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Abstract: The fruits, leaves, and bark of the guava (Psidium guajava) tree have traditionally been 

used to treat a myriad of ailments, especially in the tropical and subtropical regions. The various 

parts of the plant have been shown to exhibit medicinal properties, such as antimicrobial, antioxi-

dant, anti-inflammatory, and antidiabetic activities. Recent studies have shown that the bioactive 

phytochemicals of several parts of the P. guajava plant exhibit anticancer activity. This review aims 

to present a concise summary of the in vitro and in vivo studies investigating the anticancer activity 

of the plant against various human cancer cell lines and animal models, including the identified 

phytochemicals that contributes to their activity via the different mechanisms. In vitro growth and 

cell viability studies, such as the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay, the sulforhodamine B (SRB) assay, and the trypan blue exclusion test, were conducted 

using P. guajava extracts and their biomolecules to assess their effects on human cancer cell lines. 

Numerous studies have showcased that the P. guajava plant and its bioactive molecules, especially 

those extracted from its leaves, selectively suppress the growth of human cancer cells without cyto-

toxicity against the normal cells. This review presents the potential of the extracts of P. guajava and 

the bioactive molecules derived from it, to be utilized as a feasible alternative or adjuvant treatment 

for human cancers. The availability of the plant also contributes towards its viability as a cancer 

treatment in developing countries. 
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1. Introduction 

Psidium guajava, commonly known as the guava plant, is a small evergreen shrub 

belonging to the Myrtaceae family [1]. The Caribbean and Central and South America are 

the native origin of this plant [2], but it has now been widely cultivated around the world, 

particularly in the tropical and subtropical regions for its fruit [3]. The P. guajava plant is 

a small tree that grows nearly up to 6 m in height, branching out close to the ground with 

large thin flakes of bark that peel off revealing a smooth, green layer beneath (Figure 1a). 

The leaves are oval or oblong-elliptic-shaped, with the bottom surface having prominent 

veins growing in an opposite arrangement on the stems, and are aromatic when crushed 

(Figure 1b). The plant bears faintly fragrant white flowers in singles or clusters with four 

or five petals and a prominent tuft of white stamens. The fruits range in size and shape 

(round, ovoid, or pear-shaped, with thin, light-yellow or green skin and many small, hard 

seeds (Figure 2a)). The flesh of the fruit is granular and can either be white, pink, or red 

(Figure 2b) [1,4]. 
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Figure 1. Photographs depicting (a) the whole Psidium guajava (guava) plant and (b) a close-up of 

the leaves. 
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Figure 2. Photographs depicting (a) a close-up of unripe Psidium guajava (guava) fruits on the plant 

and (b) a cross-section of a ripe guava fruit. 

The leaves, fruits, barks, and roots of the P. guajava plant have been traditionally used 

in Africa, Asia, and South America for treating various ailments, either as a topical appli-

cation or orally as a decoction, infusion, and boiled preparation. Due to their antibacterial 

and analgesic properties, these preparations were used to treat diabetes mellitus, hyper-

tension, obesity, rheumatism, and gastrointestinal diseases like diarrhea and stomachache 

[5]. The medicinal properties of the leaves and fruits of the P. guajava plant can be at-

tributed to the high amount of carotenoids, essential oils, flavonoids, phenolic com-

pounds, and vitamins [6]. 

Recently, the World Health Organization (WHO) has highlighted that cancer is the 

second leading cause of death globally, with a prediction of 9.6 million deaths in 2018 [7]. 

With the growing global cancer burden, approximately 70% of cancer deaths occur in low- 

and middle-income countries, where the health systems of these countries are the least 

prepared to manage this alarming health risk [7]. Therefore, the development of econom-

ical cancer treatment solutions is urgently needed. Nature has provided us with still un-

tappable resources with potential health benefits. Among them, various parts of P. guajava 

have been recently gaining attention for their anticancer properties [8–10]. 

Numerous in vitro studies have been performed to assess the anticancer potential of 

different parts of the P. guajava plant. The anticancer potential of an extract is usually eval-

uated using in vitro assays, such as the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-

lium bromide (MTT) assay, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-

(4-sulfopheny)-2H-tetrazolium (MTS) assay, the sulforhodamine B (SRB) assay, thymi-

dine incorporation assay, and the trypan blue exclusion test, to assess their cytotoxicity 

towards cancer cell lines. The MTT assay is a colorimetric assay commonly used to assess 

metabolic activity, which reflects the number of metabolically active and viable cells pre-

sent. MTT is a yellow dye that is readily taken up by viable cells due to its water-soluble 
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nature, which gets reduced into the purple-colored formazan in the mitochondria. The 

formazan crystals formed would be dissolved using an organic solvent like dimethyl sul-

foxide; then, the number of viable cells can be measured using a spectrophotometer based 

on the amount of formazan formed [11]. The MTS assay is similar to the MTT assay but 

with tetrazolium salts that can be reduced by viable cells resulting in the generation of 

formazan products directly soluble in a cell culture medium [12]. This property of the 

tetrazolium salts eliminates the media removal and dissolution in the organic solvent, 

which increases the assay accuracy compared to MTT. 

The SRB assay is another colorimetric assay used to determine cell density based on 

the measurement of cellular protein content. The fluorescent dye SRB binds to the proteins 

of the cells under mild acidic conditions. After the excess dye gets washed away, the 

amount of dye taken up by the cells serves as a proxy for cell mass and thus, the number 

of cells in a sample can be measured using a microplate reader [13]. In addition to the SRB 

assay, the neutral red cell cytotoxicity assay is another commonly used colorimetric assay 

to detect cell viability or drug cytotoxicity. Neutral red is a eurhodin dye that can be taken 

up by viable cells and gets incorporated into their lysosome. The incorporated dye can be 

released from the viable cells in an acidified ethanolic solution and the amount of released 

dye serves as a quantitative measurement of the number of viable cells at an optical den-

sity (OD) of 540 nm [14]. 

Another reliable way to evaluate cell proliferation is by quantitatively measuring cel-

lular DNA synthesis. The thymidine incorporation assay is based on the concept of utiliz-

ing the measurement of the radioactive nucleoside, 3H-thymidine, into new strands of 

chromosomal DNA during mitotic cell division [15]. The trypan blue exclusion test is one 

of the earliest methods for measuring cell viability [16]. Trypan blue is a dye that will not 

be absorbed by live cells with intact cell membranes due to their membrane’s selective 

permeability. As live cells do not take up the dye, the number of viable cells and dead 

cells with the stained dye can be distinguished and quantified under a microscope [16]. 

Various chromatographic techniques were utilized to isolate the active biomolecules 

from the P. guajava plant extracts, such as column chromatography, high-performance liq-

uid chromatography (HPLC), and thin layer chromatography (TLC). The isolated biomol-

ecules were then characterized and identified via spectral analyses that include time-of-

flight mass spectrometry (TOFMS), Fourier-transform infrared spectroscopy (FTIR), and 

nuclear magnetic resonance (NMR) spectroscopy [17,18]. Some studies also supplemented 

the NMR spectroscopy with heteronuclear single quantum coherence (HSQC) and hetero-

nuclear multiple bond correlation (HMBC) experiments to obtain further details on the 

structure and dynamics of proteins [18,19]. 

Upon a thorough literature search on PubMed (between 2004 and 2022), a total of 43 

different in vitro studies were conducted on various human cancer cell lines using extracts 

from the leaves, fruits, seeds, barks, branches, and roots of the P. guajava plant. For some 

of those extracts, the active components contributing towards their anticancer activity 

have been identified, either through their contribution towards/against cancer cell apop-

tosis, angiogenesis, and metastasis. In addition, a couple of in vivo studies using the mice 

model have been reported that evaluate the effects of these extracts on solid tumors. 

2. Anticancer Effects of the Psidium guajava Plant 

A list of published studies reporting the in vitro and in vivo anticancer activities from 

the various extracts derived from the different parts of the P. guajava plant, along with the 

bioactive molecules that are associated with their anticancer mechanisms against human 

cancer cell lines are summarized in Table 1, Table 2, and Table 3, respectively. Figure 3 

outlines the various mechanisms and biomolecules involved in the anticancer effects of P. 

guajava plant extracts. 

Table 1. List of P. guajava plant material(s) and the different extracts with in vitro anticancer activity 

against human cancer cell lines. 
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Part of Plant 
Type of Ex-

tracts 
Type of Cancer References 

Leaves 
Dichloro-

methane 

NCI-H460 (lung cancer), MCF-7 (breast 

cancer), HT-29 (colon cancer), PC-3 (pros-

tate cancer), K562 (leukemia), 786-0 (kid-

ney cancer), OVCAR-3, NCI/ADR-RES 

(ovarian cancer), and UACC-62 (mela-

noma) 

Rizzo et al., 2014 

[8] 

Leaves 
Dichloro-

methane 
MCF-7 and MCF-7 BUS (breast cancer) 

Bazioli et al., 2020 

[20] 

Leaves Methanol 

A549 (lung cancer), MCF-7 (breast cancer), 

SMMC-7721 (cervical cancer), and HL60 

(leukemia) 

Gao et al., 2013 

[18] 

Leaves 75% ethanol 
A549 (lung cancer), HeLa (cervical cancer), 

and SGC-7901 (gastric cancer)  

Feng et al., 2015 

[21] 

Leaves 

Dichloro-

methane 

and metha-

nol (1:1, v/v) 

MCF-7 (breast cancer) 
Kaileh et al., 2007 

[22] 

Leaves Aqueous MCF-7 (breast cancer) 
Sukanya et al., 

2017 [23] 

Leaves Methanol MCF-7 (breast cancer) 
Manikyam et al., 

2021 [24] 

Leaves 

Petroleum 

ether, meth-

anol, water 

MDA-MB-231 (breast cancer), MG-63 

(bone osteosarcoma) 

Sulain et al., 2012 

[25] 

Leaves Methanol 
MDA-MB-231 (breast cancer), MG-63 

(bone osteosarcoma) 

Sulain et al., 2012 

[25] 

Leaves Aqueous 
MDA-MB-231 (breast cancer), MG-63 

(bone osteosarcoma) 

Sulain et al., 2012 

[25] 

Leaves 

Polyphenol-

rich fraction 

50% ethanol 

(v/v) extract 

COLO320DM (colon cancer) 
Kawakami et al., 

2009 [9] 

Leaves Essential oil HCT116, Caco-2, and SW620 (colon cancer) 
Radice et al., 2017 

[26] 

Leaves 70% ethanol HCT116 and HT-29 (colon cancer) 
Zhu et al., 2019 

[19] 

Leaves 
Aqueous, 

Ethanol 
HCT116 (colon cancer) Lok et al., 2020 [27] 

Leaves Ethanol 
RKO-AS45-1 (colorectal cancer) and HeLa 

(cervical cancer) 

Braga et al., 2014 

[28] 

Leaves Aqueous DU145 (prostate cancer) 

Chen et al., 2007 

[29]; Chen et al., 

2009 [30] 

Leaves Aqueous DU145 (prostate cancer) 
Peng et al., 2011 

[31] 

Leaves Aqueous LNCaP (prostate cancer) 
Chen et al., 2010 

[32] 

Leaves 
Hexane frac-

tion of 
PC-3 (prostate cancer) 

Ryu et al., 2012 

[33] 
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methanol 

extract 

Leaves 

80% aque-

ous metha-

nol 

HepG2 (liver cancer) 
Nguyen et al., 2019 

[34] 

Leaves Methanol HeLa (cervical cancer) 
Joseph and Priya, 

2010 [35] 

Leaves Essential oil HeLa (cervical cancer) 
Joseph et al., 2010 

[36] 

Leaves Aqueous 
HeLa (cervical cancer) and KB (mouth epi-

dermal cancer) 

Fathilah et al., 2010 

[37] 

Leaves 

Hexane frac-

tion of 

methanol 

extract 

Kasumi-1 (leukemia) 
Levy and Carley, 

2012 [38] 

Leaves Essential oil 
P388 (leukemia) and KB (mouth epidermal 

cancer) 

Manosroi et al., 

2006 [10] 

