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Abstract. Red raspberries are gaining attention more and more for their nutritional and bioactive components, with poten-
tial health effects such as antitumor properties. This review aims to describe the antioxidant activities of red raspberries,
emphasizing the role of anthocyanins and ellagitannins as primary contributors among red raspberry polyphenols; it also
outlined the connection between red raspberries and their role in inhibiting cancer cell growth by regulating oxidative stress.
Numerous studies suggest that red raspberries are able to block cancer cell progression by inhibiting proliferation, migration,
and autophagy, as well as regulating the cell cycle, angiogenesis, and DNA damage repair. This review sheds light to the
growing evidence supporting antioxidants as a crucial link between fruit consumption and cancer prevention.
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1. Introduction

Cancer is a major threat to global human health and one of the leading causes of death [1]. The uncontrolled
growth, proliferation and migration of cells lead to the formation of cancer [2, 3]. At present, the main tumor
treatments are radiation, chemotherapy and combined therapy [4]. However, conventional chemotherapy and
radiotherapy have significant toxic and side effects on healthy tissues, which affect the therapeutic effect to some
extent [5]. Therefore, it is very important to develop some alternatives, such as natural products as sources of
anti-tumor drugs.

The World Health Organization recommended consuming more than 400 g/day of fruits and vegetables to
reduce the risk of some cancers and improve overall health [6]. The strong link between cancer prevention
and a nutritious diet is often attributed to the chemopreventive and antioxidant properties exerted by bioactive
compounds found in fruits and vegetables [7–9]. Fruits, particularly berries, serve as outstanding reservoirs of
natural antioxidants and constitute a vital element in a wholesome diet [10].

Red raspberry is a fruit of the Rubus genus native to Europe [11]. Rich in nutrients and bioactive ingredi-
ents, red raspberries have the ability to block the pathogenic processes of a variety of human diseases, such
as cardiovascular disease, diabetes, obesity and Alzheimer’s disease, which are closely related to antioxidant
and anti-inflammatory activity [12]. Red raspberries are rich in polyphenols, which are mainly composed of
anthocyanins and ellagitannins [13]. Anthocyanins are natural pigments that have been shown to reduce the
risk of the vast majority of cancers. Anthocyanins have strong antioxidant capacity by scavenging free radicals,
reducing DNA damage, and preventing tumorigenesis [14]. To better understand the health-promoting poten-
tial of red raspberries to regulate cancer risk and their links to oxidation, we gathered recent articles from the
Web of Science through separate or cross-searches using keywords: red raspberry, polyphenols, anthocyanins,
ellagitannins, oxidation, cancer.

2. Nutritional and phytochemical compounds of red raspberry

The main chemical components of red raspberry include vitamins, proteins, organic acids, sugars, and polyphe-
nols [6, 10, 15]. Red raspberries are rich in vitamins, with a vitamin C content of 26.2 mg per 100 g raw raspberries
(one of the reasons for their antioxidant capabilities), and a vitamin K content of 7.8 �g. In addition, the pro-
tein content is 1.2 g/100 g, and the total sugar content is 4.42 g, mainly glucose (dextrose) (1.86 g) and fructose
(2.23 g) [16]. Regarding organic acids, a study of 14 species of wild red raspberries showed that the organic
acids were dominated by citric acid, with a content of 2.95 ± 0.19 to 13.85 ± 2.38 g/100 g dry weight, followed
by malic acid, with a content of 0.31 ± 0.02 to 2.37 ± 0.26 g/100 g dry weight [15].

Red raspberries have been found to possess unique polyphenolic compound characteristics, especially antho-
cyanins and ellagitannins [10].

Anthocyanins are water-soluble pigments that give plants, fruits and vegetables their brilliant colors. Antho-
cyanins accounted for 78.13% of the red pigment of red raspberries [17]. The main types of anthocyanins
in red raspberries include cyanidin-3-sophoroside, cyanidin-3-(2G-glucosylrutinoside), cyanidin-3-rutinoside,
cyanidin-3-glucoside, cyanidin-3-xylosylrutinoside, pelargonidin-3-sophoroside and pelargonidin-3-glucoside
[17–19]. The anthocyanins content in red raspberries varies with different processing methods: approxi-
mately 92.1 ± 19.7 mg/100 g in fresh red raspberries [10], 13.88 ± 1.21 to 38.43 ± 2.75 mg/100 g in frozen
red raspberries, 30.96 ± 5.34 to 65.29 ± 3.37 mg/100 g in red raspberry juice concentrates, and 10.89 ± 0.94
to 27.11 ± 1.15 mg/100 g in red raspberry puree samples [20].

