content (20% w/w of the crude), which is com-
prised of oleic acid (76.7%), palmitic acid (18.7%), stearic 
acid (1.5%), linoleic acid (1.5%), linolenic acid (0.7%), 
and arachidic acid (0.5%). It is also highly rich in carot-
enoids, mainly β-carotenes (e.g., 13-cis-β-carotene, 9-cis-β-
carotene), followed by tocopherols (1169 μg/g of dry matter 
of M. flexuosa pulp) (e.g., β-tocopherol, α-tocopherol, and 
δ-tocopherol). Secondary metabolites such as phenolic com-
pounds, mainly quinic acid and derivatives, protocatechuic, 
chlorogenic, and caffeic acid; and flavonoids (catechin, 
epicatechin, naringenin, luteolin, quercetin, and their gly-
cosylated derivatives, and glycosylated anthocyanins such 
as cyanidin-3-glucoside and cyanidin-3-rutinoside) were 
also identified (Koolen et al. 2012; 2018; De Oliveira et al. 
2013; Bataglion et al. 2014; Abreu-Naranjo et al. 2020). 
Aguaje oil has phytosterols and high levels of carotenoids 
(β-carotenes, vitamin A). Some glycosyl flavonoids, such 
as quercetin-3-O-rutinoside (rutin) (18), luteolin-8-C-glu-
coside (orientin) (38), and luteolin-6-C-glucoside (isoori-
entin) (39), were isolated in hydroalcoholic extracts from 
the leaves and roots and reported to show anti-inflammatory 
and antioxidant properties in studies conducted with other 
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plant species (Koolen et al. 2012; De Oliveira et al. 2013; 
Lin et al. 2019).

Maytenus macrocarpa

Maytenus macrocarpa Briq., Celastraceae (popular name: 
“chuchuhuasi”), is native to lowland tropical rainforests, 
exclusively in the Amazon region. It is a tree that can grow 
up to 30 m tall. Traditional medicine of the Peruvian Ama-
zon communities mainly uses the stem bark and the root in 
preparations by decoction or maceration. There are popu-
lar reports that hydroalcoholic extracts of the bark or root 
(prepared from sugar cane) are mainly used for rheumatic, 
anti-inflammatory, anti-diarrheal, antimalarial, and antileish-
manial treatments, or to improve wound healing. There are 
also reports of stem bark decoctions being used in the treat-
ment of bronchitis and colds, to improve the immune system, 
and as a muscle relaxant (Rommel et al. 2016; Malaník et al. 
2019).

Few phytochemical reports are found for this species. 
Its chemical composition comprises mainly terpenoids 
(triterpenoids and dihydro-β-agarofuran sesquiterpenes) 
isolated from the bark and leaves of M. macrocarpa. These 
compounds include dihydro-β-agarofurane sesquiterpenes 
obtained from the leaves, tetracyclic dammarane triterpe-
nes from stem bark and exudate, lupane triterpenes from 
the bark, pentacyclic triterpenes (e.g., friedelin, scutione, 
pristimerin, ilicifoline) from stem bark and exudate, pen-
tacyclic triterpenes (macrocarpine A-D) from the root, 
p-hydroxybenzoic acid derivatives, 3,4,5-trimethoxyben-
zyl alcohol, and noreugenin (Chávez et al. 1998, 1999; 
Piacente et al. 2006; Torpocco et al. 2007; Veloso et al. 
2017; Malaník et al. 2019).