Leaves Hexane 
KBM5 (leukemia), U266 (multiple mye-

loma), and SCC4 (tongue carcinoma) 

Ashraf et al., 2016 

[39] 

Leaves Chloroform U266 (multiple myeloma) 
Ashraf et al., 2016 

[39] 

Leaves 70% ethanol HuCCA (cholangiocarcinoma) 
Phonarknguen et 

al., 2022 [40] 

Fruits 
Petroleum 

ether 

A549 (lung cancer), HCT116 (colon can-

cer), CCRF-CEM (leukemia), DU145 (pros-

tate cancer), and Huh7 (liver cancer) 

Qin et al., 2017 [17] 

Fruits Ethanol MCF-7 (breast cancer) 
dos Santos et al., 

2018 [41] 

Fruits Ethanol MCF-7 (breast cancer) 
Vasconcelos et al., 

2020 [42] 

Fruits Ethanol DU145 (prostate cancer) 
Vasconcelos et al., 

2021 [43] 

Fruits, pulp - 
MCF-7, MDA-MB-231, and MDA-MB-453 

(breast cancer) 

Karia et al., 2019 

[44] 

Fruits Ethanol HL-60 (leukemia) 
Chadarat et al., 

2010 [45] 

Fruits, pulp Acetone 
MDA-MB 231 (breast cancer) and NB4 

(leukemia)  

Bontempo et al., 

2012 [46] 

Fruits Carotenoid 
LNCaP (prostate cancer) and UACC257 

(melanoma) 

Priam et al., 2021 

[47] 

Seeds 
80% Aque-

ous acetone 
EAC (skin cancer) and P388 (leukemia) 

Salib and Michael, 

2004 [48] 

Seeds 
Methanol, 

ethyl acetate 
A549 (lung cancer) 

Nelson et al., 2019 

[49] 

Seeds Aqueous 
MCF-7 (breast cancer), PC-3 (prostate can-

cer) 

Lin and Lin, 2016 

[50], 2020 [51], 

2021 [52] 

Barks Acetone 
MCF-7 (breast cancer), CAL 27 (tongue 

carcinoma) 

Cates et al., 2013 

[53] 

Barks Methanol 
MDA-MB-231 (breast cancer), HCT116 (co-

lon cancer), HepG2 (liver cancer), CCRF-

Mbaveng et al., 

2018 [54] 



Life 2023, 13, 346 7 of 25 
 

 

CEM (leukemia), and U87MG (brain can-

cer) 

Branches Acetone HT-29 (colon cancer) 
Lee and Park, 2010 

[55] 

Leaves, bark, 

and roots 
Ethanol B16 melanoma (skin cancer) Seo et al., 2005 [56] 

 

Figure 3. Summary of the various biomolecules and the different mechanisms involved in the anti-

cancer properties of Psidium guajava plant extracts. This figure was created using Biorender.com. 

2.1. Anticancer Effects of Psidium guajava Leaf Extracts 

An in vitro and in vivo anticancer study of dichloromethane and ethanolic crude ex-

tracts of P. guajava leaves, as well as their fractions, were conducted on nine cancer cell 

lines—the NCI-H460 lung cancer, MCF-7 breast cancer, HT-29 colon cancer, PC-3 prostate 

cancer, K562 leukemia, 786-0 kidney cancer, OVCAR-3 ovarian cancer, NCI/ADR-RES re-

sistant ovarian cancer, and UACC-62 melanoma cell lines [8]. The antiproliferative effects 

of the extracts on these cancer cell lines were investigated using the SRB assay. The di-

chloromethane extract had a more potent antiproliferative activity than the ethanolic ex-

tract. Therefore, the dichloromethane extract was subsequently fractionated, with the frac-

tions evaluated on the cancer cell lines. The crude dichloromethane extract had a good 

effect against the cancer cell lines, with total growth inhibition (TGI) values (the necessary 

concentration for total inhibition of cancer cell proliferation) of 26, 29, 32, 43, 44, 49, 61, 64, 

and 65 μg/mL against the OVCAR-3, PC-3, K562, HT-29, 786-0, NCI/ADR-RES, MCF-7, 
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NCI-H460, and UACC62 cells, respectively. Among the various fractions tested, the frac-

tion designated as PG.(F2-F3).(F6-F9).(F4) was found to be the most active fraction in 

terms of the activity against the cancer cell lines, with TGI values ranging from 1 μg/mL 

for the OVCAR-3 cells to 37 μg/mL for the UACC62 cells. The TGI values of the fraction 

against the K562, NCI/ADR-RES, NCI-H460, HT-29, MCF7, PC-3, and 786-0 cells were 2, 

4, 5, 5, 8, 12, and 28 μg/mL, respectively. Phytochemical purification of the fraction re-

vealed the presence of 4 isomers meroterpenes: guajadial, psidial A, and psiguadials A 

and B (Figure 4) [2]. Guajadial, a meroterpenoid isolated from P. guajava leaves, was 

shown to exhibit antineoplastic activity against non-small-cell lung carcinoma, inhibiting 

the proliferation and migration of the A549 and H1650 lung cancer cell lines. The research 

also showed that guajadial suppresses A549 tumor growth in xenograft mice [57]. From 

the crude dichloromethane guava leaf extract by Rizzo et al., an enriched guajadial frac-

tion was obtained via sequential chromatography. The guajadial fraction was shown to 

have significant selective antiproliferative activity against MCF-7 and MCF-7 BUS breast 

cancer cells, with TGI values of 5.59 and 2.27 µg/mL, respectively, as assessed by the SRB 

assay [20]. 

 

Figure 4. Chemical structures of benzophenone, terpenoids, and glycosides with anticancer prop-

erties present in Psidium guajava extracts. 

Table 2. Bioactive molecules that are isolated from P. guajava plant material(s) and their anticancer 

mechanisms against human cancer cell lines. 

Bioactive Mole-

cules of Interest 
Part of Plant 

Type of Cancer 

Cells 

Anticancer  

Mechanism(s) 
References 

3,5-dihydroxy-

2,4-dimethyl-1-
Leaves 

HCT116 and HT-

29 (colon cancer) 

Antiproliferative, apop-

tosis 

Zhu et al., 2019 

[19] 



Life 2023, 13, 346 9 of 25 
 

 

O-(6’-O-galloyl-

β-d-glucopyra-

nosyl)-benzo-

phenone 

4,5-Diepipsidial 

A 
Fruits 

DU145 (prostate 

cancer), Huh7 

(liver cancer) 

Antiproliferative 
Qin et al., 2017 

[17] 

Apigenin Fruits 

LNCaP (prostate 

cancer) and 

UACC257 (mela-

noma) 

Antiproliferative, apop-

tosis, antimigration, 

and immune response 

Priam et al., 

2021 [47] 

Betulinic acid Leaves 
HuCCA (cholangi-

ocarcinoma) 

Antiproliferative and 

apoptosis 

Phonarknguen 

et al., 2022 [40] 

Guajadial Leaves 

A549 and H1650 

(lung cancer), 

MCF-7 and MCF-7 

BUS (breast can-

cer) 

Antiproliferative and 

antimigration 

Rizzo et al., 

2014 [8] 

Guajadial B Fruits 
Huh7 (liver can-

cer) 
Antiproliferative 

Qin et al., 2017 

[17] 

Guajadial D 
Leaves, 

Fruits 

A549 (lung can-

cer), CCRF-CEM 

and HL60 (leuke-

mia), HCT116 (co-

lon cancer), and 

SMMC-7721 (cer-

vical cancer) 

Antiproliferative 

Gao et al., 2013 

[18] and Qin et 

al., 2017 [17] 

Guajadial F Leaves 

A549 (lung can-

cer), MCF-7 (breast 

cancer), HL60 (leu-

kemia), and 

SMMC-7721 (cer-

vical cancer)  

Antiproliferative 
Gao et al., 2013 

[18] 

Guavinoside B Leaves 
HCT116 and HT-

29 (colon cancer) 
Antiproliferative 

Zhu et al., 2019 

[19] 

Guavinoside C 

(Avicularin) 
Leaves 

A549 (lung can-

cer), HeLa (cervi-

cal cancer), and 

SGC-7901 (gastric 

cancer)  

Antiproliferative 
Feng et al., 2015 

[21] 

Kaempferol Leaves 
Kasumi-1 (leuke-

mia) 

Apoptosis, antiangio-

genesis, and antimigra-

tion 

Levy and Car-

ley, 2012 [38] 

Lycopene Fruits 

DU145 (prostate 

cancer), LNCaP 

(prostate cancer), 

MCF-7 (breast can-

cer), and 

UACC257 (mela-

noma) 

Antiproliferative, anti-

oxidative, antiangio-

genesis, and antimigra-

tion 

dos Santos et 

al., 2018 [41], 

Vasconcelos et 

al., 2020 [42], 

Vasconcelos et 

al., 2021 [43], 

and Priam et 

al., 2021 [47] 
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Psiguadial D Fruits 
DU145 (prostate 

cancer) 
Antiproliferative 

Qin et al., 2017 

[17] 

Quercetin Leaves 

A549 (lung can-

cer), HeLa (cervi-

cal cancer), 

Kasumi-1 (leuke-

mia), and SGC-

7901 (gastric can-

cer)  

Antiproliferative, apop-

tosis, and antioxidative 

Feng et al., 2015 

[21] and Levy 

and Carley, 

2012 [38] 

Resveratrol Fruits 
UACC257 (mela-

noma) 

Antiproliferative, apop-

tosis, antiangiogenesis, 

and antimigration 

Priam et al., 

2021 [47] 

Four unusual meroterpenoids were isolated from a methanolic extract of guava 

leaves by Gao et al. The cytotoxicity of the isolated compounds guajadial C, D, E, and F 

were investigated on the A549, MCF-7, HL60, and SMMC-7721 cells (a derivative of the 

cervical cancer HeLa cells) using the MTS assay with minor modifications. All the com-

pounds investigated showed inhibitory effects against the five human cancer cell lines, 

except that guajadial C and D showed no effect on the growth of MCF-7 cells. Guajadial 

E especially exhibited a strong inhibitory effect against the cancer cells, with half-maximal 

inhibitory concentration (IC50) values of 6.30, 7.78, 7.77, and 5.59 μg/mL against the A549, 

MCF7, HL60, and SMMC-7721 cells, respectively [18]. 

From a 75% ethanolic extract of P. guajava leaves, guavinoside C (avicularin) (Figure 

4), guavinoside F, and quercetin were isolated, and evaluated for their cytotoxic activity 

towards A549, HeLa, and the gastric cancer cells. Through the MTT assay, guavinoside C 

was shown to have good inhibitory activity against the A549, HeLa, and SGC-7901 cells 

with IC50 values of 4.277, 7.288, and 3.246 μg/mL, respectively. Guavinoside F also has 

good inhibitory activity with IC50 values of 3.729, 7.011, and 3.513 μg/mL against the SGC-

7901, A549, and HeLa cells, respectively [21]. Quercetin (Figure 5), a flavonoid commonly 

found in many vegetables and fruits, has good inhibition against the SGC-7901 and HeLa 

cells with IC50 values of 7.878 and 10 8.260 μg/mL, respectively [21]. Several studies have 

reported that quercetin inhibits cell proliferation and induces apoptosis in numerous can-

cer cell lines [58–60]. The compounds isolated from the extract also exhibited strong anti-

oxidant activities in the 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis(3-ethylben-

zothiazoline-6-sulfonic acid) (ABTS), and ferric reducing antioxidant potential (FRAP) as-

says [21], which may contribute to their anticancer activity. 