Ellagitannins are important polyphenols in red raspberries, classified as hydrolysable tannins. They are esters
of hexahydroxy biphenyls composed of a glucose or quinic acid core [21]. Ellagitannins are found in some
berries especially genus Rubus such as raspberry, cloudberry, blackberry, arctic bramble as well as nuts and oak-
aged wines [22–24]. The major ellagitannins in red raspberries are composed of sanguiin H-6 and lambertianin
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C identified by ESI-MS [25]. Sanguiin H-10, monomeric casuarictin, tetrameric lambertianin D, potentillin,
dimericnobotanin A, pedunculagin and other ellagitannins are also detected in red raspberries [25, 26]. Like
anthocyanins, ellagitannins content are affected by variety, season, and storage method [27, 28]. Mazur, Nes
[29] studied ten varieties of red raspberries and found average sanguiin H-6 and lambertianin C levels of 38 and
55 mg/100 g, respectively. Like anthocyanins, also ellagitannin contents change with storage and with different
processing methods: for example, a decrease of 14 % of lambertianin C was detected in red raspberry jam after
3 months of storage in dark at 20◦C compared to fresh jam, while sanguiin H6 remained stable [30].

3. Oxidative stress in cancer

Oxidative stress is caused by an imbalance between reactive oxygen species (ROS) and the antioxidant system
[31]. ROS include hydroxyl radicals (HO•), superoxide radicals (O2

•–), and non-radical molecules such as
hydrogen peroxide (H2O2) [32]. These molecules are primarily produced from oxygen in a variety of metabolic
reactions that occur primarily in the mitochondria, endoplasmic reticulum (ER), and peroxisome. Mitochondria
are thought to be the main source of ROS because about 2% of the oxygen consumed in mitochondria is converted
to superoxide [33], while the folding of proteins in ER to form disulfide bonds requires an oxidizing environment
and produces ROS [34]; peroxisomes produce ROS through �-oxidation of fatty acids and the reaction of flavin
oxidase, and reduce ROS levels through catalase-mediated H2O2 [34]. ROS production includes both enzymatic
and non-enzymatic reactions. The enzymes involved in enzymatic reactions include xanthine oxidase, NADPH
oxidase, uncoupled endothelial nitric oxide synthase (eNOS), arachidonic acid and cytochrome P450 enzymes.
The production of ROS by the mitochondrial respiratory chain is a non-enzymatic process [35].

The occurrence of cancer is affected by intrinsic factors, endogenous factors and exogenous factors. At present,
it is generally believed that in the early stage of cancer development, the elevation of ROS has a tumor promoting
effect [36]. Generally, ROS acts as signaling molecules to activate different pathways to promote cell proliferation
and growth, and to activate anti-stress responses. ROS produced within cells can be counteracted by antioxidant
enzymes such as catalase (CAT), superoxide dismutase (SOD), or glutathione (GSH) systems, allowing oxidative
lipids, proteins, and DNA to be repaired [37, 38]. However, when ROS levels exceed a cell’s antioxidant regulatory
capacity, extensive damage to the cell’s components occurs, increasing the chance of mutations in cancer-related
genes and tumor suppressor genes [39–41].

ROS activates nuclear factor-κB (NF-κB) pathway closely associated with apoptosis (by reducing levels of
anti-apoptotic proteins B-cell lymphoma-2 (Bcl-2) and B-cell lymphoma-extra large (Bcl-XL)) and tumorigenesis
(by regulating genes associated with cell proliferation, genes associated with angiogenesis, cancer-related pro-
inflammatory factors, and antioxidant enzymes) [42–44]. H2O2 activates phosphoinositide 3-kinases (PI3K)
pathway by inhibiting the phosphorylation of PTEN (phosphatase and tensin homolog) by oxidizing cysteine
active site [45]. The activation of PI3K is closely related to cancer, and the inhibition of PI3K pathway by
various inhibitors in clinical trials has been used in a variety of cancers, such as breast, pancreatic, ovarian,
lung cancer, hematological malignancies and melanoma [45–47]. Mitogen-activated protein kinases (MAPK)
activation phosphorylates a variety of protein kinases that control cell proliferation, differentiation, migration, and
cell death [48,49]. Activation of the MAPK pathway is closely related to ROS production, and it has been shown
that direct exposure to oxidative environments and elevated ROS activate MAKP and epidermal growth factor
(EGF) [50]. ROS not only regulates p53, but also the downstream signal factor of p53 [51]. Hypoxia-inducible
factor 1� (HIF-1�) has been extensively studied as a transcription factor in a variety of cancers, and it is regulated
by oxygen and ROS [52–54], which is reported to be closely related to gene expression involved in angiogenesis,
cell migration, and glucose transport periods [55, 56]. Nuclear factor erythroid 2-related factor 2 (NRF2) is
also a transcription factor involved in regulating the expression of a variety of cell protection genes, including
autophagy, apoptosis, proliferation, and DNA repair [57, 58]. NRF2 directly regulates ROS detoxification by
regulating GSH, and also regulates ROS homeostasis by regulating free Fe(ii) [59].
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Table 1