Chemical constituents present in stem bark extracts 
from M. macrocarpa ,  such as celastrol, lupeol, 
3-E-caffeoyl-betulin, and friedelin, would act in different 
inflammatory processes (Malaník et al. 2019). Moreover, 
M. macrocarpa leaves displayed an anti-inflammatory 
effect at 1250 mg/kg, which was higher than the effects 
with diclofenac (74.14% vs 58.62%, one-way ANOVA, 
p < 0.05) (Luján-Carpio et  al. 2019). Additionally, M. 
macrocarpa leaves were tested along with 34 other 
Amazonian plants for antiviral activity against HCV 
virus, with promising results. At 25 µg/ml, they inhib-
ited the infection by  >50% (Roumy et  al. 2020). Fur-
thermore, the leaf extract and isolated substances, such 
as pristimerin (43), macrocarpins A-D (44–47), betulin 
(48) derivatives, 28-hydroxyfriedelane-1,3-dione (49), 
scutione (50), vitideasin (51), 6β,8β,15-triacetoxy-1α,9α-
dibenzoyloxy-4β-hydroxy-β-dihydroagarofuran (52), and 
1α,6β,8β,15-tetraacetoxy-9α-(benzoyloxy)-4β-hydroxy-
β-dihydroagarofuran (53), act against different tumoral 
cell lines, demonstrating its potent antitumoral activity 
(Malaník et al. 2019; Roumy et al. 2020). These findings, 
obtained in preliminary pharmacological studies, although 
not directly related to the immune system, may feature 

Despite being one of the most iconic plants of the Ama-
zon rainforest, scientific studies on this species are scarce. 
Recently, Cruz et al. (2020) evaluated the immunomodula-
tory effect of M. flexuosa oil against Escherichia coli, show-
ing a 47% increase in the phagocytosis index when compared 
with the untreated group. However, the most remarkable 
property of aguaje fruit is its antioxidant capacity, which has 
been evaluated using different approaches (DPPH, TBARS 
or FRAP assays) (Cândido et al. 2015; Abreu-Naranjo et al. 
2020) in addition to an in vivo antioxidant test using young 
rats to determine the catalase non-protein sulfhydryl groups 
in the liver and quantify malondialdehyde in the plasma and 
tissues (Romero et al. 2015). Furthermore, molecules such 
as 13-cis-β-carotene (40), 9-cis-β-carotene (41), and mainly 
α-carotene (42) were shown to be promissory in the in silico 
assay of molecular docking and molecular dynamics stimu-
lations using a 2GTB peptidase complex (the main peptidase 
of SARS-CoV) (Costa et al. 2020). Thus, we see an inter-
esting opportunity to continue more experimental studies 
on the immunomodulatory effects of promising molecules.
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promising active compounds, considering that the ethno-
medicinal uses are related to strengthen the immune sys-
tem and relieve pulmonary COVID-19 symptoms (Malaník 

et al. 2019; Roumy et al. 2020). Undoubtedly, more studies 
should be carried out to understand the medicinal value 
of this plant.

Plukenetia volubilis

Plukenetia volubilis L., Euphorbiaceae (popular name: 
“sacha inchi”) is a climbing, monoecious, and perennial 
plant that grows up to 2 m in height. It occurs preferably in 
warm tropical climates, at high altitude (>2000 m above sea 
level), from the Andean rainforest to the Peruvian Amazon 
lowlands, where it has been cultivated as an edible nut by 
native people since pre-Columbian times (populations from 
Mochica and Chimú). As popular as C. quinoa, the cultiva-
tion of this plant has expanded to other American and Asian 
countries. The peanut-like fruit of P. volubilis is shaped like 

a star, with a capsule (3–5 cm) containing the edible oval 
seeds, which change from green to dark brown when ripe. 
Its seeds are valued for their polyunsaturated acid oils and 
protein content (Alayón and Echeverri 2016; Li et al. 2018).

