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Resumen 

El aumento de enfermedades crónicas no transmisibles y emergentes han generado un incremento 

en el uso y consumo de plantas medicinales para fines terapéuticos o de prevención. Las plantas 

medicinales se han utilizado desde la antigüedad en la medicina tradicional o alopática por su 

impacto positivo sobre la salud humana, debido a que sus compuestos activos tienen diversas 

actividades biológicas, y sus metabolitos secundarios protegen contra el ataque de los radicales 

libres y disminuyen el estrés oxidativo. Existen diversos estudios en los que se demuestran los 

efectos benéficos de una especie vegetal en particular, pero en la medicina tradicional, la 

combinación de diversas especies vegetales proporciona mejores efectos biológicos debido al 

efecto sinérgico. Por ello, en este artículo se realizó una revisión de estudios científicos 

relacionados con la sinergia de la combinación de plantas, que incluyen extractos/extractos, aceites 

esenciales/aceites esenciales, antioxidantes/fármacos y extractos/pulsos eléctricos. Se realizó una 

búsqueda completa de literatura utilizando palabras claves en bases de datos (Science Direct, 

Google Scholar, Scopus, PubMed, Scielo, and Spring Link). Los resultados de las diferentes 
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investigaciones sugieren que la interacción entre los compuestos bioactivos en las plantas aumenta 

las actividades biológicas como la cardiovascular, antioxidante, antiinflamatoria, antimicrobiana, 

antiparasitaria, anticancerígena e insecticida. Además, se discuten las consideraciones o 

limitaciones de los estudios de sinergismo, como la interacción con otras moléculas y los factores 

que influyen con los efectos sinérgicos y que pueden disminuir sus propiedades biológicas. En 

conclusión, el sinergismo podría contribuir en diferentes aplicaciones industriales, como en la 

farmacéutica para el desarrollo de fármacos o en medicina para el diseño de terapias alternativas. 

Palabras clave: plantas, sinergia, actividad biológica. 

 

 

Abstract 

The increase in noncommunicable and emerging diseases has generated a rise in the use and 

consumption of medicinal plants for therapeutic or preventive purposes. Medicinal plants have 

been used in traditional medicine for their positive impact on human health, due to their active 

compounds having various biologics activities, and their secondary metabolites protect against free 

radical attacks and decrease oxidative stress. There are several studies showing the beneficial 

effects of a particular plant species, but in traditional medicine, the combination of various plant 

species provides better biological effects due to the synergistic effect. Therefore, in this article, a 

review of scientific studies related to the synergy of the combination of plants was carried out, 

including extracts/extracts, essential oils/essential oil, antioxidants/drugs, among others. A 

comprehensive literature search was conducted with keywords in databases (Science Direct, 

Google Scholar, Scopus, PubMed, Scielo, and Spring Link). The results of different investigations 

suggest that the interaction between bioactive compounds in plants increases biological activities 

such as cardiovascular, antioxidant, anti-inflammatory, antimicrobial, anticancer, among others. In 

addition, it discusses the considerations or limitations of synergistic studies, such as interaction 

with other molecules and factors that influence synergistic effects and may decrease their biological 

properties. In conclusion, synergy could contribute to different industrial applications, as in the 

pharmaceutical for the development of drugs or in medicine for the design of alternative therapies. 

Keywords: plants, synergy, biological activity. 

 

 

1. Introduction 

According to World Health Organization 

date, 71% of all deaths worldwide are due to 

chronic non-communicable diseases (NCDs); 

77% of these percentage are in low-and 

middle-income countries, the NCDs 

including heart disease, diabetes, obesity, 

chronic lung disease and cancer (WHO, 

2021). Recently, has grown dramatically used 

of traditional medicinal in developing 

countries due to increment of NCDs 

(Gauthier et al., Went et al., 2020). In 2018, 

approximately 80% a global population 

utilized nature products for diseases 

prevention and care-health (Acosta-Recalde 

et al., 2018). Nigeria, Bangladesh, and India 

use Momordica charantia L. to lower blood 

sugar levels (Seetaloo et al., 2019). Apart 

from traditional medicine, exercise, dietary 

and lifestyle modification are necessary for 

the prevention of NCDs. Another reason for 
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this consumption is emerging diseases such 

as the occasioned by COVID-19, which has 

been generated a pandemic. A performed a 

quantitative, correlational, nonexperimental 

study on the use and consume of herbal 

medicine in Ecuador during this pandemic 

(De los Ángeles et al., 2020). Of the 829 

participants, 52.2% consumed in greater 

quantities eucalyptus and 23.6% ginger. 

 

Traditional medicine (TM) has been used in 

all cultures for the treatment of diseases or 

health maintenance (Mazumder & Rhaman, 

2008; Reyes-Munguía et al., 2016). It is 

characterized by the use of a single formula 

with mixtures of different plants, called 

medicinal plants (Wang et al., 2012; Caesar 

& Cech, 2019). Medicinal plants represent a 

critical factor for development of drugs or 

alternative therapies (Shan et al., 2021). In 

China has been identified 2700 medicinal 

plants usually used in herbal medicine (Shan 

et al., 2021). In Mexico, the Ministry of 

Environment and Natural Resources esteem 

4000 medicinal plants, of which only 3000 

have been registered (Secretaría de Medio 

Ambiente y Recursos Naturales, 2021). 

Medicinal plants must have active ingredients 

or secondary metabolites that possess 

curative or preventive biological activities for 

some disease; can be a whole plant or plant 

parts (Santillán, 2012; Abubakar & Haque, 

2020). Secondary metabolites, such as 

polyphenols, terpenes, steroids, glycosides, 

and alkaloids are extracted from inert material 

using different extraction processes 

(decoction, infusion, percolation, maceration, 

ultrasound-assisted extraction, Soxhlet 

extraction, and microware-assisted) (Hęś et 

al., 2019; Belščak-Cvitanović et al., 2018). Of 

these metabolites polyphenols are 

antioxidants that (i) inhibits oxidation totally 

or partially, (ii) eliminate free radicals, (iii) 

convert free radicals into less harmful 

molecules, (iv) decrease oxidative stress (Liu, 

2020; Nanda & Madan, 2021). Free radicals 

have a single electron in their last orbital; this 

unpaired electron extracts an electron from 

other molecules and induces its oxidation 

(Hernández-Espinoza et al., 2019; Wang et 

al., 2021). Of all free radicals, ROS are higher 

dangerous due to increase oxidative stress 

(Razavi & Hosseinzadeh, 2020). If free 

radicals increase oxidative stress occurs in the 

cell and cellular compounds, such as DNA, 

lipids, and membrane proteins, would be 

injured (Carvajal, 2019; Wen et al., 2020). 

 

Medicinal plants and nature foods provide 

superior protective effects against oxidative 

stress due to the synergistic interrelations 

between the different antioxidants within 

them (Fleming & Luo, 2021; Wang & Zhu, 

2017). As a result of several studies, the use 

of plants has increased in recent years, 

suggesting its use as alternative medicine. 