Antioxidant activities of red raspberry in vitro and in vivo studies

Cell line/animal model Dose Direct target/ interaction protein Reference

HSC-T6 hepatic cells 250 �g/mL of red raspberries extract Catalase↑; NRF2↑; HO-1↑ [65]

HaCaT cells 200 �g/mL of red raspberries extract SOD↑; NRF2↑; HO-1↑; NF-κB↓;

COX-2↓; DNA damage↓
[66]

Normal human dermal

fibroblasts

100 �g/mL of Rubus idaeus L. MAPK↓; NF-κB↓; TGF-�↓; NRF2↓ [67]

Caco-2 cells 10 �g/mL of red raspberries extract NRF2↑; NO↑ [68]

3T3-L1 adipocytes 20 �g/mL of red raspberries extract SOD↑; GPx↑; IL-6↓; TNF-�↓;

IL-1�↓; MCP-1↓; leptin↓
[69]

3T3-L1 adipocytes 10 and 20 �M raspberry ketone PPAR�↓; C/EBP�↓ [70]

SH-SYSY cells 50 �M of neolignans Cell apoptosis↑; ROS↑ [71]

Wistar rats 50, 100, 200 mg/kg/day raspberry

ketone for 28 days

SOD↑; GSH↑; GPx↑, SOD↑;

TNF-�↓; MDA↓
[72]

C57BL/6J mice diet supplemented with 2%, 4%, and

8% red raspberry

GSH↑; catalase↑; GPx↑ [73]

Male Swiss albino mice Oral administration of 100 and

200 mg/kg raspberry ketone for 14

days

NF-κB↓ [74]

Wistar rats 100 and 200 mg/kg of raspberry

ketone for 28 days

PPAR-�↑ [75]

Obese diabetic (db/db)

mice

diet supplemented with 5.3%

freeze-dried raspberry for 8 weeks

GPx↑; IL-6↓ [76]

Acronyms: nuclear factor erythroid 2-related factor 2 (NRF2); heme oxygenase-1 (HO-1); superoxide dismutase (SOD); nuclear factor-

κB (NF-κB); cyclooxygenase 2 (COX-2); mitogen-activated protein kinase (MAPK); transforming growth factor � (TGF-�); glutathione

peroxidase (GPx); interleukin 6 (IL-6); interleukin 1� (IL-1�); monocyte-chemoattractant protein 1 (MCP-1); proliferator-activated receptor-

� (PPAR�); CCAAT enhancer binding protein-� (C/EBP�); glutathione (GSH); malondialdehyde (MDA).

Oxidative stress is one of the most important factors which promote the occurrence of cancer. ROS could
control cell proliferation, induce DNA damage, and regulate the tumor angiogenesis through modulate multiple
signal transduction pathways include NF-κB, p53, MAPKs, PI3K, HIF-1� and NRF2.

4. Antioxidant activity of red raspberry

Raspberries are known to contain the highest antioxidant levels among fruits [18]. Anthocyanins and ellagitan-
nins are the primary contributors to the antioxidant capacity of raspberries, accounting for 25% and 52% of the
total, respectively [60]. Red raspberries have demonstrated the ability to influence oxidative stress in chemical
assays, in vitro cell experiments, and in vivo animal models [61–64]. Here, we will elucidate the regulatory
effects of red raspberries on oxidative stress across various models.

Further in vitro cell experiments showed that extract of red raspberry, especially polyphenols, had protective
effects on oxidative stress in cells (Table 1). Red raspberries extract, containing key components such as cyanidin,
ellagic acid, pelagonidin-3-sophoroside, methylquercetin-pentose conjugate, and cyanidin-3-rutinoside, attenu-
ated HSC-T6 hepatic cells oxidative stress induced by dimethylnitrosamine. It also alleviated oxidative damage
and protein carbonylation by upregulating NRF2 and heme oxygenase-1 (HO-1) levels [65]. Wang, Cheng [66]
also reported that red raspberries extract up-regulated NRF2 and HO-1 to reduce UV-induced oxidative DNA
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damage in HaCaT cells. Red raspberries, mainly composed of sanguiin H-6 and lambertianin C, prevented
UV-induced skin photooxidation by inhibiting MAPK and NF-κB pathways and activating transforming growth
factor � (TGF-�) and NRF2 genes in normal human dermal fibroblasts [67]. Red raspberries extract has a pro-
tective effect on the oxidative stress of Caco-2 cells infected with E. coli by enhancing the NRF2 pathway and
NO production [68].