The most studied part of the plant is the seeds of the 
fruits. The oil extracted from the seeds has been extensively 
studied regarding its chemical composition. The fruit seeds 
are a rich source of lipids (35–60%) and proteins (25–30%), 
and also contain heat-labile substances with a bitter taste. 
In particular, the seed oil is characterized predominantly by 
high levels of essential fatty acids, namely, C18:3 omega 3 
(cis,cis,cis-9,12,15-octadecatrienoic acid, syn. α-linolenic 
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acid) (54) and C18:2 omega 6 (cis,-cis-9,12-octadecadienoic 
acid, syn. α-linoleic acid) (55), other fatty acids, represent-
ing about 82% of the total oil content, according to the seed 
variety (Fanali et al. 2011; Chirinos et al. 2013). In addi-
tion, the amino-acid profile of the protein fraction shows 
a relatively high level of cysteine, tyrosine, threonine, and 
tryptophan, compared to other seed oil sources, and a large 
quantity of tocopherols (γ- and δ-tocopherols) (56 and 57), 

and phytosterols (β-sitosterol and stigmasterol), as well as 
phenolic compounds like ferulic acid (7) (Fanali et al. 2011; 
Chirinos et al. 2013; Ramos-Escudero et al. 2021). On the 
other hand, there is little information about the chemical 
composition of the seed shell and leaves of sacha inchi when 
compared to the seed. This was highlighted in a review arti-
cle by Wang et al. (2018), where the antioxidant and anti-
cancer properties of the seed shell and leaves are reported.

It is well known that antioxidant supplementation with fruit 
seed oils can improve the immune response; therefore, it is 
important to consider the chemical diversity not only of the seed 
oil, but also of the seed shell and leaves of P. volubilis (Chirinos 
et al. 2013; Nascimento et al. 2013; Cisneros et al. 2014). In 
addition to the antioxidant property, hydroalcoholic extracts of 
leaves (250 µg/ml) were able to reduce the proliferation of HeLa 
cancer cells by  ~50% (Nascimento et al. 2013). A few studies 
have been carried out focusing on the immunological activ-
ity of fractions of polysaccharide and albumin extracted from 
sacha inchi seeds (Li et al. 2018; Tian et al. 2020). In one study, 
the albumin fraction exhibited immunomodulatory activity by 
stimulating the proliferation and enhancing the TNF-α secre-
tion of splenic lymphocytes, increasing the cellular lysosomal 
enzyme and pinocytic activities, and moderately promoting the 
NO and  H2O2 production of RAW264.7 cells (Li et al. 2018). 
In a second study, the water-soluble polysaccharide fraction-1 
(PVLP-1) enhanced the expression of inflammatory cytokines 
IL-6, TNF-α, and IL-1β in RAW264.7 cells. This fraction could 
be used as a functional food or adjuvant drug to improve the 
biological immunity of immunodeficiency diseases and hypo-
immunity (Tian et al. 2020). The results of a clinical trial involv-
ing patients who consumed a high-fat breakfast with sacha inchi 
oil revealed a decrease in IL-6 expression in serum (Alayón et al. 
2019). Therefore, this species deserves further in-depth study.

Physalis peruviana

Physalis peruviana L., Solanaceae (popular name: “aguay-
manto”) is a perennial hairy shrub reaching between 1 and 
1.5 m in height. Currently, it grows in tropical and sub-tropical 
regions around the world, but it is native to the Andes of South 
America, where agricultural areas of this species have been 
known since before the Inca Empire. Its edible fruits are similar 

to small tomatoes (4–10 g) of a bright yellow color, containing 
about 100–200 seeds, and protected by a calix. The ripe and 
fresh fruit is traditionally consumed as a juice or infused to treat 
colds, asthma, cough, pharyngitis, scurvy (stomatitis), and jaun-
dice (or conditions related to the kidney). Infusions and decoc-
tions of the leaves are used for oropharyngeal treatment and to 
purify the blood. P. peruviana became famous worldwide due 
to its fruits, which have a pleasant, refreshing, and sweet-tart 
taste (Ramadan 2011; Lock et al. 2016).