They have properties, mainly antioxidant, 

antimutagenic, anticancerogenic, and 

antimicrobial (Alonso-Castro et al., 2017; 

Reyes-Munguía et al., 2016; Wang et al., 

2018). However, these studies are usually to 

individual plants, whether evaluation their 

extracts or essential oils. The mixture of 

plants provides better biological effects due 

to the synergy between bioactive compounds, 

mainly antioxidants (Hęś et al., 2019; Pereira 

et al., 2015; Venkatadri et al., 2020). To try to 

use the advantages of this type of interaction, 

Pereira et al. (2015) mentions that there are 

studies based on the biochemistry of plants, 

intending to explain and understand the 

reaction mechanisms of the combination of 

different plants. Initial field examinations of 

synergy application between plant-derived 

compounds were carried out on antimicrobial 

activity through BMI (minimum inhibitory 

concentration) and fractional inhibitory index 

(FIC) (Dimitrijevic-Brankovic et al., 2007; 

Lachowicz et al., 1998). In addition, plant-

derived compounds were evaluated along 

with antibiotics, lactic acid, NaCl, fatty acids 

esters, and potassium sorbate had present 

results from favourable interactions against 

pathogens bacteria (Dimitrijevic-Brankovic 
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et al., 2007; Lachowicz et al., 1998; 

Santiesteban-López et al., 2007; Yamazaki et 

al., 2004). In this context, this study aimed to 

bring to the scientific community a review on 

different research conducted of the synergy 

application and the considerations that must 

have these studies. 

 

2. Methodology 

2.1 Search strategy and selection criteria 

The present review article considered the 

literature published on synergy. All the 

available information on synergy studies was 

collected from electronic databases: Science 

Direct, Google Scholar, Scopus, PubMed, 

Scielo, and Spring Link. There was no 

limitation applied to the language. The search 

terms used were (“synergism” [All Fields]), 

(“synergistic effect” [All Field]), (“medicinal 

plants” [All Field]), (“oxidative stress” [All 

Field]), (“synergy plants” [MeSH Terms]), 

(“synergy antioxidant” [MeSH Terms]), 

(“antioxidants” [MeSH Terms]), (“synergy 

essential oils” [All Fields]), (“bioactive 

compounds” [All Fields]), (“synergy factors” 

[MeSH Terms]), (“synergy bioactive 

compounds” [All Fields]). Articles of Open 

access were included in this article. 

 

According to the search terms used, the 

authors examined relevant studies and 

sequentially screened their titles and abstracts 

for eligibility. Research articles, reviews, and 

observational studies from 2012 to 2021 that 

contained the keywords in the title, abstract, 

and subject description were eligible for the 

review. The full texts of potentially eligible 

studies were retrieved and excluded in case of 

insufficient date, irrelevant research question, 

and inappropriate research design. 

 

Analytical techniques applied to measure 

synergy, including (i) spectrophotometric 

assays: 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), 2,2-azinobis (3-ethyl-

benzothiazoline-6-sulphonic acid (ABTS), 

ferric reducing ability of plasma (FRAP), 

total antioxidant capacity (TAC), (ii) 

biological systems: living cell (HepG2 cells 

and carcinoma HT-29 cells), (iii) animals, 

(iv) in silico assays, and (v) tissue cultured. 

Additionally, evaluates the polyphenol total 

content (flavonoids, tannins, phenols, etc.) 

and different biological activities. 

 

2.2 Study selection 

A total of 100 studies were obtained during 

the literature search. After analysis using our 

inclusion and exclusion criteria, were 76 

excluded, and 24 included in the present 

work. 

 

2. 3 Data analysis and representation 

The selected studies were integrated in Table 

1, according to the following criterions: plant 

or substance used, part used, type of extract, 

proportion, biological activity, test evaluated, 

result, identified bioactive compounds, and 

reference. 
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Table 1. Synergistic effects of different plants and compounds on several biological activities. 

Plant or 

substance 

used 

Part 

used 

Type of 

extract 

Proportio

n of 

mixture 

Biological 

activity  

Test  Result Identified 

bioactive 

compounds 

Reference 

Radix genre: 

Salviae 

multiorrhizae 
(RSM) 

Ophiopogoni

s Japonici 
(ROJ) 

Astragali 

Mongolici 
(RAM) 

Puerariae 

lobatae 
(RPL) 

3D 

structur

es  

NM NM Cardiovascular A novel 

system 

biology model 
integrating: 

Oral 

bioavailability
, drug-likeness 

screening, and 

target 
identification 

RSM shown 

synergy with 

each of the 
other three 

plants. 

118 bioactive 

compounds  

Wang et al., 

2012 

Hibiscus 

sabdariffa L 
+ 

Olea 

europea L 

F 

 
L 

E 

 
A 

13:2 v/v Cardioprotecto

r 
Vascular 

activity 

Determination 

of antioxidant 
and 

cytoprotective 

effects in 
cultured 

HUVECs 

Extract 

combined 
showed high 

cardiac and 

vascular 
protective 

activities that 

each single 
extract. 

Hibiscus acid 

Oleuropein 
isomer 

Two glucoside 

isomers of 
luteolin 

Micucci et 

al., 2015 

CFO: Sheng-

ma 

(Cimicifuga 
foetida L) 

+ 

AME: 
Huang-qi 

(Astragalus 

membranace
us var. 

mongholicus 

(Bunge)) 

R E 1:1 v/v Antioxidant Determination 

of antioxidant 

activity: 
DPPH 

FRAP 

ABTS 
Determination 

of protective 

effect against 
H2O2-induced 

oxidative 

damage in 
HepG2 cells 

The 

combination 

of calycosin 
and isoferulic 

acid resulted 

in a synergy 
in DPPH 

(1.062 

mg/mL), 
FRAP (8.706 

mmol/g), and 

HepG2 cell 
bioassay (CI, 

0.442). 

Calycosin 

Formononetin 

Ferulic acid 
Isoferulic acid 

Wang et al., 

2014 

Egyptian 
Chlorella 

vulgaris 

(GVE) 
+ 

Malaysian 

Ganoderma 
lucidum 

(GLE) 

M 
 

 

MU 
(MY + 

FB) 

E 
 

A 

63.5 
µg/mL of 

CVE + 4.1 

µg/mL 
GLE 

Antioxidant 
Anti-

inflammatory 

Total 
phenolics 

Total 

flavonoids 
Total 

triterpenoids 

Total tannin 
Determination 

of antioxidant: 

TAC 
DPPH 

Anti-

inflammatory 
activity 

The mixture 
of extracts 

was 

significantly 
better than 

the control, 

anti-
inflammatory 

drug (Dex). 

GLE-CVE 
decreased in 

13.6 µg/mL 

the anormal 
elevation in 

the 

proliferation 
of LPS-

exposed and 

Dex 30.4 
µg/mL. 

2,5-dihydroxy 
benzoic acids 

Gallic acid 

RU 

Abu-Serie et 
al., 2018 

Grapefruit 

(Citrus 
paradisi) 

(GFJ) 

+ 
Aripiprazole 

(ARI) 

P J 2 mg/Kg 

ARI and 
0.5 mL 

GFJ along 

with H2O2 

Antioxidant 

Anti-
inflammatory 

Animals: H2O2 

induced 
oxidative 

stress in mice 

ARI + GFJ 

decreased 
pro-

inflammatory 

cytokines 
(IL-2, IL-10 

and TNF-α) 

and 
biochemical 

Naringin Zargar et al., 

2018 
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markers 
(ALT, 38.99 

U/mL) 

Salvia 
officinalis L. 

(SAE) 

+ 
Loperamide 

(LOP) 

L A 50 mg/Kg 
SAE + 5 

mg/Kg 

LOP + 
castor oil 

(CO-

induced 
diarrhea) 5 

mL/Kg 

Antidiarrheal Determination 
of antioxidant 

Antidiarrheal 

activity 

SAE and Mix 
against Co-

induced 

diarrhea 

ND Jedidi et al., 
2019 

Bunium 

persicum and 
Rosmarinus 

officinalis  

+ 
Citric acid 

S EO NM Antioxidant DPPH  

Cupric ion-
reducing 

power 

The 

combination 
can be 

applied to 

increase the 
oxidative 

stability of 

virgin olive 
oil. 