 

Figure 5. Chemical structures of flavonoids and carotenoids with anticancer properties present in 

Psidium guajava extracts. 
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The extracts of 27 indigenous Palestinian plants used in traditional medicine were 

screened for their potential anti-inflammatory and cytotoxic activity. Among the plants, 

the dichloromethane and methanol (1:1, v/v) extract of P. guajava L. leaves were found to 

have the best inhibitory activity on the MCF-7 breast cancer cells with an IC50 value of 55 

μg/mL at 24 h. Upon pretreatment of the guava leaf extract on L929sA fibrosarcoma cells, 

a clear inhibition of the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-

κB) reporter gene expression was observed [22]. Abnormal activation of the NF-κB has 

been implicated in the pathogenesis of cancer through its mediation of genes that regulate 

tumor cell proliferation, survival, and angiogenesis [61]. Further investigation indicates 

that the repression of NF-κB by the guava extract could be at the NF-κB transactivation 

level, as pretreatment with the extract did not affect NF-κB/DNA binding [22]. In another 

investigation, an aqueous P. guajava leaf extract was found to exhibit significant inhibitory 

activity against MCF-7 cell viability at 100 µg, showing the extract’s potential in the treat-

ment of breast cancer [23]. 

A novel terpenoid saponin glycoside isolated from a fraction of a methanolic guava 

leaf extract was assessed for its anticancer activity through the MTT assay. At 400 μg/mL, 

the compound exhibited an average of 99.64% anticancer activity towards MCF-7 cells 

with an IC50 value of 81.50 μg/mL. The compound was also found to exhibit more than 

60% apoptotic activity against breast cancer cells [24]. 

In a study by Sulain et al., the extracts of P. guajava leaves were prepared using pe-

troleum ether, methanol, and water as the solvents. The effects of the extracts were eval-

uated on three cancer cell lines—the HeLa cervical cancer, the MDA-MB-231 breast cancer, 

and the MG-63 bone osteosarcoma cell lines. While all the P. guajava leaf extracts showed 

no antiproliferative activity against HeLa cells, the petroleum ether extract is the most 

effective against MDA-MB-231 cells with an IC50 value of 4.23 µg/mL followed by the 

methanol and water extracts at 18.60 and 55.69 µg/mL, respectively. The petroleum ether 

extract also showed the most inhibitory activity on the cell viability of MG-63 cells, fol-

lowed by the methanol and water extracts with IC50 values of 5.42, 23.25, and 61.88 µg/mL, 

respectively. However, it should be noted that the anticancer effects of the petroleum ether 

and methanol extracts were accompanied by cytotoxic effects against the nonmalignant 

cell Madine Darby canine kidney (MDCK) cells [25]. 

Kawakami et al. demonstrated that a polyphenol-rich fraction of a P. guajava leaf 50% 

ethanol (v/v) extract has growth inhibitory activity on the COLO320DM human colon ad-

enocarcinoma cell line [9], which did not have enzymes that metabolize arachidonic acid 

[62] and overexpressed prostaglandin H synthase (PGHS) isoforms. PGHS is the rate-lim-

iting enzyme in the synthesis of prostaglandins, the bioactive lipids, which plays vital 

roles in cancer cell adhesion, migration, and invasion [63]. The overexpression of PGHS-

1 and -2 increases the DNA synthesis rate in human colon carcinoma cells. The guava leaf 

extract was shown to inhibit the PGHS-1 and -2 production in the cancer cells, inhibit the 

PGHS synthesis, and suppress their cyclooxygenase reaction and DNA synthesis rate [9]. 

Another study was conducted using the HCT116 colon cancer, Caco-2 epithelial colorectal 

adenocarcinoma, SW620 lymph node-metastasis colon adenocarcinoma cell lines, and 

COLO320DM cells to evaluate the anticancer potential of essential oil of P. guajava leaf 

extract from Ecuador. The cell viability of the cancer cells after treatment with the extract 

was determined using the trypan blue exclusion test. The IC50 value of the extract was 

found to be around 50 μg/mL when tested on the HCT116 cells. At 50 μg/mL, the growth 

of all three cell lines was reduced by 50-60% after incubation with the extract for 24-48 h. 

As the extract did not affect the growth of peripheral blood mononuclear cells (PBMCs), 

it was concluded that the extract’s inhibition of cancer cell growth is due to its antiprolif-

erative rather than the cytotoxic effect [26]. 

The compounds with anticancer potential were isolated from a 70% ethanol extract 

of P. guajava leaves and characterized through the spectroscopic methods of time-of-flight 

mass spectrometry (TOFMS), proton nuclear magnetic resonance (1H NMR), carbon-13 

nuclear magnetic resonance (13C NMR), heteronuclear single quantum coherence (HSQC), 
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and heteronuclear multiple bond correlation (HMBC). One new compound, 3,5-dihy-

droxy-2,4-dimethyl-1-O-(6′-O-galloyl-β-D-glucopyranosyl)-benzophenone (Figure 4), 

was identified from the extract, as along with the two known compounds, guavinoside B 

and E. The newly-identified benzophenone and guavinoside B were found to inhibit the 

HCT116 and HT-29 colon cancer cells in a concentration-dependent manner based on the 

MTT cell viability assay. The benzophenone showed a more potent inhibitory activity 

against cell viability than guavinoside B and a stronger activity in inducing cancer cell 

apoptosis. At 100 μM, the benzophenone inhibited 81.4% of HCT116 cell growth after the 

cells were treated for 72 h with an IC50 value of 60 μM. Guavinoside B inhibited 66.2% of 

HCT116 cell growth at 100 μM with an IC50 value of 80.3 μM. As all three compounds did 

not show any significant inhibitory effect on the growth of normal CCD-18Co colon cells, 

the compounds are concluded not to be toxic to normal colon cells [19]. 

A study on the anticancer effects of aqueous, ethanol, and n-hexane guava leaf ex-

tracts was conducted using the MTT assay on HCT116 cells. The aqueous and ethanol 

extracts were shown to have good inhibitory activity against the colorectal cancer cells 

with IC50 values of 149.66 ± 11.55 and 138.86 ± 12.92 µg/mL, respectively. Among the three 

extracts, the ethanol extract was also found to have potent antioxidant activities, which 

may have contributed to its anticancer activity against the HCT116 cells. In addition, the 

aqueous and ethanol extracts were shown to have inhibition against vascular angiogene-

sis and impede the branching of the vasculature that supports the growth of tumors [27]. 

An evaluation of the antioxidant, antibacterial, and antitumoral activities of an etha-

nolic extract of the P. guajava leaves was conducted by Braga et al. Using the MTT assay, 

the anticancer activity of the extract was evaluated on HeLa and RKO-AS45-1 colorectal 

cancer cells, resulting in IC50 values of 15.6 ± 0.8 and 21.2 ± 1.1 µg/mL, respectively. While 

the extract showed significant anticancer activity on the HeLa and RKO-AS45-1 cells, it is 

not cytotoxic towards the Wi-26VA4 lung fibroblast cells [28]. As the extract only showed 

cytotoxic activity against the cancer cells and not towards the normal cells, the extract 

seems to exhibit potential as a targeted treatment against these types of cancer. 

The DU145 prostate cancer cell line was shown to be inhibited by an aqueous extract 

of P. guajava L. budding leaves in a dose- and time-dependent manner. The viability of the 

cancer cells was observed to be reduced by the extract at 1 mg/mL and the colony-forming 

capacity was lowered after the cells were treated with the extract. In addition, cell cycle 

arrest at G0/G1 phase has also been observed [29]. In 2009, Chen et al. reported that the 

budding guava leaf extract contains high concentrations of soluble polyphenolics; one of 

them is rhamnoallosan, a unique novel peptidoglycan that possesses strong anti-DU145 

bioactivity complementary to the other soluble polyphenolics in the extract. At 1 mg/mL, 

the extract caused a 15.9% reduction in cell viability [30]. The extract has also been shown 

to inhibit the proliferation of the LNCaP androgen-sensitive human prostate adenocarci-

noma in both the absence and presence of androgen. It downregulates the expression of 

the androgen receptor and prostate-specific antigen of the cells, as well as causes apopto-

sis and cell cycle arrest at the G0/G1 phase in a concentration-dependent manner after 48 

h in DU145 cells. The extract was also shown to significantly diminish tumor size and 

prostate-specific antigen serum levels at 1.5 mg/mouse/day in a xenograft mouse tumor 

model [32]. 

In a similar study to Chen et al., another aqueous extract of P. guajava budding leaves 

was investigated for its antiangiogenic and antimetastatic effect on DU145 cells. The ex-

tract was found to suppress DU145 cell viability in a dose-responsive manner with an IC50 

value of around 0.57 mg/mL. In addition, the extract was shown to inhibit DU145 cell mi-

gration in a dose-responsive manner. The cancer cells treated with the extract also pro-

moted the downregulation of interleukin-6 (IL-6) and interleukin-8 (IL-8), the inhibition 

of matrix metalloproteinase (MMP)-2 and MMP-9, and the activation of the tissue inhibi-

tor of metalloproteinase (TIMP), all of which contribute to the extract’s inhibitory activity 

against cancer angiogenesis [31]. These studies contribute towards the validation that the 
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aqueous extracts of P. guajava budding leaves possess a strong inhibitory effect against 

prostate cancer. 

The anticancer activity of a methanolic extract of guava leaves was studied using 

another prostate cancer cell line, PC-3. The hexane fraction from the extract was found to 

be capable of inducing cytotoxic and apoptotic effects in the cancer cells, arresting the cell 

cycle at the sub-G1 phase, and inducing cell death even at 50 µg/mL [33]. The underlying 

signaling involves suppression of the AKT/mammalian target of rapamycin (mTOR)/ri-

bosomal p70 S6 kinase (S6K1) and mitogen-activated protein kinase (MAPK) activation 

pathways. The upregulation of the AKT signaling through the mTOR pathway is ob-

served in various carcinoma cell lines [64,65], which makes it an attractive target for cancer 

therapeutics. AKT disables apoptosis in cancer cells, promotes tumor metastasis, and con-

tributes towards clinical drug resistance, all of which aids in the survival of the cancer 

cells [66,67]. The MAPK pathway plays a crucial role in regulating gene expression, cellu-

lar growth, and survival [68], so the abnormal signaling of this pathway is important in 

oncogenesis as it leads to increased or uncontrolled cell proliferation and resistance to 

apoptosis [69]. In addition, the molecular mechanisms behind the apoptotic potential of 

the methanolic guava leaf extract correlated with the downregulation of cyclin D1, COX-

2, and VEGF proteins, which are associated with cell proliferation, cell survival, metasta-

sis, and angiogenesis. All this downstream signaling can potentially contribute to the ex-

tract’s inhibitory activity towards PC-3 cell viability [33]. 

The apoptotic induction activity of an 80% aqueous methanolic extract of P. guajava 

leaves was evaluated on HepG2 human liver carcinoma cells. The cytotoxicity of the ex-

tract towards the liver carcinoma cells was evaluated through the MTT assay, in which 

the extract exhibited a dose-dependent inhibitory activity towards the HepG2 cell growth 

with cell viability of 81.85%, 70.65%, 53.19%, and 31.09% after exposure of the extract to 5, 

20, 50, and 100 μg/mL, respectively. The extract was also shown to induce apoptosis in the 

cells causing a change of morphology with the cells exhibiting nuclear condensation and 

DNA fragmentation. The extract also contributed to mitochondrial dysfunction, signifi-

cantly increasing the reactive oxygen species (ROS) generation of the cells at 20, 50, and 

100 μg/mL, and disrupting their mitochondrial membrane potential [34]. 

A preliminary study of the phytochemicals and the cytotoxic potential of a meth-

anolic extract of P. guajava leaves on HeLa cells was investigated by Joseph and Priya. 

Utilizing the thymidine incorporation assay and comparing the cell count of lysed cells 

before and after incubation with the extract, P. guajava leaf methanolic extract was re-

ported to possess cytotoxic activity towards the cervical cancer cells [35]. Joseph et al. also 

investigated the cytotoxic activity, along with the antibacterial and antifungal activities of 

an essential oil extract of P. guajava leaves using the thymidine fluorescence assay. The 

essential oil mixed thoroughly with hexane through the use of micelles exhibited a dose-

dependent inhibition of HeLa cell growth. The cells treated with the essential oil showed 

more prominent growth inhibition and cell shrinkage compared to the control. It is spec-

ulated by the authors that the way essential oil exerts its cytotoxicity towards HeLa cells 

may have been through apoptosis [36]. 