Despite P. peruviana fruit being highly valued internation-
ally, there are few studies about its phytochemical composition. 
Recent studies (Etzbach et al. 2018; El-Beltagi et al. 2019; Yu 
et al. 2019) have shown that P. peruviana has a high health 
value, especially due to its high content of carotenoids (e.g., 
carotenes 1.6–2 mg %), lutein esters, and several unesterified 
carotenoids, as well as xanthophyll esters, zeaxanthin esters, 
and β-cryptoxanthin (Puente et al. 2011; Etzbach et al. 2018). 
It also contains vitamin C (38–43 mg %), vitamin B complex 
(thiamine, niacin, and riboflavin), tocopherols (mainly γ- and 
α-), and vitamin K, along with a high content of polyunsatu-
rated fatty acids (γ-linolenic acid 18.8%, linoleic acid, oleic 
acid, and palmitic acid) and minerals (e.g., calcium, copper, 
iron, zinc, and phosphorus) (Ramadan 2011; Yu et al. 2019).

As indicated in some review articles (Puente et  al. 
2011; Ramadan 2011; Singh et al. 2019), this plant pos-
sesses phenolic acids, e.g., p-coumaric (58), caffeic (59), 
ferulic (7), gallic (60), and chlorogenic acid (61), flavo-
noids, e.g., catechin/epicatechin (21 and 22), rutin (19), 
myricetin (62), and steroid lactones such as withanolides, 
e.g., withanolide E (63), 4β-hydroxywithanolide E (64), 
and physapruin A (65) that can be the subject of additional 
studies. Finally, more than 100 compounds associated with 
flavor, including volatiles and non-volatiles, have been 
identified in the fresh fruits by means of gas chromatog-
raphy (Singh et al. 2019).
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Nutritionally, P. peruviana plays an important role in applied 
food sciences (Yu et al. 2019). Its berries have been shown to 
provide significant health benefits, especially due to their high 
antioxidant activity (Ramadan 2011). Moreover, precursors of 
vitamin A, such as α- and β-carotene (66 and 67), as well as 
β-cryptoxanthin (68), are claimed to be rich in these berries and 
could be ascribed to boost the immune function, as well as the 
normal growth and development of the body (Wen et al. 2020).

66 R=H
68 R=OH

67

R

Supercritical fluid extracts of P. physalis leaves have 
been shown to be an effective inhibitor of LPS-induced 
NO generation and PGE2 production, as well as pro-
inflammatory enzymes (inducible nitric oxide synthase 
protein (iNOS) and COX-2 expression) in RAW246.7 
cells (Wu et al. 2006). In addition, these extracts proved 
to be potent superoxide anions scavengers and xanthine 
oxidase inhibitors, with  IC50 values of 6.78 µg/ml and 
7.48  µg/ml, respectively (Wu et  al. 2006). Physalis 