γ-terpinene 

ρ-cymene 
cuminaldehyde 

α-pinene 

Camphene 
Limonene 

Camphor 

Verbenone 

Keramat et 

al., 2016 

Carotenoids 

of Carrot 
(CE) and 

Marigold 

(ME) 
+ 

Azelaic acid 

(AA) 

NM NF with 

HG into 
NLC 

 NM Antioxidant 

Antibacterial 
Anti-

inflammatory 

Antioxidant 

activity  
In vitro 

determination 

of 
antimicrobial 

activity 

HG-NLC-

ME/CE-AA 
showed 

antioxidant 

and 
antibacterial 

activities. 

Decreased the 
secretion of 

IL-1β and 

TNF-α 
proinflammat

ory cytokines 

ND Lacatusu et 

al., 2020 

Binary 
combination: 

Black pepper 

Cumin 
Bay leaf 

Garlic 

Coriander 
Ginger 

Onion 

Turmeric 
Mustard 

 
S 

S 

L 
BU 

S 

R 
BU 

R 

S 

EO 1:1 v/v Antibacterial 
Antioxidant 

Antibacterial 
activity: 

Salmonella 

typhimurium 
Bacillus 

cereus 

Listeria 
monocytogene

s 

Micrococcus 
luteus 

Staphylococcu

s aureus 
Escherichia 

coli 

Antioxidant 
activity: 

DPPH 

The 
combination 

of 

coriander/cu
min seed oil 

exhibited 

antioxidant 
(CI=0.79) 

and 

antibacterial 
effects. 

Coriander: 
linalool 

Cumin: ρ-

coumaric acid 

Bad & 
Chattopadh

yay, 2015  

Cucumis 
myriocarpus 

Ekebergia 

capensis 
Bolusanthus 

speciosus 

Solanum 
panduriform

e 

Prunus 
africana 

Searsia 

lancea 
Protea caffra 

S, L 
L 

BA 

FR, ST 
L 

L 

BA, F, 
L, S 

E, A, M, 
DCM, PE 

Different 
combinati

ons 

Example: 
2.5/0.125, 

0.625/2.5, 

0.156/0.15
6 mg/mL 

Antibacterial Antibacterial 
synergy 

studies: 

Anti-
gonococcal 

Checkerboard 

titration 
bioassay 

Time-kill 

bioassay 

Extracts can 
be used 

individually 

or in 
combination 

with 

antibiotics 
due to 

showed 

potentially 

antibacterial 

effect. 

ND Vambe et 
al., 2018 

Callistemon 

lanceolatus 

and Ocimum 
gratissimum 

NM EO 1:1 v/v Antibacterial  

Antioxidant 

Antioxidant 

activity: 

DPPH 

The results of 

binary 

mixtures of 
essential oils 

1,8-cineole 

α-pinene 

dl-limonene 
isoeugenol 

Sharma et 

al., 2020 
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+ 
Citronella 

java, 

Cymbopogon 
flexuosus, 

Mentha 

longifolia, 
and Vitex 

negundo 

Antibacterial 
activity: 

Dilution 

method 

and the other 
components 

provide 

antimicrobial 
and 

antioxidant 

effect tests 

eugenol 
germacreme-D 

caryophyllene 

oxide 
citronellal 

elemol 

rosifoliol 
cardinene 

cis-carane 

terpinolene 
cis-myrtanol 

cubebol 

α-elemene 

Black pepper 

Cinnamon 

Clove 

FR 

BA 

B 

EO 2.52% 

black 

pepper, 
2.14% 

cinnamon 

2.83% 
clove 

Antibacterial 

Antifungal 

Antioxidant 

 

Determination 

of minimum 
inhibitory 

concentration 

Antibacterial 

activity 

against 
Pseudomonas 

aeruginosa 

Listeria 
monocytogen

es 

Salmonella 
typhimurium 

Clove: 

Eugenol, β-

caryophyllene, 
eugenyl 

acetate, and 

caryophyllene 
oxide  

Cinnamon: 

cinnamaldehyd
e, cinnamyl 

acetate, and -β-

caryophyllene. 

Purkait et 

al., 2020 

1,8-cineole + 

Camphor 

39 
compounds 

- - 1:1 w/w Insecticide  Cuticular 

penetration 

analyses 

High 

penetration in 

larvae of 
Trichoplusia 

ni. 

 Tak & 

Isman, 2017 

Artemisia 

iwayomogi 
+ 

Curcuma 

longa 

L 

 
R 

E 1:1 v/v Antihyperlipid

emic 

Antioxidant 

activity 
Tissue 

cultured: 

Histopathologi
cal analysis 

The was 

combined 
extract more 

effective on a 

high-fat diet 
model 

compared to 

its separate 
administered. 

ND Han et al., 

2015 

Curcuma 

longa (CL) 
+ 

Nigella 

sativa (NG) 

R 

 
S 

E  1:1 v/v Protector 

against 
Adriamycin 

Animals and 

tissue 
cultured: 

Biochemical 

assessment 
Histopathologi

cal 

examination 

Ethanolic 

extrdeteract 
of CL and NS 

resulted in 

protector 
effect on 

damaged 

renal tissue. 

Curcumin 

Thymoquinone  

Mohebbati 

et al., 2017 

Curcuma 
longa 

(AgNPs) 

+ 
Zingiber 

officinale 
(AgNPs) 

R A 1:5 v/v  
20 mL of 

1M 

AgNO3 
and 80 mL 

of extract  

Anticancer In vitro 
anticancer 

activity 

AgNPs 
synthesized 

show 

potential 
anticancer 

activity in 
human colon 

carcinoma 

cells (HT-
29). 

ND Venkatadri 
et al., 2020 

Sumac (Rhus 

hirta) 

+ 
 Raspberry 

(Rubus 

strigosus) 

FR M 1:1 v/v Anticancer 

Antioxidant 

Antioxidant 

capacity 

Cytotoxic 
activity 

The mixture 

was the most 

inhibitory 
cell 

proliferation 

that sumac 
and raspberry 

individuals. 

ND Wang et al., 

2014 

Laurus 
nobilis 

(LNEO) 

+ 

L EO Binary 
mixtures: 

1:1, 1:2, 

and 2:1 

Anticholinester
asa 

Antioxidant 

Anticholineste
rase activity 

DPPH 

ABTS 

LNEO 
interacts 

synergisticall

y very 
strongly with 

LNEO: 1,8-
cineole, 

linalool, 

camphene, 
sabinene, 

Yakoubi et 
al., 2021 
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Lavandula 
stoechas 

(LSEO) and 

Mentha 
pulegium 

(MPEO) 

Ternary 
mixtures: 

1:1:1, 

2:1:1, 
1:2:1, and 

1:1:2 

LSEO or 
MPEO in a 

ratio of 2:1. 

methyl 
eugenol, 

eugenol, and α-

pinene 

Fourteen 
medicinal 

plants 

Genres: 
Artemisia, 

Hyssopus, 

Lavandula, 
Lippia, 

Mentha, 

Tanacetum, 
and Thymus 

L EO Binary 
combinati

on  

1:1 w/w 

Anti-
trypanosomal 

Determination 
of anti-

trypanosomal 

activity 

Mentha 
rotundifolia, 

Hyssopus 

officinalis, 
Thymus 

vulgaris, 

Thymus zygis 
showed 

antitrypanoso

mal activity 

Piperitenone 
oxide, 

terpinene-4-ol 

1,8-cineole, β-
pinene, 

pinocanfone, 

sabinene, α-
pinene, 

carvacrol 

Thymol, p-
cymene, γ-

terpinene, 

linalool 

Guardo et 
al., 2017 

Curcumin 
Flavone 

Resveratrol 

+ 
Drugs: 

Anthelmintic 
(flubendazol

e and 

praziquantel) 
Anticancer 

(imatinib and 

vandetanib) 

- - 1:1 Antischistosom
al activity 

Antischistoma
l activity based 

on a host-

parasite 
Bioamphalari

a glabrata 

Antioxidants 
exhibit an 

antischistoso

mal effect. 
Also, many 

antioxidants 
improved the 

action of 

anthelmintic 
drugs. 