Lipid accumulation in cells leads to oxidative stress and dysregulation of adipokines. Red raspberries extract
decreased ROS production by increasing SOD and glutathione peroxidase (GPx) levels in 3T3-L1 cells [69].
Consistent with this, raspberry ketone, a natural polyphenol of red raspberries, inhibited lipid accumulation in
3T3-L1 cells by inhibiting proliferator-activated receptor-� (PPAR�) and CCAAT enhancer binding protein-�
(C/EBP�) expression [70]. Similarly, neolignans from red raspberry attenuated cell apoptosis, ROS production
and mitochondrial dysfunction induced by H2O2 in SH-SYSY cells [71].

In vivo animal studies have further deepened our understanding of the antioxidant activity of red raspberry
(Table 1). In rats with nonalcoholic fatty liver disease (NAFLD), raspberry ketone increased SOD and GSH
levels in the liver, decreased tumor necrosis factor-� (TNF-�), malondialdehyde (MDA) levels, and mitigated
liver steatosis and inflammation [72]. Moreover, red raspberries were found to ameliorate alcoholic liver disease
by attenuating alcohol-induced oxidative stress in the liver through increased levels of antioxidants such as
GSH, catalase, and GPx [73]. In a lung toxicity model induced by cyclophosphamide in male Swiss albino
mice, oral administration of 100 and 200 mg/kg raspberry ketone for 14 days improved lung health by inhibiting
oxidative stress and the NF-κB pathway [74]. Raspberry ketone also improved cardiotoxicity, oral administration
of raspberry ketone for 28 days mitigated isoproterenol-induced oxidative stress and dyslipidemia, and increased
levels of proliferator-activated receptor-� (PPAR-�) in rats [75]. In an obese diabetic (db/db) mouse model, red
raspberries extract reduced blood ROS levels and increased GPx activity [76].

5. Anticarcinogenic effect of red raspberry

Red raspberries have demonstrated anticancer activity in vitro and in vivo studies. They have been shown to
have multiple anticancer effects including inhibiting proliferation, inducing apoptosis, inhibiting migration and
angiogenesis, inhibiting tumor cell cycle progression, and repairing DNA damage (Table 2).

Concerning tumor viability and incidence, for example, red raspberries extract showed different inhibitory
effects on breast cancer cells (90% death), stomach cancer cells (10% death) and colon cancer cells (10% death)
[77]. Regarding in vivo models, in a 30-week experiment, adding 5% red raspberry to the diet reduced the
incidence of esophageal cancer induced by N-nitrosomethylbenzylamine in male F344 rats [78].

The decrease or loss of apoptosis leads to wireless proliferation and metastasis of tumor cells. Apoptosis is
influenced by many cytokines and mitochondria [79]. Current studies have shown that red raspberries significantly
induced tumor cell apoptosis. In this context, Seeram, Adams [80] found that red raspberries extract promoted
the apoptosis of human oral (KB, CAL-27), breast (MCF-7), colon (HT-29, HCT116), and prostate (LNCaP)
tumor cell lines and increased the level of cyclooxygenase 2 (COX-2) in HT-29 cells. Red raspberries extract
inhibited also liver cancer cell proliferation and promoted cell apoptosis by reducing the Bcl-2/ Bcl-2-associated
x (Bax) protein ratio and reducing mitochondrial membrane potential [81]. Bcl-2 protein can inhibit the opening
of mitochondrial permeability transition pore, inhibit the activation of Caspase system, and prevent cell apoptosis.
Ellagitannin in red raspberry also showed the effect of promoting tumor cell apoptosis. Apoptosis of Caco-2
cells was induced by red raspberry ellagitannin preparation (40–160 �g/mL), sanguiin H-6 (26.7–256) �M and
lambertianin C (18.9–378 �M) [82]. After exposing A2780 human ovarian carcinoma cells to a 24-hour treatment
with 40 �M sanguiin H-6, the p38 pathway was activated, facilitating apoptosis. This suggests that sanguiin H-6
may have therapeutic potential in inducing programmed cell death in ovarian carcinoma cells [83].

Cancer cells, lacking normal growth controls, demonstrate a loss of cell cycle regulation and possess unlimited
reproductive potential and self-sufficiency in growth signals [84]. The cell cycle is regulated by cyclins, cyclin-
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Table 2

Anti-cancer activities of red raspberry in in vitro and in vivo studies

Cell line/animal model Dose Effect(s) Direct target/ interaction

protein

Reference

HepG2 and Huh7 cell lines 50 mg/mL of red raspberries

extract

Proliferation↓;

apoptosis↑; arrested cell

cycle progression at the

S phase

Cyclin E1↓; cyclin A↓.