peruviana extracts presenting a high content of flavo-
noids and other phenolics were reported to have promis-
ing anti-inflammatory and antioxidant effects (Wu et al. 
2006). Franco et al. (2007) showed a significant inhibi-
tion of acute ear edema induced by 12-O-tetradecanoyl-
forbol-13-acetate in a dose-dependent manner. Later, 
Martínez et al. (2010) observed a reduction of proin-
flammatory cytokines such as TNF-α, monocyte chem-
oattractant protein-1 (MCP-1), and IL-6 in a study using 
an in vitro phagocytosis model (Leishmania panamensis, 
Trypanosomatidae, infection in murine macrophages). 
Moreover, this finding would be strongly related to an 
immunosuppressive activity (a decrease in pro-inflam-
matory cytokines). Two years later, the protective effect 
of P. peruviana leaf extract was evaluated in murine 
models of cigarette smoke-induced and LPS-induced 
lung inflammation. The results showed a reduction in 
the influx of inflammatory cells in the bronchoalveo-
lar lavage fluid (BALF). It is noteworthy that reactive 
oxygen species and pro-inflammatory cytokines (TNF-α 
and IL-6) were reduced in BALF, and the activation of 
MPC-1 was attenuated. On the other hand, the lung acti-
vation of extracellular signal-regulated kinase, nuclear 
factor erythroid 2–related factor 2 (Nrf2), and heme oxy-
genase-1 (HO-1) expression was observed (Park et al. 
2017). Therefore, these findings would be strongly cor-
related with immunosuppressive activity, suggesting that 
these extracts may have an adjuvant role in inflammatory 
airway and lung diseases. This immunomodulator profile 
was reinforced by Mier-Giraldo et al. (2017), when they 
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demonstrated that hydroalcoholic extracts from P. peru-
viana reduced the release of IL-6, IL-8, and MCP-1 in 
a dose-dependent manner. According to the authors, the 
immunomodulator activity could be associated with the 
presence of rosmarinic acid (69) and ursolic acid (70) 
from the alcoholic extract of ripe P. peruviana fruits. 
Meanwhile, catechin, gallic acid, and epicatechin gallate 
from isopropanol extract could be related to the antioxi-
dant activity (Mier-Giraldo et al. 2017). Furthermore, 
withanolides (63–65) isolated from alcoholic extracts 
of whole plants of P. peruviana showed NO inhibitory 
effects  (IC50 < 8 μM) and a strong affinity with iNOS, 
indicating their anti-inflammatory potential (Dong et al. 
2019). Similarly, Park et al. (2019) evaluated metha-
nolic extracts from leaves of P. peruviana, with promis-
ing results. A reduction in the number of inflammatory 
cells (Th2 cytokines) in BALF, including eosinophils 
and macrophages, and a significant relief of IL-3, IL-4, 
IL-5, and serum IgE levels was observed in a model of 
murine OVA-induced allergic asthma. There was also a 
potent inhibition of MCP-1 production in LPS-stimu-
lated RAW264.7 macrophages (Park et al. 2019).

Uncaria tomentosa

Uncaria tomentosa DC., Rubiaceae (popular name: 
“uña de gato” or cat’s claw) is a large woody vine 
geographically distributed in Central America and the 
Amazon tropical forest. It is one of the most stud-
ied and representative medicinal plant of the Amazon 
Peruvian culture, and its inner bark, roots, and leaves 
are extensively used for medicinal and ceremonial pur-
poses by Amazon healers (“ashaninkas”) (Domingues 
et al. 2011; Shen et al. 2018). The ethnomedicinal uses 
for the bark (most commonly used) and roots (less 
commonly used) are for the treatment of rheumatic 
ailments, prostate inflammation, cancer inflammation, 
and respiratory and digestive diseases; fresh bark in 
snakebites; leaf infusions for measles (viral infection), 
inf lammation processes, and allergies; and macera-
tions (alcoholic beverages from sugar cane) from bark 
or root to boost the immune system (Lock et al. 2016).

Extensive research has been carried out on U. tomen-
tosa leaves, the inner part of the bark and the root in 
the last 50  years, due to its use in folk medicine or 
complementary therapies for its immunological and 
antiviral properties. Since then, its medicinal formula-
tions have been chemically explored (Domingues et al. 
2011). Substances such as tetracyclic oxindole alka-
loids, e.g., rhynchophylline (71), corynoxeine (72), 
isorhynchophylline (73), and isocorynoxeine (74); 
pentacyclic oxindole alkaloids, e.g., mitraphylline 
(75), pterodine (76), uncarine F (77), speciophylline 
(78), isopteropodine (79), and isomitraphylline (80); 
quinovic acid glycosides, e.g., quinovic acid 3β-O-β-
D-quinovopyranoside (81), quinovic acid 3β-O-β-D-
fucopyranosyl-(27 → 1)-D-glucopyranoylester (82), and 
quinovic acid 3β-O-[β-D-glucopyranosil-(1 → 3)-β-D-
fucopyranosyl]-(27 → 1)-β-D-glucopyranosylester (83), 
in addition to procyanidins, e.g., proanthocyanidin B1-B4 
(84–87), B5 (88), and C1 (89), could be strongly related 
to the regulation of the immune system. Furthermore, 
it is suggested that its concentration of carboxylalkyl 
esters of quinic acids (e.g., 3,4-O-dicaffeoylquinic acid) 
(8–20%), chlorogenic acids, triterpenoids (lupeol, ursolic, 
and oleanolic acids), and vaccenic (omega-7 unsaturated 
fatty acid) would confer potent pharmacological action.
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It is noteworthy that U. tomentosa contains pentacyclic and 
tetracyclic indole/oxindole alkaloids, which would lead to two 
different chemotypes, according to Keplinger et al. (1998): 
chemotype I (tetracyclic oxindole alkaloids) and chemotype II 
(tetracyclic oxindole alkaloids). Both types of alkaloids showed 