ND Gouveia et 
al., 2019 

β-
caryophyllen

e, 

cinnamaldeh
yde, and 

eugenol of 

cinnamon  
+ 

β-

caryophyllen
e, 

cinnamaldeh

yde and 
eugenol of 

clove 

- Componen
ts 

commercia

lly 
obtained 

1:1 Anti-biofilm Determination 
of biofilm 

eradication 

activity 
against 

preformed 

biofilms 

Inhibition 
formation of 

biofilm of 

Listeria 
monocytogen

es and 

Salmonella 
typhimurium 

 Purkait et 
al., 2020 

Syzygium 
aromaticum  

Cymbopogon 

citratus 
Aeollanthus 

heliotropioid

e 

F 
L 

AP 

EO 
 

 

EO 

NM Antifungal  
 

Anti-biofilm 

Determination 
of antifungal 

activity 

In vitro anti-
biofilm 

activity assay 

The 
combinations 

of essential 

oils exhibited 
an anti-

biofilm and 

antifungal 
activity 

against 

Candida spp. 

Linalool 
β-famesene 

α-

caryophyllene 
Terpineol 

Germacrene 

Eugenol 
Geranial 

Citronellol 

γ-
dodecalactone 

Ngo-Mback 
et al., 2020 

Fennel: 

Foeniculum 
vulgare Mill 

+ 

Calcium 

sennosides 

(senna 

leaves) 

S Commerci

ally 
obtained 

250 

µg/mL of 
sennoside

s and 200 

µg/mL of 

fennel 

Antioxidant 

Anti-
inflammator 

 Anti-

mutagenic 

Living cell 

(human 
lymphocyte 

cultures) 

Treatment 

against 
oxidative and 

inflammation 

effects of 

ionizing 

radiation. 

ND Farid et al., 

2020 

Piper nigrum 
+ 

Electrical 

pulses 

F E - Provide cell 
death of breast 

cancer 

Total phenolic 
contents 

Cytotoxic 

activity 

The 
application of 

electrical 

pulses aids 
achieving 

Caryophyllene 
Piperine 

Piperidine 

Isobutylhexade
ca 

Poompavai 
& Gowri, 

2021 
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3. Results and discussion 

Studies of medicinal plants used together 

showed a synergistic effect in cardiovascular, 

antioxidants, antibacterial, 

antihyperlipidemic, insecticide, anticancer, 

anticholinesterase, anti-biofilm activities, 

among others (Table 1). Leaves, seeds, 

rhizomes, fruits, flowers, bark, bud, stem 

bark, and were plant parts used for extracts 

preparation. No in all studies the 

phytochemicals were identified, but these 

could be responsible for the observed 

activities. 

 

Cardiovascular studies show that the effect of 

the combination provide better effects that 

individual extracts. Synergy has even been 

evaluated within in silico assays; this strategy 

permits better molecules election before 

testing in vivo or in vitro tests (Dana et al., 

2019). Wang et al. (2012) mention that the 

synergic effect between bioactive compounds 

of RSM and other three plants could act on 

same targets (Table 1). For example, 39 

compounds of RSM and 9 of RPL can be 

modulated prostaglandin G/H synthase 2. A 

total of 118 compounds 40 in RSM, 44 in 

RAM, 12 in RPL, and 14 in ROJ were utilized 

to synergies interactions. Hibiscus acid is a 

compound with cardiovascular activity. 

 

Antioxidants potentiate the effects of drugs 

(Table 1), such as ARI that increase its oral 

bioavailability due to that GFJ inhibited 

CYP3A4 and CYP2D6 iso-enzymes that 

participate on the elimination of ARI (Zargar 

et al., 2018). Other authors have also 

considered synergies possible between other 

molecules. Palmitoylethanolamide (PEA) 

and natural antioxidants, for example, 

flavonoids (polydatin, luteolin anthocyanins, 

among others) that could enhance its 

pharmacology effects, firstly the anti-

inflammatory (Peritore et al., 2019). The 

regulating pathways that modulate the anti-

inflammatory effect have also been studied in 

synergies. Lee et al., (2020) analyzed 

ethanolic extracts Allium hookeri (A. hookeri) 

and Curcuma longa (C. longa) mediated 

animal study, immunohistochemical, 

immunofluorescence analyses and western 

blotting. They concluded that A. hookeri and 

C. longa co-treatment (3:7) modulate the 

COX-2 and NF-kB pathways. This 

modulation suppressed these pathways that 

controls various stages of inflammation (pro-

inflammatory cytokines and TNF-α). 

 

Also, curcumin has been reported to reduces 

renal injury; caused for drugs such as 

Adriamycin. Other compounds, such as 

thymoquinone functions protective agent on 

nephrotic syndrome (Mohebbati et al., 2017). 

 

Bioactive compounds and antidiarrheal drugs 

can be present synergy for their action 

mechanisms. For example, antidiarrheal 

drugs have a specific mechanism action, but 

bioactive compounds have different 

mechanisms. By combining them modulate 

different biochemical pathways and act on 

different targets in the intestine (Jedidi et al., 

2019). 

 

Food industries could be beneficiated for the 

synergy between compounds bioactive of 

plants and synthetic antioxidants. This 

synergy could be decreased lipid oxidation; 

factor that produce deterioration of oils and 

antioxidant 
and phenolic-

rich extracts 

2,4-dienamide 
Piperlonggumi

nine 

Ianceol 
Curlone 

F: Flower, L: leaves, S: Seed, R: Rhizome, FR: Fruit, BA: Bark, B: Bud, BU: Bulb, M: Microalga, MU: Mushroom, MY: Mycelium, FB: Fruit 

body, SB: Stem bark, ST: Stem, AP: Aerial parts, E: Ethanol, A: Aqueous, M: Methanol, DCM: Dichloromethane, PE: Petroleum ether, EO: 
Essential oil, NF: Nanostructured formulations, HG: Hydrogel, NLC: Nanostructured lipid carriers, NM: No mention, ND: No determined, 

AgNPs: silver nanoparticles. 
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fat containing products (Keramat et al., 

2016). Moreover, the growth of biofilms in 

food industry increases the opportunity of 

contamination of products. Finding 

compounds that present anti-biofilm activity 

could help this problem. Purkait et al., (2020) 

reported that the cinnamaldehyde/eugenol 

combination is against preformed biofilm in 

Listeria monocytogenes (Table 1). In the 

study of Ngo-Mback et al. (2020) anti-biofilm 

activity against Candida spp could be 

attributed to size and chemical composition 

of compounds. These characteristics should 

damage organic structure and biofilm. 

Antifungal activity is generated by the 

interference in ergosterol biosynthesis, the 

major component in the membrane of fungi. 

This information could be utilized to design 

antioxidant, antibacterial, and antifungal 

natural products. 