The antiproliferative activity of the aqueous extract of P. guajava leaves was investi-

gated on HeLa and KB human nasopharyngeal epidermoid carcinoma cells by Fathilah et 

al. With the neutral red cytotoxicity assay, the IC50 values of the aqueous P. guajava leaf 

extract on KB and HeLa cells were determined to be 29.0 ±0.4 and 51.0 ± 0.6 µg/mL, re-

spectively [37]. The P. guajava leaf extract exhibited potent antiproliferative activity to-

wards the cells, indicating its potential against cervical and oral epidermal cancer. 

The cytotoxic effect of a hexane fraction of the methanolic extract of P. guajava leaves 

obtained from Jamaica was investigated on the Kasumi-1 acute myeloblastic leukemia cell 

line. With an IC50 value of 200 ug/mL, the viability of the leukemia cells was significantly 

inhibited after treatment with the hexane fraction. The cytotoxic activity of the extract was 

attributed to the presence of gallic acid and flavonoids, such as quercetin and kaempferol 
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(Figure 5) [38]. Interestingly, kaempferol is found in various plant parts, with epidemio-

logical studies indicating that a high intake of kaempferol is associated with decreased 

incidences of different types of cancer [70]. The anticancer activities of kaempferol include 

apoptosis, cell cycle arrest, and the inhibition of metastasis and angiogenesis of various 

cancer cell types [71–73]. 

In a study involving the essential oil extracts of 17 Thai medicinal plants, the antipro-

liferative effect of the essential oil extract of P. guajava L. leaves was investigated on KB 

and P388 cells using the MTT assay. The guava leaf essential oil showed the most potent 

antiproliferative activity against KB cells among the 17 medicinal plants with an IC50 value 

of 37.9 µg/mL. Meanwhile, its inhibitory effect on P388 cells was at IC50 = 45.4 µg/mL, 

which is just second to the sweet basil leaf (Ocimum basilicum) essential oil extract (IC50 = 

36.2 µg/mL) [10]. 

An assessment of the antioxidant, anticancer, and cytotoxic potential of the methanol, 

chloroform, and hexane extracts of P. guajava leaves was conducted by Ashraf et al. Using 

the MTT assay, the extracts were shown to induce a dose-dependent inhibitory activity 

against three cancer cell lines: the KBM5 chronic myeloid leukemia, SCC4, oral squamous 

carcinoma, and U266 multiple myeloma cell lines. Among the extracts tested, the hexane 

extract exhibited the strongest inhibitory activity against cell viability, resulting in IC50 

values of 22.73, 22.82, and 20.97 μg/mL against the KBM5, SCC4, and U266 cells, respec-

tively. The chloroform extract also exhibited strong inhibitory activity against U266 cell 

growth (IC50 = 26.72 μg/mL). In addition, the hexane extract suppressed the NF-κB activa-

tion induced by TNF-α, which might contribute towards its anticancer potential [39]. 

A pentacyclic triterpene glycoside, betulinic acid (Figure 4), extracted from guava 

leaves was evaluated for its anticancer activity against human cholangiocarcinoma 

(HuCCA) cells. Betulinic acid from the 70% ethanolic guava leaf extract was found to sig-

nificantly reduce the viability of HuCCA cells in a dose-dependent manner after 24 h with 

an IC50 value of 92.45 µg/mL as assessed by the MTT assay; its anticancer effect was com-

parable to 5-fluorouracil, a chemotherapy agent for cancer treatment. It was also discov-

ered through Hoechst staining and quantitative real-time PCR that betulinic acid induces 

the apoptotic signaling pathway of the cancer cells, leading to morphological changes, 

such as nuclear chromatin condensation and fragmentation [40]. 

2.2. Anticancer Effects of Psidium guajava Fruit Extracts 

The cytotoxic activities of the compounds isolated from a petroleum ether extract of 

mature P. guajava fruits from the Yunnan Province, China, were evaluated against five 

human cancer cell lines—the A549, HCT116, DU145, CCRF-CEM leukemia, and Huh7 

hepatocarcinoma cells. The fractionation of the extract and analysis by liquid chromatog-

raphy-ultraviolet (LC-UV) elucidated 16 meroterpenoids. The meroterpenoid guajadial D 

was shown to have significant cytotoxic activity against HCT116 with an IC50 value of 0.61 

± 0.1 μM based on the MTT assay. Guajadial D had strong cytotoxic activity against the 

CCRF-CEM cells with an IC50 value of 0.87 ± 0.5 μM. 4,5-Diepipsidial A, guadial A, and 

psiguadial D (Figure 4) had good cytotoxic activities against DU145 having IC50 values of 

4.79 ± 2.7, 5.35 ± 0.7, 6.08 ± 3.9 μM, respectively. Meanwhile, with IC50 values of 2.82 ± 0.6 

and 2.93 ± 0.5 μM, 4,5-diepipsidial A and guajadial B were shown to have good cytotoxic 

activities against the Huh7 cells, respectively, in addition to displaying significant cyto-

toxicity against A549 cells with IC50 values of 0.16 ± 0.03 and 0.15 ± 0.05 μM, respectively 

[17]. As seen in this and Gao et al.’s study, guajadial D has anticancer potential with cyto-

toxic activity against various types of cancer cell lines [17,18]. 

An ethanolic extract from the red guava (Psidium guajava L.) fruit, originating from 

Brazil, was evaluated for its lycopene (Figure 5) content and anticancer activity. Using the 

MTT assay, this ethanolic extract was found to be cytotoxic towards MCF-7 breast cancer 

cells, affecting the viability of the cells in a dose-dependent manner and resulting in IC50 

values of 29.85 and 5.964 µg/mL at 24 and 72 h after incubation with the extract, respec-

tively. Treatment of the MCF-7 cells with the extract resulted in a significant increase in 
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DNA fragmentation and cell cycle arrest at the G1 phase, in addition to morphological and 

mitochondrial membrane potential alterations of the cells [42]. Lycopene is a carotenoid 

that is a strong antioxidant with known anticancer properties [74,75]. Therefore, the ex-

tract’s rich lycopene content, as well as the selectivity of the extract towards breast cancer 

cells, conveys the extract’s potential as an anticancer treatment [41]. Further studies were 

conducted with the lycopene-rich extract loaded into lipid-core nanocapsules to stabilize 

the lycopene against degradation. The loaded nanocapsules were found to significantly 

reduce the viability of the MCF-7 cells after 24 and 72 h of exposure by 61.47% and 55.96%, 

respectively, as determined by the MTT assay. The nanocapsules also enhanced the ex-

tract’s anticancer activity against the MCF-7 cells, from a cell viability reduction of 24.35% 

at 6.25 μg/mL to 61.47% after exposure for 24 h [42]. In a later study, the lycopene was 

loaded into a self-emulsifying drug delivery system (SEDDS) and evaluated for its anti-

cancer activity against DU145 cells. At 3.125 µg/mL, the SEDDS-loaded lycopene signifi-

cantly reduced DU145 cell viability after 6 h of exposure and had a significantly lower IC50 

value compared to the free lycopene. Moreover, the histopathological observation of the 

DU145 cells revealed that the SEDDS-loaded lycopene induces necrotic death of the 

DU145 cells via a cell death pathway independent of classical necrosis and apoptosis [43]. 

The anticancer and chemopreventive potential of a guava pulp extract was assessed 

on breast cancer by conducting an MTT assay on the breast cancer cell lines MCF-7, MDA-

MB-231, and MDA-MB-453. The extract showed strong antiproliferative activity against 

MCF-7 cells in a concentration- and time-dependent manner (IC50 = 820 ± 1.22 µg/mL, 680 

± 1.34 µg/mL, and 600 ± 1.03 µg/mL after 24, 48 and 72 h, respectively). The extract’s anti-

proliferative activity against MDA-MB-231 and MDA-MB-453 is significantly weaker, 

suggesting that the extract is more effective against estrogen-positive breast cancer cells. 

In addition, the extract inhibited the cell migration and angiogenesis of MCF-7 cells and 

significantly increased the apoptotic rate of the cancer cells in vitro [44]. 

Chadarat et al. conducted a study regarding the cytotoxic effects of the ethanolic ex-

tracts of 13 common Thai tropical fruits on leukemic cell lines. The 95% ethanol extracts 

of the guava leaf, stem, and raw fruit were investigated on K-562, HL-60, U937 myeloid 

leukemia, and the MOLT-4 acute lymphoblastic leukemia cell lines. The ethanolic extract 

of the raw guava fruit was found to inhibit the growth of the HL-60 cells with an IC50 value 

of 31.8 ± 2.5 μg/mL. In addition, the extract exhibited no cytotoxic activity towards the 

normal PBMC line, showing its potential as a treatment for leukemia [45]. 

The acetone fruit extracts of the IAC-4 variety red guava from São Paulo, Brazil, were 

investigated by Bontempo et al. Four different acetone extracts were produced using the 

whole fruit, peel, pulp, and seed. The extracts exhibited antitumoral activity in vitro and 

ex vivo through the induction of apoptosis and differentiation. The total fruit extract ex-

erted a dose-dependent inhibitory activity on the cell proliferation of NB4 human acute 

promyelocytic leukemia cells. The extract inhibited the G1 cell cycle progression of around 

80% of the cells at 1.5 and 3.0 mg/mL. Further investigation of the fruit extracts indicated 

that the pulp of the red guava fruit is mainly responsible for its apoptotic and cell cycle 

inhibitory activity, while the peel influences cellular differentiation of the NB4 cells. In 

addition, the extract exhibited antiproliferative and cell death-inducing effects on MDA-

MB 231 cells, suggesting that the anticancer effect of the extract applies to both leukemia 

and solid tumors [46]. 

Three biomolecules of interest, apigenin, lycopene, and resveratrol (Figure 5), were 

isolated from a carotenoid extract of Cuba Enana guava fruit and evaluated for their anti-

cancer potential against LNCaP and human skin melanoma UACC257 cells using the MTT 

assay and confocal microscopy. Apigenin, a flavonoid commonly found in various fruits 

and vegetables, was found to have a great inhibitory effect against LNCaP and UACC257 

cells, observed through a rapid drop of OD values compared to the untreated cells after 

72 h [47]. Apigenin suppresses multiple types of human cancers through various mecha-

nisms, such as inducing cell cycle arrest and apoptosis, inhibiting cell migration and in-

vasion, as well as triggering immune pathways toward the suppression of cancer [76]. 
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Lycopene, a carotenoid that gives fruits and plants their red color, was also found to have 

a good inhibitory effect against LNCaP, although its effect is slightly less than that of apig-

enin. In addition, lycopene had a more moderate inhibitory effect on UACC257 cell pro-

liferation compared to its effect on LNCaP [47]. Lycopene was reported to inhibit the 

growth of different types of cancer cells and prevent chemically induced carcinogenesis 

in animal models. In addition to its antioxidant properties, lycopene directly inhibited 

cancer cell proliferation through growth factor regulation, cell cycle arrest and/or apopto-

sis induction, cell invasion, angiogenesis, and metastasis inhibition [77]. Resveratrol is a 

biomolecule produced by plants in response to infection and injury. Its inhibitory effect 

against UACC257 was found to be slightly higher than with lycopene but lower than apig-

enin, a flavone molecule. However, resveratrol was found to have low antiproliferative 

activity against LNCaP [47]. Resveratrol targets a number of cellular processes involved 

in cell apoptosis, cancer angiogenesis and metastasis, as well as increases the chemo-sen-

sitization of cancer cells towards the chemotherapy drugs, 5-fluorouracil and cisplatin 

[78]. Apigenin and lycopene used in combination caused a sharp decrease in the prolifer-

ation of the LNCaP and UACC257 cells after 24 h compared to their effects individually 

after 72 h. With the apigenin–lycopene combination almost completely inhibiting the 

growth of the cancer cells, the synergistic effects between the biomolecules in the fruit 

extract may lead to a better potential cancer treatment [47]. 