an antagonistic effect on each other; therefore, the medici-
nal use of these two alkaloid mixtures has been inaccurately 
reported. In order to better understand the behavior of these 
alkaloids, Heitzman et al. (2005) evaluated fractions obtained 
from U. tomentosa and found that the pentacyclic oxindole 
alkaloid-enriched fractions caused an increase in phagocytosis 
of human granulocytes and macrophages, blocking the prolif-
eration of myeloid cell lines and suppressing TNF-α synthesis. 
Conversely, tetracyclic oxindole alkaloids act antagonistically 
on the release of these factors. Nevertheless, the most relevant, 
immune-stimulating pentacyclic oxindole alkaloid-alkaloid, 
such as pteropodine and isopteropodine, have positive modula-
tory effects on the brain (Heitzman et al. 2005). In another study, 
Peñaloza et al. (2015) corroborated not two chemotypes, but 
three: chemotype I (pteropodine, isopteropodine, speciophyl-
line, and uncarine F), chemotype II (mitraphylline and its isomer 
isomitraphylline), and chemotype III (rhynchophylline and its 
isomer isorhynchophylline).

Furthermore, extracts from U. tomentosa stem bark stimu-
lated the production of IL-6 and IL-1 by rat macrophages in 
a dose-dependent manner in the range of 0.025–0.1 mg/ml 
(Lemaire et al. 1999). Later, Winkler et al. (2004) suggested that 
acidified aqueous and ethanolic extracts of U. tomentosa inter-
fere with immunopathogenetic pathways involving Th-1 type 
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cytokines (IFN-ɣ), while Sandoval et al. (2000) suggested they 
were a remarkably potent inhibitor of TNF-α. In addition, the 
alkaloid fraction exhibited a strong immunomodulatory effect, 
with decreased levels of TNF-α and IFN-α and the modula-
tion of IL-10 in DENV-infected monocytes (Reis et al. 2008). 
Lima-Junior et al. (2013) treated a human lineage of dermal 
microvascular endothelial cells infected with DENV-2 using 
an alkaloidal fraction, demonstrating its immunomodulatory 
activity. In another in vitro experiment, Domingues et al. (2011) 
observed the immunomodulatory effects of a pentacyclic oxin-
dole alkaloid-enriched extracts from the bark. An increase of T 
helper lymphocytes and B lymphocytes was observed; however, 
the extracts inhibited the T lymphocyte proliferation at high con-
centrations. Interestingly, Lenzi et al. (2013) evaluated the effects 
of an aqueous extract rich in polyphenols (86%) and proteins, 
observing an increase of TNF-α and IL-6 levels and a reduction 
of IL-1β levels in an in vitro immunostimulant screening assay 
in a macrophage cell culture. In this study, other chemical classes 
rather than alkaloids stood out in relation to the immunomodula-
tory properties of this species.