 

 The conventional anticancer treatments 

(chemotherapy and radiation) kill cancer cell 

but damaging normal cell at the same time 

(Wang et al., 2014). Utilizing combination 

mixtures of extracts or bioactive compounds 

could contribute to the design of alternative 

therapies with effective results at an 

affordable cost and decreasing the drug´s 

dosage. For example, the combination of 

curcumin with other compounds decreases 

proliferative factors related to different types 

of cancer (Hosseini-Zare et al., 2020). 

 

Antibacterial and antiparasitic activity is 

another investigation line of synergistic 

interactions with interesting results for the 

clinical area in the development of drugs 

(Table 1). For example, in the study of 

Gouveia et al. (2019) reported that the 

synergistic effect between antioxidants and 

drugs can be associated with diverse targets 

in Schistosomiasis or mechanisms of action. 

The combination blocked or inhibited 

parasite development. This information could 

be used to development of drugs for 

prophylaxis and applied in regions with high 

levels of reinfection. In the case of multidrug-

resistant bacterial strains are serious problem 

that generates development of new antibiotics 

and investigation of compounds with 

antibacterial activity. Antibacterial synergy is 

based on the principle of increasing efficacy, 

reducing toxicity, decreasing adverse effects, 

increasing bioavailability, decreasing doses, 

and reducing advances in antimicrobial 

resistance (van Vuuren & Viljoen, 2011). 

 

These studies suggest that combination 

mixtures show synergy with better biological 

activities than the use of individual extracts or 

compounds. However, further detailed 

studies should be conducted to determine the 

specific mechanism of action. 

 

3.1 Considerations of synergy studies 

Phytochemicals could be present low 

biological effects due to several factors, such 

as mixture inappropriate or if the participant 

compounds bond with the hydrogen of the 

hydroxyl groups, decreasing their ability to 

capture free radicals decreases (Phan et al., 

2018). The content of secondary metabolites 

depends on the type of plants used and their 

growing conditions (soil type, nutrients, 

clime, geography localization, among others). 

For example, the increasing temperature 

might cause stress in the plants and alter the 

production of bioactive compounds 

(Cahyaningsih et al., 2021). Solvent types are 

an important factor due to their physical 

properties, as polarity influences the affinity 

of metabolites during extraction process. 

Polar and semi-polar metabolites secondary 

of plants can be extracted using polar solvents 

(water, ethanol, and methanol) and nonpolar 

metabolites are extracted using nonpolar 

solvents (Abubakar & Haque, 2020; Seetaloo 

et al., 2019). The proportion of mixture and 

administered doses influences on synergy 

assays, Guardo et al. (2017) indicated the 

existence of synergistic and antagonistic 
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effect depends in the concentration level 

administered on anti-trypanosomal activity. 

 

Also, antioxidants interact even with 

macromolecules, such as blood proteins, 

digestive enzymes, or intestinal transport, 

including with food matrices (Claudie et al., 

2013; Gonzales et al., 2015). These 

interactions might increase or decreased its 

biological activities and bioavailability 

(Wang et al., 2014; Yang et al., 2011). For 

example, food matrices can cause variation in 

the bioavailability of anthocyanins by 

affecting their absorption and antioxidant 

capacity. Their properties will influence a 

possible competition for their absorption or 

cellular transport; therefore, it is essential to 

isolate the polyphenols of other soluble 

compounds before use to increase synergistic 

interactions safely (Claudie et al., 2013; 

Gonzales et al., 2015; Herranz-López et al., 

2012; Yang et al., 2011). 

 

Furthermore, other factors influence in the 

interrelations of bioactive molecules of plants 

or combination with other compounds. 

Toxicity must be evaluated, the main methods 

to evaluate the safety of bioactive substances 

are toxicological studies, such as 

immunotoxicity, cardiotoxicity, 

nephrotoxicity, neurotoxicity, among others 

(Espinoza et al., 2017). Despite the interest in 

the effects of the combination of mixture of 

plants, there is still the absence of protocols 

related to which model of reference is 

appropriate to study the effects of the 

combination, this makes it difficult to the 

studies, and quality and safety standards 

should also be stablished (Caesar & Cech, 

2019). 

 

4.Conclusion 

The synergy between bioactive compounds 

present in plants is the line of research open 

to future studies with favourable 

contributions to health well-being. Synergy 

presents potential importance across many 

disciplines, like pharmaceutical, 

nutraceutical, environmental, agriculture, and 

food industry. For example, in the 

pharmaceutical development of antibacterial, 

antiparasitic, and antifungal drugs. In the 

nutraceutical to design new alternative 

therapies. In the environment and agriculture 

to develop natural insecticides for crop 

protection. The food industry can apply 

substances against pathogens of food 

products and antioxidants to protect against 

lipidic oxidation. 

 

Additionally, it is necessary to investigate the 

mechanisms of action of synergy, these 

provide information on its effects on the 

body, to identify appropriate doses and safety 

of bioactive compounds combination. 

Finally, it is critical to collect all possible 

elements that may impede or influence 

synergistic interactions to obtain the best 

possible effects of bioactive compounds 

synergy. 

 

Conflict of interest statement 

The authors declare that there is no conflict of 

interest. 

 

Acknowledgements 

The authors thank Consejo Nacional de 

Ciencia y Tecnología (CONACYT) for its 

support for the development and publication 

of this article. 

 

References 

1. WHO. 2021. “Noncommunicable 

diseases”. https://www.who.int/news-

room/fact-sheets/detail/noncommunicable-

diseases 

2. Acosta-Recalde, P., Lugo, G., Vera, Z., 

Morinigo, M., Maidana, G. M., Samaniego, 

L. “Uso de plantas medicinales y fitoterápicos 

en pacientes con Diabetes Mellitus tipo 2”. 

Mem. Inst. Investig. Cienc. Salud, 16(2), 6-

11. 10.18004/Mem.iics/1812-9528 



Año: 10, No. 57   Julio - Agosto 2022 

12 

3. Seetaloo, A. D., Aumeeruddy, M. Z., 

Rengasamy Kannan, R. R., & 

Mahomoodally, M. F. 2019. “Potential of 

traditionally consumed medicinal herbs, 

spices, and food plants to inhibit key digestive 

enzymes geared towards diabetes mellitus 

management — A systematic review”. South 

African Journal of Botany, 120, 3–24. 

https://doi.org/10.1016/J.SAJB.2018.05.015 

4. De los Ángeles, M., Minchala-Urgilés, R. 

E., Ramírez-Coronel, A. A., Aguayza-

Perguachi, M. A., Torres-Criollo, L. M., 

Romero-Sacoto, L. A., Pogyo-Morocho, G. 

L., Sarmiento-Pesántez, M. M., González-

León, F. M., Abad-Martínez, N. I., Cordero-

Zumba, N. B., & Romero-Galabay, I. M. 

2020. “La medicina herbaria como 

prevención y tratamiento frente al COVID-

19”. Archivos Venezolanos de Farmacologia 

y Terapeutica, 39(8), 948–953. 

http://doi.org/10.5281/zenodo.4543573948 

5. Mazumder, M. E. H., Rahman S. 2008- 

“Pharmacological Evaluation of Bangladeshi 

Medicinal Plants for Antioxidant Activity”. 

Pharm Biol, 46, 704–709. 

https://doi.org/10.1080/13880200802215735 

6. Reyes-Munguía, A., Carrillo-Inungaray, 

M. L., Carranza-Álvarez, C., Pimentel-

González, D. J., Alvarado-Sánchez, B. 2016. 