CDK2↓; cyclin B1↑;

methylation status of the

PTEN↓; P-AKT(Ser473)↓

[85]

AGS stomach cancer cell

lines; LoVo colon cancer cell

lines; MCF-7 breast cancer

cell lines

11 mg/mL of Meeker red

raspberries extract

Proliferation↓ [77]

A549 lung cancer cell lines Proliferation↓;

migration↓; invasion↓
Cyclin D1↓; N-cadherin↓;

vimentin↓; EGFR↓;

STAT3↓; E-cadherin↑

[86]

Human oral (KB, CAL-27);

breast (MCF-7); colon

(HT-29, HCT116); prostate

(LNCaP) tumor cell lines

200 �g/mL of red raspberries

extract

Apoptosis↑ COX-2 ↑ in HT-29 [80]

Human microvascular

endothelial cells (HMVECs)

Red raspberry phenolic

compound extract (50 �g gallic

acid equivalents /mL)

Endothelium viability↓;

proliferation↓;

migration ↓;

capillary-like structures

formation↓

P-VEGFR-2↓ [89]

HepG2 cells 30 and 60 mg/mL red

raspberries extract

Proliferation↓;

apoptosis↑
Bcl-2/Bax protein ratio↓
Caspase-3↑

[81]

Caco-2 Red raspberry ellagitannin

preparation (40–160 �g/mL);

sanguiin H-6 (26.7–256) �M;

lambertianin C (18.9–378 �M)

Apoptosis↑ Double-strand breaks↑ [82]

A2780 human ovarian

carcinoma cells

Sanguiin H-6 (40 �M) Proliferation↓;

apoptosis↑
p38↑; MAPK↑ [83]

Diethylnitrosamine induced

liver injury model in rats

3.0 g/kg body weight of red

raspberries extract for 20 weeks

Proliferation↓;

apoptosis↑
VEGF↓; PCNA↓ [90]

Dextran sulfate sodium

induced colitis in male

C57BL/6J mice

Diet supplemented with 5% red

raspberries for 10 weeks

Proliferation↓ COX-2↓; PCNA↓;

P-STAT3↓; p53↑; Bcl2↓,

Mcl1↓, cyclin D1↓

[91]

Female CD-1 mice Diet supplemented with 5% red

raspberries for 3 weeks

DNA repair↑ 8-oxo-deoxyguanosine↓ [91]

N-nitrosomethylbenzylamine

induced esophageal cancer in

male F344 rats

Diet supplemented with 5% red

raspberries for 30 weeks

Tumor incidence↓ IL-5↓ [78]

Acronyms: epidermal growth factor receptor (EGFR); signal transducer and activator of transcription 3 (STAT3); phosphorylated signal

transducer and activator of transcription 3 (P-STAT3); phosphorylated activate protein kinase B (P-AKT); cyclooxygenase 2 (COX-2);

vascular endothelial growth factor (VEGF); phosphorylated vascular endothelial growth factor receptor 2 (P-VEGFR-2); antiapoptotic B

cell lymphoma 2 (Bcl2); Bcl-2-associated x (Bax); mitogen-activated protein kinase (MAPK); proliferating cell nuclear antigen (PCNA);

myeloid cell leukemia 1 (Mcl1); interleukin 5 (IL-5).
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dependent kinases (CDKs), and transcription factors. The G1 phase, where the cell readies itself for DNA
synthesis, is governed by cyclin D and CDK4/6 in early G1, transitioning to the activation of the cyclin E/CDK2
complex in late G1. The cyclin E/CDK2 complex is key in transitioning from G1 to S phase, while the cyclin
A/CDK2 complex controls DNA replication and propels cell cycle progression through the S phase. Loss of
the cyclin A/CDK2 complex results in S phase arrest. Furthermore, the cyclin B-associated cdc2 regulates the
G2/M phases [85]. Compounds targeting these processes would be beneficial in suppressing cancer progression.
Red raspberries extract inhibited the proliferation of hepatocellular carcinoma cells (HepG2 and Huh7 cells)
and arrested the cell cycle in the S phase by regulating the PTEN/ activate protein kinase B (AKT) pathway.
PTEN is a tumor suppressor gene involved in cancer cell proliferation, migration, cell cycle progression, and
differentiation. Red raspberries down-regulated levels of cell cycle-related proteins such as cyclin E1, cyclin A,
cyclin B1 and CDK2 [85]. Ren, Wang [86] also reported that red raspberries extract reduced the proliferation,
migration, invasion and epithelial-mesenchymal transformation of lung cancer cells A549 by inhibiting the
epidermal growth factor receptor/signal transducer and activator of transcription 3 (EGFR/STAT3) pathway and
reducing the expression of cyclin D1, N-cadherin and vimentin. In animal models, a 10-week diet supplemented
with 5% red raspberries reduced the expression of STAT3 signaling in mouse models of colitis induced by dextran
sulfate sodium, promoted the expression of tumor suppressor p53, inhibited the expression of p53 downstream
signals Bcl2, myeloid cell leukemia 1 (Mcl1), and cyclin D1, and reduced the risk of colon cancer development
in colitis subjects [87].