In a clinical trial with human volunteers, cat’s claw aque-
ous extract (C-Med-100) at doses of 250 and 350 mg/day 
increased the number of lymphocytes and leukocytes, which 
could be ascribed to carboxyl alkyl esters of quinic acids 
(8–10% w/w) (Sheng et al. 2001). Considering this evidence, 
new studies were launched related to molecules capable of 
modulating the immune system or acting against the SARS-
CoV-2 virus. Ferreira et al. (2020) explored 12 therapeutic 
agents, including Miodesin®, which contains U. tomen-
tosa as an ingredient. They assumed that the presence of 
oxindole alkaloids would play a role in immunoregulation, 
while triterpenoid alkaloids and quinovic acid glycosides 
could inhibit some DNA and RNA viruses. Furthermore, 
plant polyphenols could contribute to reducing the oxidative 
stress by enhancing phagocytosis. This research suggested 
that the components of Miodesin® (U. tomentosa, Endo-
pleura uchi (Huber) Cuatrec., Humiriaceae, and astaxanthin, 
a keto-carotenoid) may act synergistically for the prophy-
laxis or improvement of symptoms associated with COVID-
19. Meanwhile, Yepes-Perez et al. (2021) evaluated aqueous 
extract and alkaloid-enriched fractions obtained from the 
plant stem bark against the SARS-CoV-2 virus. At 25 μg/ml, 
these fractions inhibited SARS-CoV-2 replication on Vero 
E6 cells by 92.7%  (EC50 6.6 µg/ml) in a plate test.

The anti-inflammatory efficacy of this plant has also 
been tested in various experimental studies using extracts 
and enriched fractions. Allen-Hall et al. (2010) and Azevedo 
et al. (2018) suggested that the anti-inflammatory effects 
of the stem bark ethanolic extract are due to the regulation 
of the NF-ƘB and the activator protein-1 (AP-1) transcrip-
tion factors. Once these transcription factors are activated, 
pro-inflammatory cytokines such as TNF-α and IL-1β are 

expressed. Consequently, these extracts may be promising 
applications in anti-inflammatory therapies.

Perspective and Future Directions

In this review, we present plants that show evidence of 
immunomodulatory action in experimental studies, as well 
as antiviral properties in several in vitro and in vivo assays. 
In addition, some studies focused on the evaluation of anti-
inflammatory, antioxidant, and cytotoxic activities, comple-
mented with additional experiments to better assess their 
potential as a possible source of immunomodulatory drugs 
for COVID-19. In this context, the immunomodulatory prop-
erties of medicinal plants widely used in Peru by native com-
munities have been little studied, except for C. quinoa, L. 
meyenii, and U. tomentosa, which have aroused the interest 
of researchers only in the last two decades. Additionally, few 
plants have been submitted to pre-clinical and clinical trials, 
probably due to the colossal challenge of fulfilling all the 
rigorous requirements to obtain a phytomedicine.

Crude extracts and isolated chemical constituents have 
been studied for their beneficial effects, as reported from 
traditional knowledge. The results of these studies reveal that 
many of them exert significant immunomodulatory effects. 
Both polysaccharides and proteins, as well as saponins, alka-
loids, and flavonoids can act in an immunomodulatory way 
by inhibiting the release of inflammatory cytokines, such 
as TNF-α, blocking the activation of NF-ƘB, and down-
regulating NO production in macrophages, IL-6 production, 
or MCP-1 expression. The immunomodulatory profile of 
these extracts and isolated components gives them signifi-
cant potential in the treatment of COVID-19.

Another aspect to be discussed is that, despite the passing of 
many centuries, pre-Columbian traditional medicine in South 
America has not been able to be integrated into the modern medici-
nal system, contrary to that observed with traditional Chinese 
medicine. Only at the beginning of this century were a few more 
representative medicinal plants, both native and exotic, included 
in the Peruvian health system. Some of these plants have been 
the subject of incipient scientific studies. It is noteworthy that the 
barrier between raw material and herbal product is influenced by 
multiple factors, among them, the plasticity of plants, because they 
change both physiologically and metabolically according to envi-
ronmental and genetic factors, with consequences on the qualitative 
and quantitative profile of the plant’s extracts. It is important to 
point out that plant crude extracts have not been standardized due 
to the lack of adequate chemical markers and process with eco-
logically correct extraction processes with enough green chemistry 
concepts are needed. In addition, the lack of a complete knowl-
edge of the chemical and pharmacological/toxicological profiles 
of the extracts, as well as their performance in clinical trials, does 
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not allow them to reach their therapeutic relevance according to 
the requirements of standardized contemporary medicine. Some 
medicinal plants are exported as raw materials or supplementary 
foods, while many others remain regrettably understudied. It is 
urgent to improve and protect the traditional knowledge of medici-
nal plants that could be a source of new medicines in the future, 
since they constitute a good, flexible, and cheap alternative for the 
treatment of COVID-19.