“Antioxidant activity, antimicrobial and 

effects in the immune system of plants and 

fruits extracts”. Front LIFE Sci, 9(2), 90–8. 

http://dx.doi.org/10.1080/21553769.2015.11

04388 

7. Wang, X., Xu, X., Tao, W., Li, Y., Wang, 

Y., Yang, L. 2012. “A systems biology 

approach to uncovering pharmacological 

synergy in herbal medicines with applications 

to cardiovascular disease”. Evid Based 

Complement Alternat Med, 2012, 519031. 

https://doi.org/10.1155/2012/519031 

8. Caesar, L. K, Cech. N. B. 2019. “Synergy 

and antagonism in natural product extracts: 

when 1 + 1 does not equal 2”. Nat Prod Rep, 

36(6), 869–888. 

https://doi.org/10.1039/c9np00011a 

9. Shan, Z. J., Ye, J. F., Hao, D. C., Xiao, P. 

G., Chen, Z. D., & Lu, A. M. 2021. 

“Distribution patterns and industry planning 

of commonly used traditional Chinese 

medicinal plants in China”. Plant Diversity. 

https://doi.org/10.1016/J.PLD.2021.11.003 

10. Secretaría de Medio Ambiente y Recursos 

Naturales. 2021. “Plantas medicinales de 

México”. 

https://www.gob.mx/semarnat/articulos/plant

as-medicinales-de-mexico?idiom=es 

11. Santillán, M.L. 2012. “The traditional use 

of medicinal plants, a contribution to 

science”. 

http://ciencia.unam.mx/leer/97/El_uso_tradic

ional_de_las_plantas_medicinales_un_aport

e_para_la_ciencia 

12. 1Abubakar, A. R., & Haque, M. 2020. 

“Preparation of Medicinal Plants: Basic 

Extraction and Fractionation Procedures for 

Experimental Purposes”. Journal of 

Pharmacy & Bioallied Sciences, 12(1), 1–10. 

https://doi.org/10.4103/jpbs.JPBS_175_19 

13. Hęś, M., Dziedzic, K., Górecka, D., 

Jędrusek-Golińska, A., & Gujska E. 2019. 

“Aloe vera (L.) Webb.: Natural Sources of 

Antioxidants –A Review”. Plant foods for 

human nutrition (Dordrecht Netherlands), 

74(3), 255-265. 

https://doi.org/10.1007/s11130-019-00747-5 

14. Belščak-Cvitanović, A., Durgo, K., 

Huđek, A., Bačun-Družina, V., & Komes, D. 

2018. “Overview of polyphenols and their 

properties”. Polyphenols Prop Recover Appl, 

1, 3–44. https://doi.org/10.1016/B978-0-12-

813572-3.00001-4 

15. Liu, Z. Q. 2020. “Bridging free radical 

chemistry with drug discovery: A promising 

way for finding novel drugs efficiently”. Eur 

J Med Chem, 1, 189, 112020. 

10.1016/j.ejmech.2019.112020 



Año: 10, No. 57   Julio - Agosto 2022 

13 

16. Nanda, S., & Madan, K. 2021. “The role 

of Safranal and saffron stigma extracts in 

oxidative stress, diseases and photoaging: A 

systematic review”. Heliyon, 7(2). Available 

from: 

https://doi.org/10.1016/j.heliyon.2021.e0611

7 

17. Hernández-Espinosa, D. R., Barrera-

Morín, V., Briz-Tena, O., González-Herrera, 

E. A., Laguna-Maldonado, K. D., Jardinez-

Díaz, A. S., Sánchez-Olivares, M., & Matuz-

Mares, D. 2019. “El papel de las especies 

reactivas de oxígeno y nitrógeno en algunas 

enfermedades neurodegenerativas”. Rev la 

Fac Med, 62(3), 6–19. 

18. Wang, X. Q., Wang, W., Peng, M., & 

Zhang, X. Z. 2021. “Free radicals for cancer 

theranostics”. Biomaterials, 266, 120474. 

https://doi.org/10.1016/j.biomaterials.2020.1

20474 

19. Razavi, B. M., & Hosseinzadeh, H. 2020. 

“Antioxidant effects of Curcuma longa and 

its active constituent, curcumin, for the 

therapy of neurological disorders”. Oxidative 

Stress Diet Antioxidants Neurol Dis, 1, 249–

69. 10.1016/B978-0-12-817780-8.00017-7 

20. Carvajal, C. 2019. “Especies reactivas del 

oxígeno: formación, funcion y estrés 

oxidativo”. Med Leg Costa Rica, 36(1), 91–

100. 

21. Wen, C., Zhang, J., Zhang, H., Duan, Y., 

& Ma, H. 2020. “Plant protein-derived 

antioxidant peptides: Isolation, identification, 

mechanism of action and application in food 

systems: A review”. Trends Food Sci Technol 

[Internet], 105, 308–322. 

https://doi.org/10.1016/j.tifs.2020.09.019 

22. Fleming, E., & Luo, Y. 2021. “Co-

delivery of synergistic antioxidants from food 

sources for the prevention of oxidative 

stress”. J Agric Food Res, 3. 

https://doi.org/10.1016/j.jafr.2021.100107 

23. Wang, S., & Zhu, F. 2017. “Dietary 

antioxidant synergy in chemical and 

biological systems”. Crit Rev Food Sci Nutr, 

57(11), 2343–2357. 

http://dx.doi.org/10.1080/10408398.2015.10

46546 

24. Alonso-Castro, A. J., Zapata-Morales, J. 

R., Ruiz-Padilla, A. J., Solorio-Alvarado, C. 

R., Rangel-Velázquez, J. E., Cruz-Jiménez, 

G., Orozco-Castellanos, L. M., Domínguez, 

F., Maldonado-Miranda, J. J., Carranza-

Álvarez, C., Castillo-Pérez, L.J., Solano, E., 

Isiordia-Espinoza, M. A., del Carmen Juárez-

Vázquez, M., Argueta-Fuertes, M. A., 

González-Sánchez, I., & Ortiz-Andrade, R. 

2017. “Use of medicinal plants by health 

professionals in Mexico”. Journal of 

Ethnopharmacology, 198, 81–6. 

https://doi.org/10.1016/j.jep.2016.12.038 

25. 2Wang, T., Li, Q., & Bi, K. 2018. 

“Bioactive flavonoids in medicinal plants: 

Structure, activity and biological fate”. Asian 

Journal of Pharmaceutical Sciences, 13(1), 

12–23. 

https://doi.org/10.1016/j.ajps.2017.08.004 

26. Pereira C, Barreira J. C. M., Calhelha, R. 

C., Lopes, M., Queiroz, M. J. R. P., Vilas-

Boas, M., Barros, L.,& Ferreira, I. C. 2015. 

“Is honey able to potentiate the antioxidant 

and cytotoxic properties of medicinal plants 

consumed as infusions for hepatoprotective 

effects”. Food & Function, 6(5), 1435–42. 

https://doi.org/10.1039/c4fo01206b 

27. Venkatadri, B, Shanparvish, E, 

Rameshkumar, M. R, Arasu, M. V, Al-Dhabi, 

N. A, Ponnusamy, V. K, & Agastian, P. 2020. 

“Green synthesis of silver nanoparticles using 

aqueous rhizome extract of Zingiber 

officinale and Curcuma longa: In-vitro anti-

cancer potential on human colon carcinoma 

HT-29 cells”. Saudi J Biol Sci, 27(11), 2980–

2986. 

https://doi.org/10.1016/j.sjbs.2020.09.021 



Año: 10, No. 57   Julio - Agosto 2022 

14 

28. Dimitrijevic-Brankovic, S., Mihajlovski, 

K., Antonović, D., Milanović-Stevanović, 

M., & Mijin, D. 2007. “A study of the 

synergistic antibacterial effects of a sub-lethal 

dose of lactic-acid and essential oils from 

Thymus vulgaris L., Rosmarinus officinalis L. 

and Origanum vulgare L”. Food Chem, 104, 

774–782. 

https://doi.org/10.1016/j.foodchem.2006.12.