The sustained growth and metastasis of tumor cells depend on angiogenesis, the process that leads to the
formation of new vessels and provides nutrients and oxygen for tumor cells [88]. Red raspberries extract has
been shown to have a significant effect on angiogenesis. Red raspberry polyphenols (50 �g gallic acid equivalents
/mL) inhibited cell proliferation, migration and formation of capillary-like structures in human microvascular
endothelial cells (HMVECs). It also reduced the phosphorylated expression of vascular endothelial growth factor
receptor 2 (VEGFR2), a major receptor for angiogenesis, in a dose-dependent manner [89]. An in vivo experiment
has shown that after 20 weeks of administration of 3 g/kg red raspberries extract, cell proliferation and VEGF
expression were inhibited and apoptosis was induced in liver lesion induced by diethylnitrosamine in rats [90].

Furthermore, DNA oxidative damage contributes to tumor development. Studies have shown that supple-
menting the diet with 5% red raspberries for 3 weeks increased endogenous damage in female CD-1 mice and
significantly reduced levels of 8-oxo-deoxyguanosine (a marker of DNA oxidative damage) [91].

6. Conclusions

Oxidative stress is considered a cancer-promoting factor in the early stages of the disease. Studies have
shown that red raspberries, particularly their polyphenols, including anthocyanins and ellagitannins, effectively
reduced oxidative stress both in vitro and in vivo. Anti-cancer studies on red raspberries have demonstrated
their capacity to inhibit cancer cell proliferation and migration, induce cell autophagy, regulate the cell cycle,
prevent angiogenesis, and repair DNA damage through the modulation of cytokines and pathways that are closely
associated with oxidative stress, thus suggesting that the anti-cancer effect of red raspberry is closely related to
its antioxidant activity. However, it is worth noting that most of the current focus on in vitro cell line and cancer
cell inhibition. Therefore, a systematic investigation into the in vivo antioxidant activity and anticancer effects
of red raspberries is a key focus for future research.
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[9] Armas Diaz Y, Qi Z, Yang B, Martı́nez López NM, Briones Urbano M, Cianciosi D. Betalains: The main bioactive compounds
of Opuntia spp and their possible health benefits in the Mediterranean diet. Mediterranean Journal of Nutrition and Metabolism.
2023;16(3):181-90.

[10] Skrovankova S, Sumczynski D, Mlcek J, Jurikova T, Sochor J. Bioactive Compounds and Antioxidant Activity in Different Types of
Berries. International Journal of Molecular Sciences. 2015;16(10):24673-706.

[11] Hummer KE. Rubus Pharmacology: Antiquity to the Present. Hortscience. 2010;45(11):1587-91.

[12] Burton-Freeman BM, Sandhu AK, Edirisinghe I. Red Raspberries and Their Bioactive Polyphenols: Cardiometabolic and Neuronal
Health Links. Advances in Nutrition. 2016;7(1):44-65.

[13] Mullen W, McGinn J, Lean MEJ, MacLean MR, Gardner P, Duthie GG, et al. Ellagitannins, flavonoids, and other phenolics in red
raspberries and their contribution to antioxidant capacity and vasorelaxation properties. Journal of Agricultural and Food Chemistry.
2002;50(18):5191-6.

[14] Giampieri F, Cianciosi D, Alvarez-Suarez JM, Quiles JL, Forbes-Hernández TY, et al. Anthocyanins: What do we know until now?
Journal of Berry Research. 2023;13(1):1-6.

[15] Yu YP, Yang G, Sun LY, Song XS, Bao YH, Luo T, et al. Comprehensive Evaluation of 24 Red Raspberry Varieties in Northeast China
Based on Nutrition and Taste. Foods. 2022;11(20).

[16] National nutrient database for standard reference service release 28 2016 [updated May 2016]. Available from:
http://www.ars.usda.gov/ba/bhnrc/ndl.

[17] Chen F, Sun YZ, Zhao GH, Liao XJ, Hu XS, Wu JH, et al. Optimization of ultrasound-assisted extraction of anthocyanins in red rasp-
berries and identification of anthocyanins in extract using high-performance liquid chromatography-mass spectrometry. Ultrasonics
Sonochemistry. 2007;14(6):767-78.

[18] Teng H, Fang T, Lin QY, Song HB, Liu B, Chen L. Red raspberry and its anthocyanins: Bioactivity beyond antioxidant capacity.
Trends in Food Science & Technology. 2017;66:153-65.

[19] Remberg SF, Sonsteby A, Aaby K, Heide OM. Influence of Postflowering Temperature on Fruit Size and Chemical Composition of
Glen Ample Raspberry (Rubus idaeus L.). Journal of Agricultural and Food Chemistry. 2010;58(16):9120-8.