2.3. Anticancer Effects of Psidium guajava Seed Extracts 

An 80% aqueous acetone extract produced from dry P. guajava seeds was investigated 

by Salib and Michael. Nine phenolic and flavonoid compounds were isolated through 

fractionalization by column chromatography. The crude extract and two novel phenyleth-

anoid glycosides isolated from it were tested for their anticancer activity on Ehrlich Asci-

tes Carcinoma (EAC) and P388 cells. The crude extract was found to have moderate in-

hibitory activity against the growth of both the EAC and P388 cells (ED50 = 14.6 μg/mL) 

with the cell concentration determined via counting in a hemocytometer. Meanwhile, the 

two glycosidic compounds were found to have high inhibitory activity against EAC cells 

but a low one against P388 cells (ED50 = 17.3 and 16.1 μg/mL, respectively) [48]. 

 The in vitro anticancer potential of the seed extracts of edible fruits, pomegranate 

(Punica granatum L.), guava (P. guajava L.), and grapes (Vitis vinifera L.) was evaluated on 

A549 cells in a study by Nelson et al. The cytotoxic activity of the ethyl acetate and meth-

anolic seed extracts was analyzed using the MTT assay. While the pomegranate extracts 

had better activity against the A549 cells, the guava extracts also had good inhibitory ac-

tivity with IC50 values of 60.21 ± 1.35 μg/mL for the ethyl acetate extract and 61.01 ± 1.15 

μg/mL for the methanolic extract [49]. 

A polysaccharide from guava seeds, named Guava seed polysaccharide fraction 3 

(GSF3), was found to possess anticancer qualities against MCF-7 cells. This polysaccharide 

isolated from an aqueous extract of P. guajava seeds inhibits the growth of human prostate 

cancer PC-3 and MCF-7 cells [50,51]. Using the MTT assay, it was found that the direct 

application of GSF3 significantly inhibited the viability of PC-3 and MCF-7 cells after 24 

and 48 h in a dose-dependent manner [51,52]. It was discovered that GSF3′s direct anti-

cancer activity involves promoting cancer cell apoptosis, decreasing the mRNA expres-

sion of Bcl-2, a cellular protein that inhibits apoptosis, while increasing the pro-/antiapop-

totic mRNA expression ratios in the PC-3 and MCF-7 cells [50–52]. Further investigations 

reveal that GSF3 also indirectly inhibits cancer cell growth through modulating macro-

phage and splenocyte cytokine secretion profiles in tumor immunotherapy, as well as in-

directly contributes to Fas ligand-induced apoptosis in the MCF-7 cells by increasing Fas 

mRNA expression [51,52]. 

2.4. Anticancer Effects of Psidium guajava Bark and Root Extracts 

The acetone and methanolic extracts of 73 medicinal plant species from 44 families, 

including the bark of P. guajava L., were investigated for their anticancer activity against 
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cancer cell lines. The level of inhibition of the extracts on the cancer cell lines was deter-

mined using the SRB assay. The acetone extract of the P. guajava bark had a strong inhib-

itory effect on MCF-7 cells with a percentage of inhibition of 83 ± 3% at 200 μg/mL. The 

acetone extract also had good inhibitory activity against the CAL-27 human epithelial 

squamous carcinoma, having a percentage of inhibition of 52 ± 17% at 200 μg/mL. The 

neutral red assay was used to determine the IC50 value of the acetone extract of P. guajava 

bark against MCF-7 cells, as well as the cytotoxicity of the extract through the determina-

tion of its half-maximum cytotoxicity concentration (CC50) value against the Vero monkey 

kidney epithelial cells. With an IC50 value of 115 ± 11 μg/mL, the extract was shown to be 

effective against breast cancer. However, with a low CC50 value of 105 ± 7 μg/mL towards 

the Vero cells, the extract may not be suitable as an anticancer treatment due to its cyto-

toxic activity towards normal cells unless further fractionation is undertaken [53]. 

A set of 18 Cameroonian medicinal plants were investigated for their cytotoxic activ-

ity against drug-sensitive and multi-factorial drug-resistant cancer cells. In a preliminary 

cytotoxicity determination using the resazurin reduction assay, a crude P. guajava bark 

methanolic extract was found to have significant inhibitory activity against the drug-sen-

sitive CCRF-CEM cells with an IC50 value of 6.35 ± 1.74 μg/mL. In addition, the extract was 

tested against the CEM/ADR5000 cells, which is a multidrug-resistant P-glycoprotein-

overexpressing subline of the CCRF-CEM cells and the HCT116 (p53+/+) cell line, which 

resulted in IC50 values of 1.29 ± 0.11 and 18.63 ± 1.39 μg/mL, respectively. The extract also 

has good inhibitory activity on six other cell lines, including the MDA-MB-231-pcDNA3 

cells (62.64 ± 0.22 μg/mL) and its resistant subline MDA-MB-231-BCRP clone 23 (27.24 ± 

1.96 μg/mL), the HCT116 p53-/- knockout clone (40.63 ± 2.67 μg/mL), the U87MG glioblas-

toma (28.84 ± 2.19 μg/mL) and its resistant subline U87MG.ΔEGFR (39.86 ± 1.16 μg/mL), 

and HepG2 (24.63 ± 1.32 μg/mL) cells. The crude P. guajava bark methanolic extract was 

found to alter the cell cycle of the CCRF-CEM cells in a dose-dependent manner, inducing 

cell cycle arrest at the G0/G1 phase. At 2 x IC50, the extract induced moderate apoptosis of 

18.20% through the activation of caspases 3/7 and 9, indicating that its cytotoxic effect 

might involve an intrinsic mitochondrial pathway. Moreover, the extract also induced the 

activation of caspase 8, which led to the speculation that the extrinsic apoptotic pathway 

could also be involved in the signaling. In addition, the extract caused a pronounced de-

pletion of MMP (34.1%) at 2 x IC50 and a significant increase in ROS production, indicating 

that these mechanisms are also involved in the extract’s apoptosis-inducing activity [54]. 

The anticancer activity of an acetone extract of guava branches was evaluated on the 

HT-29 cell line. The extract exhibited a dose-dependent inhibition of cell vitality after a 24 

h incubation period, with a 30-70% reduction in cell viability compared to the control [55]. 

The guava branch extract inhibited the colony formation of the cells with an IC50 value of 

less than 100 µg/mL. The extract also caused an increase in the cells’ lactate dehydrogen-

ase (LDH) leakage in a dose-dependent manner, which is indicative of cellular damage 

[55]. Both the colony formation and the lactate dehydrogenase release assays indicate the 

extract’s cytotoxicity towards the colon cancer cells. The cytotoxic effect of the extract on 

HT-29 cells was attributed to its apoptotic activity, as marked chromatin condensation 

and apoptotic body formation were observed in the cells stained with Hoechst 33342. In 

addition, the number of apoptotic cells in the sub-G1 phase was approximately 30-fold 

greater in the cells treated with the guava extract compared to the control as assessed by 

flow cytometry. These results indicate that the acetone extract of the guava branch has 

great potential as a natural anticancer chemotherapeutic agent for colon cancer through 

the induction of apoptosis [55]. 

 The ethanolic extracts of P. guajava roots, bark, and leaves were shown to exhibit 

anticancer effects through the immune system [56]. At the early stages of the immune 

system’s antitumor response, dendritic cells capture and present tumor antigens to initiate 

the differentiation of naïve T helper (Th) cells to produce the cytokines that mediate the 

antitumor immune response. Naïve Th cells that are activated develop into Th1 cells that 

hamper tumor progression through the production of interleukin (IL)-2 and interferon-
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gamma (IFN-γ), which increases the phagocytosis of tumor cells and the antitumor im-

mune response [79,80]. Th1, together with natural killer (NK) cells, also contributes to-

wards cancer cell apoptosis [81,82] and the inhibition of tumor angiogenesis [83]. The P. 

guajava ethanolic extracts were shown to strongly suppress T regulatory cells, causing a 

shift in the Th1/Th2 balance to Th1 dominance [56]. The shift towards Th1 dominance exerts 

favorable anticancer immunological effects [84], while Th2-mediated immunity is associ-

ated with both promoting and inhibiting tumor growth. Mice pretreated with the oral 

administration of P. guajava extracts also showed an impeded growth of inoculated B16 

melanoma tumors that are approximately one-seventh of the size of the tumors in the 

controls after 20 days. These results indicate that the extracts have an antiallergic action 

against Th2 cell-mediated allergy, in addition to having a protective action against tumor 

development [56]. 

2.5. In vivo Anticancer Effects of Psidium guajava Extracts 

The ethanolic combination of P. guajava extract made from the plant’s leaf, bark, and 

root was also tested by Seo et al. using an in vivo model of B16 skin melanoma cells in 

mice. As mentioned above, the mice that were pretreated with the extract formed tumors 

that were approximately one-seventh of the size of the tumors found in control after 20 

days. However, the extract did not have an effect on the size of existing tumors, showing 

that the extract had more of a chemopreventive effect rather than a therapeutic effect on 

the tumors [56]. The result is in line with the in vitro results regarding the extract’s effects 

on tumors via the immune system with the extract downregulating T cell activity in the 

mice and protecting the mice from tumor development. 

Table 3. List of P. guajava plant material(s) and the different extracts with in vivo anticancer activi-

ties in animal models. 

Part of Plant 
Type of 

Extracts 

Type of Can-

cer 

In vivo Animal Model 
References 

Leaves, bark, 

and roots 
Ethanol 

B16 melanoma 

(skin cancer) 

Subcutaneous inoculation of 

cancer cells into female B6 and 

BALB/c mice 

Seo et al., 2005 

[56] 

Leaves Aqueous 
LNCaP (pros-

tate cancer)  

Subcutaneous inoculation of 

cancer cells into male BALB/c 

mice 

Chen et al., 2010 

[32] 

Leaves 
Dichloro-

methane 

EAC (skin can-

cer) 

Subcutaneous inoculation of 

cancer cells into female 

BALB/c mice 

Rizzo et al., 2014 

[8] 

Fruits, pulp - Breast cancer 

MNU-induced rat mammary 

tumors in female Sprague 

Dawley rats 

Karia et al., 2019 

[44] 

Seeds 

80% Aque-

ous ace-

tone 

EAC (skin can-

cer) 

Intraperitoneal inoculation 

into female Swiss albino mice 
Salib and Mi-

chael, 2004 [48] 

In addition to the in vitro studies on DU145 and LNCaP cells, the aqueous P. guajava 

budding leaf extract by Chen et al. was also tested using an LNCaP xenograft mouse tu-

mor model. Oral administration of 1.5 mg/mouse/day led to significantly reduced tumor 

sizes with diminished prostate-specific antigen in the serum. The findings are compatible 

with the in vitro studies, which found that the extract induces apoptosis and cell cycle 

arrest in LNCaP cells [32]. 

The meroterpene-enriched fraction derived from the dichloromethane extract of P. 

guajava leaves, which was found by Rizzo et al. to have significant anticancer activity on 
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multiple cell lines mentioned above, was also tested in vivo using subcutaneous solid EAC 

(Ehrlich murine breast adenocarcinoma) on adult female mice. The P. guajava fraction 

treatment was administered every 3 days at 10, 30, and 50 mg/kg. After 21 days, it was 

found that the treatment significantly inhibited tumor growth and was equally effective 

as the positive controls (doxorubicin and tamoxifen) with less toxicity [8]. An increase in 

both uteri size and weight of the treated mice suggests that the P. guajava treatment has a 

phytohormonal and estrogen-like effect on uterus proliferation and indicates that it may 

have a mechanism of action similar to that of tamoxifen, an antihormonal chemothera-

peutic medication for estrogen receptor-positive breast and ovarian cancer [8,85]. Further 

research on an enriched guajadial fraction obtained from the P. guajava leaf extract demon-

strates that its tumor inhibitory activity may have been through the estrogen receptors, 

similar to tamoxifen, as guajadial is structurally similar to this breast cancer drug. In ad-

dition to the guajadial fraction’s in vitro activity against estradiol-sensitive breast cancer 

cells, in vivo studies indicated that it inhibits the proliferative effect of estradiol on the 

uterus of prepubescent rats as well [20]. 