028 

29. Lachowicz, K. J., Jones, G. P., Briggs, D. 

R., Bienvenu, F. E., Wan, J., Wilcock, A., & 

Coventry, M. T. 1998. “The synergistic 

preservative effects of the essential oils of 

sweet basil (Ocimum basilicum L.) against 

acid-tolerant food microflora”. Lett Appl 

Microbiol, 26, 209–214. 

https://doi.org/10.1046/j.1472-

765x.1998.00321.x 

30. Santiesteban-López, A, Palou, E, & 

López-Malo, A. 2007. “Susceptibility of 

food-borne bacteria to binary combinations of 

antimicrobials at selected a(w) and pH”. J 

Appl Microbiol, 102(2), 486–497. 

https://doi.org/10.1111/j.1365-

2672.2006.03092.x 

31. Yamazaki, K., Yamamoto, T., Kawai, Y., 

& Inoue, N. 2004. “Enhancement of 

antilisterial activity of essential oil 

constituents by nisin and diglycerol fatty acid 

ester”. Food Microbiol, 21(3), 283–289. 

32. Micucci M., Malaguti M., Toschi, T. G., 

Di Lecce, G., Aldini, R., Angeletti, A., 

Chiarini, A., & Budriesi, R. 2015. “Cardiac 

and vascular synergic protective effect of 

Olea europea L. Leaves and Hibiscus 

sabdariffa L. Flower extracts”. Oxid Med 

Cell Longev, 2015(1), 2015. 

https://doi.org/10.1155/2015/318125 

33. Wang, F., Zhao, S., Li, F., Zhang, B., Qu, 

Y, Sun, T., Luo, T., & Li, D. 2014. 

“Investigation of Antioxidant Interactions 

between Radix Astragali and Cimicifuga 

foetida and Identification of Synergistic 

Antioxidant Compounds”. PLoS One, 29(1), 

e87221. 

https://doi.org/10.1371/journal.pone.008722

1 

34. Abu-Serie, M. M., Habashy, N. H., & 

Attia, W. E. 2018. “In vitro evaluation of the 

synergistic antioxidant and anti-inflammatory 

activities of the combined extracts from 

Malaysian Ganoderma lucidum and Egyptian 

Chlorella vulgaris”. BMC Complement 

Altern Med, 18(1), 54. 

https://doi.org/10.1186/s12906-018-2218-5 

35. Zargar, S., Al-Majed, A-RA., & Wani, T. 

A. 2018. “Potentiating and synergistic effect 

of grapefruit juice on the antioxidant and anti-

inflammatory activity of aripiprazole against 

hydrogen peroxide induced oxidative stress in 

mice”. BMC Complement Altern Med, 

108(1), 106. https://doi.org/10.1186/s12906-

018-2169-x 

36. Jedidi, S., Rtibi, K., Selmi, S., Aloui, F., 

Selmi, H., Wannes, D., Sammari, H., 

Dhawefi, N., Chaâbane, A., & Sebai, H. 2019. 

“Phytochemical/Antioxidant Properties and 

Individual/Synergistic Actions of Salvia 

officinalis L. Aqueous Extract and 

Loperamide on Gastrointestinal Altering 

Motor Function”. Journal of Medicinal Food, 

22(12), 1235–1245. 

https://doi.org/10.1089/jmf.2019.0051 

37. Keramat, M., Golmakani, M-T., 

Aminlari, M., Seyed, &., Shekarforoush, S., 

Shekarforoush, S. S. 2016. “Essential Oils 

and Their Synergy with Citric Acid on the 

Oxidation of Virgin Olive Oil”. Int J Food 

Prop, 19, 2666–2681. 

http://dx.doi.org/10.1080/10942912.2015.11

26722 

38. Lacatusu, I., Istrati, D., Bordei, N., 

Popescu, M., Seciu, A. M., Panteli, L. M., & 

Badea, N. 2020. “Synergism of plant extract 

and vegetable oils-based lipid nanocarriers: 

Emerging trends in development of advanced 

cosmetic prototype products”. Mater Sci Eng 



Año: 10, No. 57   Julio - Agosto 2022 

15 

C, 108, 110412. 

https://doi.org/10.1016/j.msec.2019.110412 

39. Bag, A., & Chattopadhyay, R. R. 2015. 

“Evaluation of Synergistic Antibacterial and 

Antioxidant Efficacy of Essential Oils of 

Spices and Herbs in Combination”. PLoS 

One, 18557, 1–17. 

https://doi.org/10.1371/journal.pone.013132

1 

40. Vambe, M., Aremu, A. O., 

Chukwujekwu, J. C., Finnie, J. F., & Van 

Staden, J. 2018 “Antibacterial screening, 

synergy studies and phenolic content of seven 

South African medicinal plants against drug-

sensitive and -resistant microbial strains”. 

South African J Bot, 114, 250–259. 

https://doi.org/10.1016/j.sajb.2017.11.011 

41. Sharma, K., Guleria, S., Razdan, V. K., & 

Babu, V. 2020. “Synergistic antioxidant and 

antimicrobial activities of essential oils of 

some selected medicinal plants in 

combination and with synthetic compounds. 

Ind Crops Prod, 154. 

https://doi.org/10.1016/j.indcrop.2020.11256

9 

42. Purkait, S., Bhattacharya, A., Bag, A., & 

Chattopadhyay, R. R. 2020. “Synergistic 

antibacterial, antifungal and antioxidant 

efficacy of cinnamon and clove essential oils 

in combination”. Arch Microbiol, 202(6), 

1439–1448. https://doi.org/10.1007/s00203-

020-01858-3 

43. Purkait, S., Bhattacharya, A., Bag, A., & 

Chattopadhyay, R. B. 2021. “TLC 

bioautography–guided isolation of essential 

oil components of cinnamon and clove and 

assessment of their antimicrobial and 

antioxidant potential in combination”. 

Environ Sci Pollut Res, 28 (1), 1131–1140. 

https://doi.org/10.1007/s11356-020-10559-9 

44. Tak, J-H., Isman, M. B. 2017. 

“Penetration-enhancement underlies synergy 

of plant essential oil terpenoids as 

insecticides in the cabbage looper, 

Trichoplusia ni OPEN”. Nat Publ Gr, 7, 

42432. 10.1038/srep42432 

45. Han, J. M., Lee, J. S., Kim, H. G., Seol, I. 

C., Im, H. J., Cho, J. H., & Son, C.G. 2015. 

“Synergistic effects of Artemisia iwayomogi 

and Curcuma longa radix on high-fat diet-

induced hyperlipidemia in a mouse model”. J 

Ethnopharmacol, 173, 217–224. 

https://doi.org/10.1016/j.jep.2015.07.021 

46. Mohebbati, R., Shafei, M. N., Beheshti, 

F., Soukhtanloo, M., Roshan, N. M., 

Anaeigoudari, A., Parhizgar, S., Hosseinian, 

S., Khazdeir, M.R., Rad, A.K. 2017. “Mixed 

hydroalcoholic extracts of Nigella sativa and 

Curcuma longa improves adriamycin-

induced renal injury in rat”. Saudi Journal of 

kidney Diseases and Transplantation, 28(6), 

1270–1281. https://doi.org/10.4103/1319-

2442.220880 

47. Yakoubi, R., Megateli, S., Hadj, T., 

Bensouici, C., & Bağci, E. 2021. “A 

synergistic interaction of Algerian essential 

oils of Laurus nobilis L., Lavandula stoechas 

L. and Mentha pulegium L. on 

anticholinesterase and antioxidant activities”. 