[20] Wu XL, Sun JH, Ahuja J, Haytowitz DB, Chen P, Burton-Freeman B, et al. Anthocyanins in processed red raspberries on the US
market. Journal of Berry Research. 2019;9(4):603-13.



Z. Qi et al. / Effects of red raspberries on cancer 69

[21] Clifford MN, Scalbert A. Ellagitannins – nature, occurrence and dietary burden. Journal of the Science of Food and Agriculture.
2000;80(7):1118-25.

[22] Kähkönen MP, Hopia AI, Heinonen M. Berry phenolics and their antioxidant activity. Journal of Agricultural and Food Chemistry.
2001;49(8):4076-82.
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[40] Ayala A, Muñoz MF, Argüelles S. Lipid Peroxidation: Production, Metabolism, and Signaling Mechanisms of Malondialdehyde and
4-Hydroxy-2-Nonenal. Oxidative Medicine and Cellular Longevity. 2014;2014.

[41] Azmanova M, Pitto-Barry A. Oxidative Stress in Cancer Therapy: Friend or Enemy? Chembiochem. 2022;23(10).

[42] Morgan MJ, Liu ZG. Crosstalk of reactive oxygen species and NF-κB signaling. Cell Research. 2011;21(1):103-15.

[43] Dolcet X, Llobet D, Pallares J, Matias-Guiu X. NF-kB in development and progression of human cancer. Virchows Archiv.
2005;446(5):475-82.

[44] Zhou JJ, Yuan F, Zhang Y, Li DP. Upregulation of orexin receptor in paraventricular nucleus promotes sympathetic outflow in obese
Zucker rats. Neuropharmacology. 2015;99:481-90.

[45] Martini M, De Santis MC, Braccini L, Gulluni F, Hirsch E. PI3K/AKT signaling pathway and cancer: an updated review. Annals of
Medicine. 2014;46(6):372-83.

[46] Brown JS, Banerji U. Maximising the potential of MKT inhibitors as anti-cancer treatments. Pharmacology & Therapeutics.
2017;172:101-15.

[47] LoRusso PM. Inhibition of the PI3K/AKT/mTOR Pathway in Solid Tumors. Journal of Clinical Oncology. 2016;34(31):3803-+.

[48] Heinrich PC, Behrmann I, Haan S, Hermanns HM, Müller-Newen G, Schaper F. Principles of interleukin (IL)-6-type cytokine
signalling and its regulation. Biochemical Journal. 2003;374:1-20.

[49] Sun Y, Liu WZ, Liu T, Feng X, Yang N, Zhou HF. Signaling pathway of MAPK/ERK in cell proliferation, differentiation, migration,
senescence and apoptosis. Journal of Receptors and Signal Transduction. 2015;35(6):600-4.



70 Z. Qi et al. / Effects of red raspberries on cancer

[50] León-Buitimea A, Rodrı́guez-Fragoso L, Lauer FT, Bowles H, Thompson TA, Burchiel SW. Ethanol-induced oxidative stress is
associated with EGF receptor phosphorylation in MCF-10A cells overexpressing CYP2E1. Toxicology Letters. 2012;209(2):161-5.

[51] Liu B, Chen YM, Clair DKS. ROS and p53: A versatile partnership. Free Radical Biology and Medicine. 2008;44(8):1529-35.

[52] Wu YL, Yun DP, Zhao YJ, Wang YQ, Sun RC, Yan Q, et al. Down regulation of RNA binding motif, single-stranded interacting
protein 3, along with up regulation of nuclear HIF1A correlates with poor prognosis in patients with gastric cancer. Oncotarget.
2017;8(1):1262-77.

[53] Movafagh S, Crook S, Vo K. Regulation of Hypoxia-Inducible Factor-1a by Reactive Oxygen Species : New Developments in an Old
Debate. Journal of Cellular Biochemistry. 2015;116(5):696-703.

[54] Zapatero A, Morente M, de Vidales CM, Adrados M, Lopez C, Nieto S, et al. HIF1A expression in localized prostate cancer treated
with dose escalation radiation therapy. Cancer Biomarkers. 2015;15(1):41-6.

[55] Lee JW, Bae SH, Jeong JW, Kim SH, Kim KW. Hypoxia-inducible factor (HIF-1)�:: its protein stability and biological functions.
Experimental and Molecular Medicine. 2004;36(1):1-12.

[56] Jiang JW, Wang K, Chen Y, Chen HN, Nice EC, Huang CH. Redox regulation in tumor cell epithelial-mesenchymal transition:
molecular basis and therapeutic strategy. Signal Transduction and Targeted Therapy. 2017;2.