Native communities from pre-Columbian civilizations 
already had medicinal knowledge based mainly on plants. It 
is possible that some plants have already played an impor-
tant role in pandemic situations and recurrent diseases faced 
throughout the history of these people. The bark of the cin-
chona tree (Cinchona officinalis), used in traditional medi-
cine against malaria, was the first effective treatment at the 
time. In recent decades, there has been a growing interest in 
validating traditional medicine, with its holistic and system-
atic approach, through scientific research that proves its real 
effectiveness and, consequently, supports its use in conven-
tional medicine. However, there is still a large gap between 
traditional medicine and the experimental evidence required 
in conventional medicine. The use of traditional medicinal 
plants showing an immunomodulatory profile could provide 
a therapeutic alternative. In the current scenario, with the 
COVID-19 pandemic far from over, some plants or plant-
based remedies have been popularly used to alleviate some 
symptoms of the disease.

In addition, the present review highlights the importance 
of the pharmacological information (Table S1) from nine 
native Peruvian plants, which could potentially provide new 
alternatives for the treatment of COVID-19 addressed to the 
strength of the immune system, the fight against viral infec-
tion, hyperinflammation, or post-COVID-19 complications 
through different mechanisms associated with the SARS-
CoV-2 virus. However, further experimental studies need 
to be completed.

Conclusions

In this review, the medicinal species Chenopodium quinoa, 
Chuquiraga spinosa, Croton lechleri, Lepidium meyenii, 
Mauritia flexuosa, Maytenus macrocarpa, Plukenetia vol-
ubilis, Physalis peruviana, and Uncaria tomentosa stood 
out in terms of the biological benefits resulting from their 
wide variety of metabolites. Thus, it is possible to suggest 
some therapeutic hypotheses relating to the immune system 
or directly to the infection caused by SARS-CoV-2. The 
first reports are already available with regard to the spe-
cies U. tomentosa and M. flexuosa, pointing to promising 
molecules for the development of a new drug to combat 
COVID-19. We can suppose that herbal formulations to 
relieve symptoms such as fever, cough, lung inflammation, 

and fatigue could be developed, reducing the probability of 
patients developing severe conditions. We should highlight 
the lack of standardization in sample preparation, extrac-
tion, and characterization, as well as in the enriched frac-
tions of bioactive molecules in most of the studies related 
to medicinal plants, which makes it very unlikely that the 
immunomodulatory activity can be attributed to a single 
compound. Despite the many unknowns concerning the role 
of these compounds in the body’s immune response, they 
can be considered potential immunomodulatory agents. In 
addition, other pharmacological benefits, including antiviral, 
antioxidant, and anti-inflammatory activities, would signifi-
cantly increase the protective effect of these plant prepara-
tions. It is also important to note that some of the plants 
discussed here are already commercialized and exported 
to many countries (e.g., the USA) as supplements for the 
human diet, supporting the use of these medicinal plants for 
therapeutic purposes in the near future. Finally, this review 
highlights the scientific evidence for nine plants that are rich 
sources of valuable potential therapeutic agents to modulate 
the immune system. However, new studies need to be carried 
out to validate the use of these plants as immunomodulatory 
agents before assessing their potential beneficial effect in the 
treatment of patients with COVID-19.
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