To further confirm the anticancer potential of a guava fruit pulp extract on estrogen 

receptor-positive breast cancer, an in vivo study was conducted using N-methyl-N-nitro-

sourea (MNU)-induction of mammary cancer in female Sprague Dawley rats. Through 

the measurement of growth rate, feed consumption efficiency, tumor parameters (weight, 

number of tumors, volume, tumor incidence, and latency period), estrogen and proges-

terone expressions, and nucleic acid content of the rats, the pulp extract was found to be 

successful in suppressing carcinogen-induced tumor incidence and multiplicity. A signif-

icant decrease in the expression of estrogen and progesterone in the animals treated with 

both the pulp extract and tamoxifen was also observed compared to the control animals, 

which supports the inference about the anticancer potential of the extract against estro-

gen-receptor-positive breast cancers [44]. 

After the biological assays on EAC and P388 cells, the in vivo effects of the 80% aque-

ous acetone extract of P. guajava seeds were tested by Salib and Michael using intraperi-

toneal transplantation of EAC cells in female Swiss albino mice. Oral administration of 

the extract and the two glycosidic compounds isolated from the extract were found to 

increase the survival time of mice bearing the adenocarcinoma tumor (18 to 24 days) com-

pared to the control (10 days) [48]. 

3. Discussion 

Cancer is a common death-causing disease that exerts a heavy societal burden that 

continues to grow worldwide. Unfortunately, a significantly large portion of patients suf-

fering from cancer globally do not have access to timely diagnosis and quality treatment 

as the healthcare systems in low- and middle-income countries are the least prepared to 

manage the cancer burden [7]. P. guajava is a commonly found plant in Asia, South Amer-

ica, Africa, and Europe and is highly valued as a food crop. It has a good nutritious value, 

possessing an array of useful natural compounds, such as phenolics, flavonoids, carote-

noids, and triterpenoids. The plant and its fruits are abundantly available in middle- to 

low-income countries, contributing to its suitability for the development of economical 

cancer preventative and treatment solutions. The chemopreventives and treatments 

sourced from local plants would be more affordable as raw materials can be processed 

locally into the final product and greatly reduce transportation and shipping costs. It 

would address the issue of patients from low- and middle-income countries who are 

forced to abandon treatment due to high costs. 

The farming and processing of the guava fruit leaves behind the peel, leaves, seeds, 

and bark of the P. guajava tree. Rather than discarding these leftover farming by-products, 

they can be repurposed as materials for producing chemopreventives and cancer treat-

ments. This could be an extra source of income for the farmers, especially for those from 

low- and middle-income countries, and contributes towards reducing agricultural waste. 

Most of the studies had focused on the anticancer effects of P. guajava leaves, which is a 
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good source of material for the production of anticancer treatment without cutting into 

agricultural profits. In addition to the leaves, the bark and roots of the P. guajava plant 

have traditionally been used as a treatment for a wide array of diseases. The leaves were 

used to treat toothaches and skin wounds in India. In Southeast Asia, the leaves, bark, and 

fruits were used to treat microbial infections, hypertension, and gastrointestinal issues 

[86]. The use of local plants as a treatment for diseases is much more culturally accepted 

in developing countries, which helps boost economic self-reliance by reducing drug im-

port [87]. 

From this review, we can see that the research on the anticancer potential of P. guajava 

has been more focused on the plant’s leaves. The various biomolecules present in P. 

guajava and the possible mechanisms by which these compounds present in the P. guajava 

plant extracts might contribute to the anticancer properties attributed to this plant and are 

summarized in Table 2. More research should also be conducted on the chemopreventive 

potential of the guava fruit, as it is an economical and easily accessible food source. The 

incorporation of guava fruit into the daily diet of the community would ameliorate some 

of the issues when it comes to cancer management in developing countries. 

In addition to the extracts and their fractions, a number of active bio-compounds 

identified to be present in the P. guajava extracts were shown to contribute to the extracts’ 

anticancer activity against human cancer cells through different mechanisms, such as their 

antiproliferative, antioxidant, and angiogenic activities, as well as through their effects on 

the immune system targeting cancer cells and tumors. Further research on these bioactive 

molecules is required to elucidate the mechanisms and their roles against human cancers, 

as well as their synergistic effects within the extracts that would make the extracts to be 

utilized as a better anticancer solution. 

While there have been clinical trials of the use of P. guajava extracts as treatments for 

infectious diarrhea [88–90], diabetes [91,92], and pain management [93,94], until now, no 

clinical trial has been reported investigating the anticancer effect of P. guajava. Future clin-

ical trials are necessary to establish the safety and efficacy of P. guajava extracts as a treat-

ment for human ailments. Meanwhile, clinical trials regarding the feasibility of P. guajava 

extracts as a possible treatment for cancer, adjuvant therapy, and chemopreventative 

agent could be further explored. 

4. Conclusion 

Psidium guajava extracts using various plant parts were investigated for their effects 

on different human cancer cell lines and animal models, all of which have showcased the 

potential anticancer effects of the plant. With a lack of any known toxicity towards human 

cells, P. guajava extracts can be inferred to be a viable candidate in the search for safe and 

affordable treatments for various types of human cancers in the future. The leaves of the 

plant, especially, were found to contain various bioactive compounds that potentially 

have anticancer and chemopreventative activities. Meanwhile, more studies should be 

conducted investigating the potential anticancer effects of guava fruit. As a commonly 

eaten fruit in tropical and subtropical regions, a greater understanding of the fruit’s po-

tential as a chemopreventive food will help alleviate the cancer burden. 
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chain-enhancer of activated B cells; MAPK, mitogen-activated protein kinase; MNU, N-methyl-N-
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tetrazolium; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NMR, nuclear 

magnetic resonance; OD, optical density; PGHS, prostaglandin H synthase; ROS, reactive oxygen 

species; SRB, sulforhodamine B; TGI, total growth inhibition; TLC, thin layer chromatography; 

TOFMS, time-of-flight mass spectrometry; VEGF, vascular endothelial growth factor 

References 

1. Morton, J.F. Fruits of Warm Climates; J.F. Morton: Miami, FL, USA, 1987. 

2. Rios, C.; Salazar, C.R.; Cardona, C.; Victoria, K.; Torres, M. Guayaba. In Frutales. Manual de Asistencia Técnica, 2nd ed.; Instituto 

Colombiano Agropecuario: Bogotá, Colombia, 1977; pp. 4221–4248. 

3. Postman, J.; Hummer, K.; Stover, E.; Krueger, R.; Forsline, P.; Grauke, L.J.; Zee, F.; Ayala-Silva, T.; Irish, B. Fruit and nut gene-

banks in the US National Plant Germplasm System. HortScience 2006, 41, 1188–1194. 

https://doi.org/10.21273/HORTSCI.41.5.1188. 

4. Stone, B.C. The Flora of Guam; University of Guam: Mangilao, GU, USA, 1970. 

5. Gutiérrez, R.M.P.; Mitchell, S.; Solis, R.V. Psidium guajava: A review of its traditional uses, phytochemistry and pharmacology. 

J. Ethnopharmacol. 2008, 117, 1–27. https://doi.org/10.1016/j.jep.2008.01.025. 

6. Barbalho, S.M.; Farinazzi-Machado, F.M.; de Alvares Goulart, R.; Brunnati, A.C.S.; Otoboni, A.M.; Ottoboni, B.J.M.A.P. Psidium 

guajava (Guava): A plant of multipurpose medicinal applications. Med. Aromat. Plants 2012, 1, 1000104. 

https://doi.org/10.4172/2167-0412.1000104. 

7. World Health Organization (WHO). Cancer Fact Sheet. 2018. Available online: http://www.who.int/en/news-room/fact-

sheets/detail/cancer (accessed on 13 August 2018). 

8. Rizzo, L.; Longato, G.B.; Ruiz, A.L.T.G.; Tinti, S.V.; Possenti, A.; Vendramini-Costa, D.B.; Sartoratto, A.; Figueira, G.M.; Silva, 

F.L.N.; Eberlin, M.N.; et al. In vitro, in vivo and in silico analysis of the anticancer and estrogen-like activity of guava leaf 

extracts. Curr. Med. Chem. 2014, 21, 2322–2330. 

9. Kawakami, Y.; Nakamura, T.; Hosokawa, T.; Suzuki-Yamamoto, T.; Yamashita, H.; Kimoto, M.; Tsuji, H.; Yoshida, H.; Hada, 

T.; Takahashi, Y. Antiproliferative activity of guava leaf extract via inhibition of prostaglandin endoperoxide H synthase 

isoforms. Prostaglandins Leukot. Essent. Fat. Acids 2009, 80, 239–245. https://doi.org/10.1016/j.plefa.2009.04.006. 

10. Manosroi, J.; Dhumtanom, P.; Manosroi, A. Anti-proliferative activity of essential oil extracted from Thai medicinal plants on 

KB and P388 cell lines. Cancer Lett. 2006, 235, 114–120. https://doi.org/10.1016/j.canlet.2005.04.021. 

11. Morgan, D.M. Tetrazolium (MTT) assay for cellular viability and activity. In Polyamine Protocols; Springer: New York, NY, USA, 

1998; pp. 179–184. 

12. Cory, A.H.; Owen, T.C.; Barltrop, J.A.; Cory, J.G. Use of an aqueous soluble tetrazolium/formazan assay for cell growth assays 

in culture. Cancer Commun. 1991, 3, 207–212. https://doi.org/10.3727/095535491820873191. 

13. Skehan, P.; Storeng, R.; Scudiero, D.; Monks, A.; McMahon, J.; Vistica, D.; Warren, J.T.; Bokesch, H.; Kenney, S.;  Boyd, M.R. 

New colorimetric cytotoxicity assay for anticancer-drug screening. J. Natl. Cancer Inst. 1990, 82, 1107–1112. 

https://doi.org/10.1093/jnci/82.13.1107. 

14. Borenfreund, E.; Puerner, J.A. A simple quantitative procedure using monolayer cultures for cytotoxicity assays (HTD/NR-90). 

Methods Cell Sci. 1985, 9, 7–9. https://doi.org/10.1007/BF01666038. 

15. Haugland, R; Assays for cell viability, proliferation and function. In The Handbook of Flourescent Probes and Research Chemicals; 

Molecular Probes: Eugene, OR, USA, 1996; pp. 365–398. 

16. Strober, W. Trypan blue exclusion test of cell viability. Curr. Protoc. Immunol. 1997, 21, A.3B.1–A.3B.2. 

https://doi.org/10.1002/0471142735.ima03bs21. 



Life 2023, 13, 346 22 of 25 
 

 

17. Qin, X.-J.; Yu, Q.; Yan, H.; Khan, A.; Feng, M.-Y.; Li, P.-P.; Hao, X.-J.; An, L.-K.; Liu, H.-Y. Meroterpenoids with antitumor 

activities from guava (Psidium guajava). J. Agric. Food Chem. 2017, 65, 4993–4999. https://doi.org/10.1021/acs.jafc.7b01762. 

18. Gao, Y.; Li, G.-T.; Li, Y.; Hai, P.; Wang, F.; Liu, J.-K. Guajadials CF, four unusual meroterpenoids from Psidium guajava. Nat. 

Prod. Bioprospecting 2013, 3, 14–19. https://doi.org/10.1007/s13659-012-0102-4. 

19. Zhu, X.; Ouyang, W.; Pan, C.; Gao, Z.; Han, Y.; Song, M.; Feng, K.; Xiao, H.; Cao, Y. Identification of a new benzophenone from 

Psidium guajava L. leaves and its antineoplastic effects on human colon cancer cells. Food Funct. 2019, 10, 4189–4198. 

https://doi.org/10.1039/C9FO00569B. 

20. Bazioli, J.M.; Costa, J. H.; Shiozawa, L.; Ruiz, A. L. T. G.; Foglio, M. A.; Carvalho, J. E. d. Anti-estrogenic activity of guajadial 

fraction, from guava leaves (Psidium guajava L.). Molecules 2020, 25, 1525. https://doi.org/10.3390/molecules25071525. 