Biocatal Agric Biotechnol, 31. 

https://doi.org/10.1016/j.bcab.2020.101891 

48. Guardo, N. I., Sainz, P., González-

Coloma, A., Burillo, J., & Martinez-Díaz, R. 

A. 2017. “Trypanocidal Effects of Essential 

Oils from Selected Medicinal Plants. Synergy 

among the Main Components”. Nat Prod 

Commun, 12(5), 709–712. 

49. Gouveia, M. J., Brindley, P. J., Rinaldi, 

G., Gärtner, F., Correia da Costa, J. M., & 

Vale, N. 2019. “Combination 

Anthelmintic/Antioxidant Activity Against 

Schistosoma Mansoni”. Biomolecules, 9(2). 

https://doi.org/10.3390/biom9020054 

50. Purkait, S., Bhattacharya, A., Bag, A., & 

Chattopadhyay, R. R. 2020. “Evaluation of 

antibiofilm efficacy of essential oil 



Año: 10, No. 57   Julio - Agosto 2022 

16 

components β-caryophyllene, 

cinnamaldehyde and eugenol alone and in 

combination against biofilm formation and 

preformed biofilms of Listeria 

monocytogenes and Salmonella 

typhimurium”. Lett Appl Microbiol, 71(2), 

195–202. https://doi.org/10.1111/lam.13308 

51. Ngo-Mback, M. N. L., Babii, C., Jazet 

Dongmo, P. M., Kouipou Toghueo, M. R., 

Stefan, M., & Fekam Boyom, F. 2020. 

“Anticandidal and synergistic effect of 

essential oil fractions from three aromatic 

plants used in Cameroon”. J Mycol Med, 

30(2). 

https://doi.org/10.1016/j.mycmed.2020.1009

40 

52. Farid, A., Kamel, D., Abdelwahab 

Montaser, S., Ahmed, M. M., Amir, M.E. l., 

& Amir, A. E. l. 2020. “Synergetic role of 

senna and fennel extracts as antioxidant, anti-

inflammatory and anti-mutagenic agents in 

irradiated human blood lymphocyte 

cultures”. Journal of Radiation Research and 

Applied Sciences, 13. 

https://doi.org/10.1080/16878507.2020.1723

948 

53. Poompavai, S., & Gowri Sree, V. 2021. 

“Synergy of Electrical Pulses and Black 

Pepper (Piper nigrum) Extracts for Effective 

Breast Cancer Treatment: An in Vitro Model 

Study”. IETE Journal Research. 

https://doi.org/10.1080/03772063.2021.1896

977 

54. Dana, H., Mahmoodi Chalbatani, G., 

Gharagouzloo, E., Miri, S. R., Memari, F., 

Rasoolzadeh, R., Zinatizadeh, M. R., 

Kheirandish Zarandi, P., & Marmari, V. 

2020. “In silico Analysis, Molecular 

Docking, Molecular Dynamic, Cloning, 

Expression and Purification of Chimeric 

Protein in Colorectal Cancer Treatment”. 

Drug Design, Development and Therapy, 14, 

309–329. 

https://doi.org/10.2147/DDDT.S231958 

55. Peritore, A. F., Siracusa, R., Crupi, R., & 

Cuzzocrea, S. 2019. “Therapeutic Efficacy of 

Palmitoylethanolamide and Its New 

Formulations in Synergy with Different 

Antioxidant Molecules Present in Diets”. 

Nutrients, 11(9). 

https://doi.org/10.3390/nu11092175 

56. Lee, S. Y., Cho, S. S., Li, Y. C., Bae, C. 

S., Park, K. M., & Park, D. H. 2020. “Anti-

inflammatory Effect of Curcuma longa and 

Allium hookeri Co-treatment via NF-κB and 

COX-2 Pathways”. Scientific Reports, 10(1), 

1–11. https://doi.org/10.1038/s41598-020-

62749-7 

57. Hosseini-Zare, M. S., Sarhadi, M., Zarei, 

M., Thilagavathi, R., & Selvam, C. 2021. 

“Synergistic effects of curcumin and its 

analogs with other bioactive compounds: A 

comprehensive review”. European Journal of 

Medicinal Chemistry, 210, 113072. 

https://doi.org/10.1016/J.EJMECH.2020.113

072 

58. van Vuuren, S., & Viljoen, A. 2011. 

“Plant-based antimicrobial studies--methods 

and approaches to study the interaction 

between natural products”. Planta Med, 77, 

1168–1182. Available from: 

https://doi.org/10.1055/s-0030-1250736 

59. Phan, M. A. T., Paterson, J., Bucknall, M., 

& Arcot, J. 2018. “Interactions between 

phytochemicals from fruits and vegetables: 

Effects on bioactivities and bioavailability”. 

Crit Rev Food Sci Nutr, 58(8), 1310–1329. 

https://doi.org/10.1080/03772063.2021.1896

977 

60. Cahyaningsih, R., Phillips, J., Magos 

Brehm, J., Gaisberger, H., & Maxted, N. 

2021. “Climate change impact on medicinal 

plants in Indonesia”. Global Ecology and 

Conservation, 30, e01752. 

https://doi.org/10.1016/J.GECCO.2021.E017

52 



Año: 10, No. 57   Julio - Agosto 2022 

17 

61. Claudie, D., Alexandrine, D., Bertrand, 

C., Franck, T., Marie-Josephe, A. 2013. 

“Citrus flavanones enhance carotenoid 

uptake by intestinal Caco-2 cells”. Food 

Funct, 4(11), 1625–1631. 

https://doi.org/10.1039/c3fo60212e 

62. Gonzales, G. B., Smagghe, G., Grootaert, 

C., Zotti, M., Raes, K., & Van Camp, J. 2015. 

“Flavonoid interactions during digestion, 

absorption, distribution and metabolism: a 

sequential structure-activity/property 

relationship-based approach in the study of 

bioavailability and bioactivity”. Drug Metab 

Rev, 47(2), 175–190. 

https://doi.org/10.3109/03602532.2014.1003

649 

63. Yang, M., Koo, S. I., Song, W. O., & 

Chun OK. 2011. “Food matrix affecting 

anthocyanin bioavailability: review”. Curr 

Med Chem, 18(2), 291–300. 

https://doi.org/10.2174/09298671179408838

0 

64. Herranz-López, M., Fernández-Arroyo, 

S., Pérez-Sanchez, A., Barrajón-Catalán, E., 

Beltrán-Debón, R., Menéndez, J. A., Alonso-

Villaverde, C., Segura-Carretero, A., Joven, 

J., Micol, V. 2013. “Synergism of plant-

derived polyphenols in adipogenesis: 

Perspectives and implications”. 

Phytomedicine, 19 (3–4), 253–261. 

https://doi.org/10.1016/j.phymed.2011.12.00

1 

65. Espinoza, H., García, Z. Y., & García, E. 

2017. “Avances en la seguridad y actividad 

biológica de sustancias bioactivas y 

probióticos [Internet]”. Centro de 

Investigación y Asistencia en Tecnología y 

Diseño del Estado de Jalisco, A.C. 

https://ciatej.mx/files/divulgacion/divulgacio

n_5a43b8672923a.pdf. 