21. Feng, X.-H.; Wang, Z.-H.; Meng, D.-L.; Li, X. Cytotoxic and antioxidant constituents from the leaves of Psidium guajava. Bioor-

ganic Med. Chem. Lett. 2015, 25, 2193–2198. https://doi.org/10.1016/j.bmcl.2015.03.058. 

22. Kaileh, M.; Berghe, W. V.; Boone, E.; Essawi, T.; Haegeman, G. Screening of indigenous Palestinian medicinal plants for poten-

tial anti-inflammatory and cytotoxic activity. J. Ethnopharmacol. 2007, 113, 510–516. https://doi.org/10.1016/j.jep.2007.07.008. 

23. Sukanya, S.; Sinthu, K.; Shazhni, J.; Priya, F. S. Qualitative phytochemical screening and assessment of antimicrobial activity of 

Psidium guajava and its cytotoxic studies. Asian J. Appl. Sci. Technol. 2017, 1, 414–420. 

24. Manikyam, H.K.; Joshi, S. K.; Vakadi, S.; Patil, S. B. Anticancer activity of terpenoid saponin extract of Psidium guajava on MCF-

7 cancer cell line using DAPI and MTT assays. Afr. J. Pharm. Pharmacol. 2021, 15, 206–211. https://doi.org/10.5897/AJPP2020.5216. 

25. Sulain, M.D.; Zazali, K.E.; Ahmad, N. Screening on anti-proliferative activity of Psidium guajava leaves extract towards selected 

cancer cell lines. J. US-China Med Sci. 2012, 9, 30–37. 

26. Radice, M.; Chiurato, M.; Guerrini, A.; Lozupone, F. Antiproliferative activity of Psidium guajava essential oil: A preliminary 

study. In Proceedings of the Conference on Molecular, Biomedical and Computational Sciences and Engineering 

(MOL2NET’17), Basel, Switzerland, 15 January–15 December 2017. 

27. Lok, B.; Sandai, D.; Baharetha, H. M.; Nazari, V. M.; Asif, M.; Tan, C. S.; Majid, A. A. Anticancer effect of Psidium guajava (Guava) 

leaf extracts against colorectal cancer through inhibition of angiogenesis. Asian Pac. J. Trop. Biomed. 2020, 10, 293. 

https://doi.org/10.4103/2221-1691.284944. 

28. Braga, T.V.; das Dores, R. G. R.; Ramos, C. S.; Evangelista, F. C. G.; da Silva Tinoco, L. M.; de Pilla Varotti, F.; das Graças 

Carvalho, M.; de Paula Sabino, A. Antioxidant, antibacterial and antitumor activity of ethanolic extract of the Psidium guajava 

leaves. Am. J. Plant Sci. 2014, 05, 3492–3500. https://doi.org/10.4236/ajps.2014.523365. 

29. Chen, K.-C.; Hsieh, C.-L.; Peng, C.-C.; Hsieh-Li, H.-M.; Chiang, H.-S.; Huang, K.-D.; Peng, R. Y. Brain derived metastatic prostate 

cancer DU-145 cells are effectively inhibited in vitro by guava (Psidium gujava L.) leaf extracts. Nutr. Cancer 2007, 58, 93–106. 

https://doi.org/10.1080/01635580701308240. 

30. Chen, K.-C.; Hsieh, C.-L.; Huang, K.-D.; Ker, Y.-B.; Chyau, C.-C.; Peng, R. Y. Anticancer activity of rhamnoallosan against DU-

145 cells is kinetically complementary to coexisting polyphenolics in Psidium guajava budding leaves. J. Agric. Food Chem. 2009, 

57, 6114–6122. https://doi.org/10.1021/jf901268w. 

31. Peng, C.-C.; Peng, C.-H.; Chen, K.-C.; Hsieh, C.-L.; Peng, R. Y. The aqueous soluble polyphenolic fraction of Psidium guajava 

leaves exhibits potent anti-angiogenesis and anti-migration actions on DU145 cells. Evid.-Based Complement. Altern. Med. 2011, 

2011, 2190069. https://doi.org/10.1093/ecam/neq005. 

32. Chen, K.-C.; Peng, C.-C.; Chiu, W.-T.; Cheng, Y.-T.; Huang, G.-T.; Hsieh, C.-L.; Peng, R. Y. Action mechanism and signal path-

ways of Psidium guajava L. aqueous extract in killing prostate cancer LNCaP cells. Nutr. Cancer 2010, 62, 260–270. 

https://doi.org/10.1080/01635580903407130. 

33. Ryu, N.H.; Park, K.-R.; Kim, S.-M.; Yun, H.-M.; Nam, D.; Lee, S.-G.; Jang, H.-J.; Ahn, K. S.; Kim, S.-H.; Shim, B. S.. A hexane 

fraction of guava leaves (Psidium guajava L.) induces anticancer activity by suppressing AKT/mammalian target of rapamy-

cin/ribosomal p70 S6 kinase in human prostate cancer cells. J. Med. Food 2012, 15, 231–241. https://doi.org/10.1089/jmf.2011.1701. 

34. Nguyen, V.-T.; Ko, S.-C.; Oh, G.-W.; Heo, S.-Y.; Jung, W.-K. Effects of Psidium guajava leaf extract on apoptosis induction through 

mitochondrial dysfunction in HepG2 cells. Microbiol. Biotechnol. Lett. 2019, 47, 43–53. https://doi.org/10.4014/mbl.1806.06001. 

35. Joseph, B.; Priya, R.M. Preliminary phytochemicals of Psidium guajava L. leaf of methanol extract and its cytotoxic study on 

HeLa cell lines. Inventi Rapid Ethnopharmacol. 2010, 1, 1–3. 

36. Joseph, B.; Priya, R. M.; Helen, P. M.; Sujatha, S. Bio-active compounds in essential oil and its effects of antimicrobial, cytotoxic 

activity from the Psidium guajava (L.) leaf. J. Adv. Biotechnol. 2010, 9, 10–14. 

37. Fathilah, A.; Sujata, R.; Norhanom, A.; Adenan, M. Antiproliferative activity of aqueous extract of Piper betle L. and Psidium 

guajava L. on KB and HeLa cell lines. J. Med. Plants Res. 2010, 4, 987–990. https://doi.org/10.5897/JMPR09.093. 

38. Levy, A.S.; Carley, S. Cytotoxic activity of hexane extracts of Psidium guajava L. (Myrtaceae) and Cassia alata L. (Caesalpineaceae) 

in Kasumi-1 and OV2008 cancer cell lines. Trop. J. Pharm. Res. 2012, 11, 201–207. https://doi.org/10.4314/tjpr.v11i2.5. 

39. Ashraf, A.; Sarfraz, R. A.; Rashid, M. A.; Mahmood, A.; Shahid, M.; Noor, N. Chemical composition, antioxidant, antitumor, 

anticancer and cytotoxic effects of Psidium guajava leaf extracts. Pharm. Biol. 2016, 54, 1971–1981. 

https://doi.org/10.3109/13880209.2015.1137604. 



Life 2023, 13, 346 23 of 25 
 

 

40. Phonarknguen, R.; Nobsathian, S.; Assawasuparerk, K. Effect of Betulinic acid Extraction from Guava (Psidium guajava Linn.) 

Leaves Against Human Cholangiocarcinoma Cells. Asian Pac. J. Cancer Prev. 2022, 23, 583–590. 

https://doi.org/10.31557/APJCP.2022.23.2.583. 

41. Dos Santos, R.C.; Ombredane, A. S.; Souza, J. M. T.; Vasconcelos, A. G.; Plácido, A.; das GN Amorim, A.; Barbosa, E. A.; Lima, 

F. C.; Ropke, C. D.; Alves, M. M. Lycopene-rich extract from red guava (Psidium guajava L.) displays cytotoxic effect against 

human breast adenocarcinoma cell line MCF-7 via an apoptotic-like pathway. Food Res. Int. 2018, 105, 184–196. 

https://doi.org/10.1016/j.foodres.2017.10.045. 

42. Vasconcelos, A.G.; Valim, M. O.; Amorim, A. G.; do Amaral, C. P.; de Almeida, M. P.; Borges, T. K.; Socodato, R.; Portugal, C. 

C.; Brand, G. D.; Mattos, J. S. C. Cytotoxic activity of poly-ɛ-caprolactone lipid-core nanocapsules loaded with lycopene-rich 

extract from red guava (Psidium guajava L.) on breast cancer cells. Food Res. Int. 2020, 136, 109548. https://doi.org/10.1016/j.food-

res.2020.109548. 

43. Vasconcelos, A.G.; Barros, A. L. A.; Cabral, W. F.; Moreira, D. C.; da Silva, I. G. M.; Silva-Carvalho, A. É.; de Almeida, M. P.; 

Albuquerque, L. F.; dos Santos, R. C.; S Brito, A. K. Promising self-emulsifying drug delivery system loaded with lycopene from 

red guava (Psidium guajava L.): In vivo toxicity, biodistribution and cytotoxicity on DU-145 prostate cancer cells. Cancer Nano-

technol. 2021, 12, 30. https://doi.org/10.1186/s12645-021-00103-w. 

44. Karia, P.D.; Patil, L. A.; Vakani, M. S.; Chauhan, G. M.; Gupta, S. S.; Rathod, S. P.; Patel, K. V. Chemoprevention of breast cancer 

by Psidium guajava Linn. Asian J. Pharm. Pharmacol. 2018, 5, 58–68. https://doi.org/10.31024/ajpp.2019.5.1.8. 

45. Chadarat, A.; Siriporn, O.; Songyot, A. Cytotoxicity of extracts from fruit plants against leukemic cell lines. Afr. J. Pharm. Phar-

macol. 2010, 4, 13–21. https://doi.org/10.5897/AJPP.9000092. 

46. Bontempo, P.; Doto, A.; Miceli, M.; Mita, L.; Benedetti, R.; Nebbioso, A.; Veglione, M.; Rigano, D.; Cioffi, M.; Sica, V. Psidium 

guajava L. anti-neoplastic effects: Induction of apoptosis and cell differentiation. Cell Prolif. 2011, 45, 22–31. 

https://doi.org/10.1111/j.1365-2184.2011.00797.x. 

47. Priam, F.; Marcelin, O.; Marcus, R.; Wijkhuisen, A.; Smith-Ravin, E. J. Evaluation of Anti-Cancer Effects of Lycopene extracted 

from Pink Guava Psidium guajava L. and its Combination with Apigenin or Resveratrol. Res. Sq. 2021, Preprint. 

https://doi.org/10.21203/rs.3.rs-626677/v1. 

48. Salib, J.Y.; Michael, H.N. Cytotoxic phenylethanol glycosides from Psidium guaijava seeds. Phytochemistry 2004, 65, 2091–2093. 

https://doi.org/10.1016/j.phytochem.2004.06.009. 

49. Nelson, S.S.; Yadav, S.A.; Surendren, L.K. Evaluation of in vitro anticancer potential in Punica granatum, Psidium guajava, and 

Vitis vinifera seed extracts. Int. J. Res. Pharm. Sci. 2019, 10, 165–169. https://doi.org/10.26452/ijrps.v10i1.1796. 

50. Lin, H.-C.; Lin, J.-Y. Immune cell–conditioned media suppress prostate cancer PC-3 cell growth correlating with decreased 

proinflammatory/anti-inflammatory cytokine ratios in the media using 5 selected crude polysaccharides. Integr. Cancer Ther. 

2016, 15, NP13–NP25. https://doi.org/10.1177/1534735415627923. 

51. Lin, H.-C.; Lin, J.-Y. GSF3, a polysaccharide from guava (Psidium guajava L.) seeds, inhibits MCF-7 breast cancer cell growth via 

increasing Bax/Bcl-2 ratio or Fas mRNA expression levels. Int. J. Biol. Macromol. 2020, 161, 1261–1271. 

https://doi.org/10.1016/j.ijbiomac.2020.06.057. 

52. Lin, H.-C.; Lin, J.-Y. Pharmacological effects of guava (Psidium guajava L.) seed polysaccharides: GSF3 inhibits PC-3 prostate 

cancer cell growth through immunotherapy in vitro. Int. J. Mol. Sci. 2021, 22, 3631. https://doi.org/10.3390/ijms22073631. 

53. Cates, R.G.; Prestwich, B.; Innes, A.; Rowe, M.; Stanley, M.; Williams, S.; Thompson, A.; McDonald, S.; Cates, S.; Shrestha, G. 

Evaluation of the activity of Guatemalan medicinal plants against cancer cell lines and microbes. J. Med. Plant Res. 2013, 4, 2616–

2627. https://doi.org/10.5897/JMPR2013.4478. 

54. Mbaveng, A.T.; Manekeng, H. T.; Nguenang, G. S.; Dzotam, J. K.; Kuete, V.; Efferth, T. Cytotoxicity of 18 Cameroonian medic-

inal plants against drug sensitive and multi-factorial drug resistant cancer cells. J. Ethnopharmacol. 2018, 222, 21–33. 

https://doi.org/10.1016/j.jep.2018.04.036. 

55. Lee, S.-B.; Park, H.-R. Anticancer activity of guava (Psidium guajava L.) branch extracts against HT-29 human colon cancer cells. 

J. Med. Plant Res. 2010, 4, 891–896. https://doi.org/10.5897/JMPR10.043. 

56. Seo, N.; Ito, T.; Wang, N.; Yao, X.; Tokura, Y.; Furukawa, F.; Takigawa, M.; Kitanaka, S. Anti-allergic Psidium guajava extracts 

exert an antitumor effect by inhibition of T regulatory cells and resultant augmentation of Th1 cells. Anticancer Res. 2005, 25, 

3763–3770. 

57. Wang, Y.; Duan, M.; Zhao, L.; Ma, P. Guajadial inhibits NSCLC growth and migration following activation of the VEGF recep-

tor-2. Fitoterapia 2018, 129, 73–77. https://doi.org/10.1016/j.fitote.2018.06.011.  

58. Beniston, R.G.; Campo, M.S. Quercetin elevates p27Kip1 and arrests both primary and HPV16 E6/E7 transformed human 

keratinocytes in G1. Oncogene 2003, 22, 5504–5514. https://doi.org/10.1038/sj.onc.1206848. 

59. Choi, J.-A.; Kim, J.-Y.; Lee, J.-Y.; Kang, C.-M.; Kwon, H.-J.; Yoo, Y.-D.; Kim, T.-W.; Lee, Y.-S.; Lee, S.-J. Induction of cell cycle 

arrest and apoptosis in human breast cancer cells by quercetin. Int. J. Oncol. 2001, 19, 837–844. 

https://doi.org/10.3892/ijo.19.4.837. 

60. Ong, C.S.; Tran, E.; Nguyen, T. T.; Ong, C. K.; Lee, S. K.; Lee, J. J.; Ng, C. P.; Leong, C.; Huynh, H. Quercetin-induced growth 

inhibition and cell death in nasopharyngeal carcinoma cells are associated with increase in Bad and hypophosphorylated reti-

noblastoma expressions. Oncol. Rep. 2004, 11, 727–733. https://doi.org/10.3892/or.11.3.727. 



Life 2023, 13, 346 24 of 25 
 

 

61. Baud, V.; Karin, M. Is NF-κB a good target for cancer therapy? Hopes and pitfalls. Nat. Rev. Drug Discov. 2009, 8, 33–40. 

https://doi.org/10.1038/nrd2781. 

62. Kinoshita, T.; Takahashi, Y.; Sakashita, T.; Inoue, H.; Tanabe, T.; Yoshimoto, T. Growth stimulation and induction of epidermal 

growth factor receptor by overexpression of cyclooxygenases 1 and 2 in human colon carcinoma cells. Acta (BBA)-Mol. Cell Biol. 

Lipids 1999, 1438, 120–130. https://doi.org/10.1016/S1388-1981(99)00034-7. 

63. Menter, D.G.; DuBois, R.N. Prostaglandins in cancer cell adhesion, migration, and invasion. Int. J. Cell Biol. 2012, 2012, 723419. 

https://doi.org/10.1155/2012/723419. 

64. Sahin, F.; Kannangai, R.; Adegbola, O.; Wang, J.; Su, G.; Torbenson, M. mTOR and P70 S6 kinase expression in primary liver 

neoplasms. Clin. Cancer Res. 2004, 10, 8421–8425. https://doi.org/10.1158/1078-0432.CCR-04-0941. 

65. Xu, G.; Zhang, W.; Bertram, P.; Zheng, X. F.; McLeod, H. Pharmacogenomic profiling of the PI3K/PTEN-AKT-mTOR pathway 

in common human tumors. Int. J. Oncol. 2004, 24, 893–900. https://doi.org/10.3892/ijo.24.4.893. 

66. Testa, J.R.; Bellacosa, A. AKT plays a central role in tumorigenesis. Proc. Natl. Acad. Sci. USA 2001, 98, 10983–10985. 

https://doi.org/10.1073/pnas.211430998. 

67. Wendel, H.-G.; Stanchina, E. d.; Fridman, J. S.; Malina, A.; Ray, S.; Kogan, S.; Cordon-Cardo, C.; Pelletier, J.; Lowe, S. W. Survival 

signaling by Akt and eIF4E in oncogenesis and cancer therapy. Nature 2004, 428, 332–337. https://doi.org/10.1038/nature02369. 

68. Knight, T.; Irving, J.A.E. Ras/Raf/MEK/ERK pathway activation in childhood acute lymphoblastic leukemia and its therapeutic 

targeting. Front. Oncol. 2014, 4, 160. https://doi.org/10.3389/fonc.2014.00160. 

69. Santarpia, L.; Lippman, S.M.; El-Naggar, A.K. Targeting the MAPK–RAS–RAF signaling pathway in cancer therapy. Expert 

Opin. Ther. Targets 2012, 16, 103–119. https://doi.org/10.1517/14728222.2011.645805. 

70. Neuhouser, M.L. Dietary flavonoids and cancer risk: Evidence from human population studies. Nutr. Cancer 2004, 50, 1–9. 

https://doi.org/10.1207/s15327914nc5001_1. 

71. Luo, H.; Rankin, G. O.; Liu, L.; Daddysman, M. K.; Jiang, B.-H.; Chen, Y. C. Kaempferol inhibits angiogenesis and VEGF ex-

pression through both HIF dependent and independent pathways in human ovarian cancer cells. Nutr. Cancer 2009, 61, 554–

563. https://doi.org/10.1080/01635580802666281. 

72. Marfe, G.; Tafani, M.; Indelicato, M.; Sinibaldi-Salimei, P.; Reali, V.; Pucci, B.; Fini, M.; Russo, M. A. Kaempferol induces apop-

tosis in two different cell lines via Akt inactivation, Bax and SIRT3 activation, and mitochondrial dysfunction. J. Cell. Biochem. 

2009, 106, 643–650. https://doi.org/10.1002/jcb.22044. 

73. Yi, X.; Zuo, J.; Tan, C.; Xian, S.; Luo, C.; Chen, S.; Yu, L.; Luo, Y. Kaempferol, a flavonoid compound from gynura medica 

induced apoptosis and growth inhibition in MCF-7 breast cancer cell. Afr. J. Tradit. Complement. Altern. Med. 2016, 13, 210–215. 

https://doi.org/10.21010/ajtcam.v13i4.27. 

74. Giovannucci, E.; Ascherio, A.; Rimm, E. B.; Stampfer, M. J.; Colditz, G. A.; Willett, W. C. Intake of carotenoids and retino in 

relation to risk of prostate cancer. J. Natl. Cancer Inst. 1995, 87, 1767–1776. https://doi.org/10.1093/jnci/87.23.1767. 

75. Gloria, N.F.; Soares, N.; Brand, C.; Oliveira, F. L.; Borojevic, R.; Teodoro, A. J. Lycopene and beta-carotene induce cell-cycle 

arrest and apoptosis in human breast cancer cell lines. Anticancer Res. 2014, 34, 1377–1386. 

76. Yan, X.; Qi, M.; Li, P.; Zhan, Y.; Shao, H. Apigenin in cancer therapy: Anti-cancer effects and mechanisms of action. Cell Biosci. 

2017, 7, 50. https://doi.org/10.1186/s13578-017-0179-x. 

77. Ono, M.; Takeshima, M.; Nakano, S. Mechanism of the anticancer effect of lycopene (tetraterpenoids). Enzymes 2015, 37, 139–

166. https://doi.org/10.1016/bs.enz.2015.06.002. 

78. Varoni, E.M.; Lo Faro, A. F.; Sharifi-Rad, J.; Iriti, M. Anticancer molecular mechanisms of resveratrol. Front. Nutr. 2016, 3, 8. 

https://doi.org/10.3389/fnut.2016.00008. 

79. Morgan, D.A.; Ruscetti, F.W.; Gallo, R. Selective in vitro growth of T lymphocytes from normal human bone marrows. Science 

1976, 193, 1007–1008. https://doi.org/10.1126/science.181845. 

80. Zhou, Y.; Weyman, C. M.; Liu, H.; Almasan, A.; Zhou, A. IFN-γ induces apoptosis in HL-60 cells through decreased Bcl-2 and 

increased Bak expression. J. Interf. Cytokine Res. 2008, 28, 65–72. https://doi.org/10.1089/jir.2007.0025. 

81. Gómez-Lomelí, P.; Bravo-Cuellar, A.; Hernández-Flores, G.; Jave-Suárez, L. F.; Aguilar-Lemarroy, A.; Lerma-Díaz, J. M.; 

Domínguez-Rodríguez, J. R.; Sánchez-Reyes, K.; Ortiz-Lazareno, P. C. Increase of IFN-γ and TNF-γ production in CD107a+ NK-

92 cells co-cultured with cervical cancer cell lines pre-treated with the HO-1 inhibitor. Cancer Cell Int. 2014, 14, 100. 

https://doi.org/10.1186/s12935-014-0100-1. 

82. Wang, R.; Jaw, J. J.; Stutzman, N. C.; Zou, Z.; Sun, P. D. Natural killer cell-produced IFN-γ and TNF-α induce target cell cytolysis 

through up-regulation of ICAM-1. J. Leukoc. Biol. 2011, 91, 299–309. https://doi.org/10.1189/jlb.0611308. 

83. Beatty, G.L.; Paterson, Y. IFN-γ-dependent inhibition of tumor angiogenesis by tumor-infiltrating CD4+ T cells requires tumor 

responsiveness to IFN-γ. J. Immunol. 2001, 166, 2276–2282. https://doi.org/10.4049/jimmunol.166.4.2276. 

84. Lee, H.L.; Jang, J. W.; Lee, S. W.; Yoo, S. H.; Kwon, J. H.; Nam, S. W.; Bae, S. H.; Choi, J. Y.; Han, N. I.; Yoon, S. K. Inflammatory 

cytokines and change of Th1/Th2 balance as prognostic indicators for hepatocellular carcinoma in patients treated with 

transarterial chemoembolization. Sci. Rep. 2019, 9, 3260. https://doi.org/10.1038/s41598-019-40078-8. 

85. Kostoglou-Athanassiou, I.; Ntalles, K.; Markopoulos, C.; Athanassiou, P.; Gogas, J.; Proukakis, C. Thyroid function in postmen-

opausal women with breast cancer on tamoxifen. Eur. J. Gynaecol. Oncol. 1998, 19, 150–154. 

86. Lim, T.K.; Khoo, K.C. Guava in Malaysia: Production, Pests and Diseases; Tropical Press: Kuala Lumpur, Malaysia, 1990. 



Life 2023, 13, 346 25 of 25 
 

 

87. Akerele, O. Nature’s medicinal bounty: Don’t throw it away. World Health Forum 1993, 14, 390–395. 

88. Wei, L.; Li, Z.; Chen, B. Clinical study on treatment of infantile rotaviral enteritis with Psidium guajava L. Chin. J. Integr. Tradit. 

West. Med. 2001, 7, 86–89. https://doi.org/10.1007/BF02935007. 

89. Lozoya, X.; Reyes-Morales, H.; Chávez-Soto, M. A.; del Carmen Martı́nez-Garcıá, M. a.; Soto-González, Y.; Doubova, S. V. In-
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