[57] Taguchi K, Yamamoto M. The KeAP1-NRF2 System in Cancer. Frontiers in Oncology. 2017;7.

[58] Dodson M, de la Vega MR, Cholanians AB, Schmidlin CJ, Chapman E, Zhang DD. Modulating NRF2 in Disease: Timing Is
Everything. In: Insel PA, editor. Annual Review of Pharmacology and Toxicology, Vol 59. Annual Review of Pharmacology and
Toxicology. 592019. p. 555-75.

[59] Gorrini C, Harris IS, Mak TW. Modulation of oxidative stress as an anticancer strategy. Nature Reviews Drug Discovery.
2013;12(12):931-47.

[60] Beekwilder J, Jonker H, Meesters P, Hall RD, van der Meer IM, de Vos CHR. Antioxidants in raspberry: On-line analysis links
antioxidant activity to a diversity of individual metabolites. Journal of Agricultural and Food Chemistry. 2005;53(9):3313-20.

[61] Basu P, Maier C. In vitro antioxidant activities and polyphenol contents of seven commercially available fruits. Pharmacognosy
Research. 2016;8(4):258-64.

[62] Vara AL, Pinela J, Dias MI, Petrovic J, Nogueira A, Sokovic M, et al. Compositional Features of the “Kweli” Red Raspberry and Its
Antioxidant and Antimicrobial Activities. Foods. 2020;9(11).

[63] Wang SY, Lin HS. Antioxidant activity in fruits and leaves of blackberry, raspberry, and strawberry varies with cultivar and develop-
mental stage. Journal of Agricultural and Food Chemistry. 2000;48(2):140-6.

[64] Ma H, Johnson SL, Liu WX, DaSilva NA, Meschwitz S, Dain JA, et al. Evaluation of Polyphenol Anthocyanin-Enriched Extracts of
Blackberry, Black Raspberry, Blueberry, Cranberry, Red Raspberry, and Strawberry for Free Radical Scavenging, Reactive Carbonyl
Species Trapping, Anti-Glycation, Anti–Amyloid Aggregation, and Microglial Neuroprotective Effects. International Journal of
Molecular Sciences. 2018;19(2).

[65] Wu TH, Wang PW, Lin TY, Yang PM, Li WT, Yeh CT, et al. Antioxidant properties of red raspberry extract alleviate hepatic fibrosis
via inducing apoptosis and transdifferentiation of activated hepatic stellate cells. Biomedicine & Pharmacotherapy. 2021;144.

[66] Wang PW, Cheng YC, Hung YC, Lee CH, Fang JY, Li WT, et al. Red Raspberry Extract Protects the Skin against UVB-Induced
Damage with Antioxidative and Anti-inflammatory Properties. Oxidative Medicine and Cellular Longevity. 2019;2019.

[67] Gao W, Wang YS, Hwang E, Lin P, Bae J, Seo SA, et al. Rubus idaeus L. (red raspberry) blocks UVB-induced MMP production and
promotes type I procollagen synthesis via inhibition of MAPK/AP-1, NF-κ� and stimulation of TGF-�/Smad, Nrf2 in normal human
dermal fibroblasts. Journal of Photochemistry and Photobiology B-Biology. 2018;185:241-53.

[68] Xue YS, Du M, Zhu MJ. Raspberry extract prevents NLRP3 inflammasome activation in gut epithelial cells induced by pathogenic
Escherichia coli. Journal of Functional Foods. 2019;56:224-31.

[69] Kowalska K, Olejnik A, Zielinska-Wasielica J, Olkowicz M. Raspberry (Rubes idaeus L.) fruit extract decreases oxidation markers,
improves lipid metabolism and reduces adipose tissue inflammation in hypertrophied 3T3-L1 adipocytes. Journal of Functional Foods.
2019;62.

[70] Park KS. Raspberry ketone, a naturally occurring phenolic compound, inhibits adipogenic and lipogenic gene expression in 3T3-L1
adipocytes. Pharmaceutical Biology. 2015;53(6):870-5.

[71] Zhou L, Yao GD, Lu LW, Song XY, Lin B, Wang XB, et al. Neolignans from Red Raspberry (Rubus idaeus L.) Exhibit Enantioselective
Neuroprotective Effects against H2O2-Induced Oxidative Injury in SH-SY5Y Cells. Journal of Agricultural and Food Chemistry.
2018;66(43):11390-7.

[72] Ma YQ, Xiu WY, Wang X, Yang QH. Extraction of raspberry ketone from red raspberry and its intervention in the non-alcoholic fatty
liver disease. Applied Biological Chemistry. 2022;65(1).

[73] Zogona D, Zongo AWS, Elkhedir AE, Salah M, Tao MF, Li R, et al. Red raspberry supplementation mitigates alcohol-induced liver
injury associated with gut microbiota alteration and intestinal barrier dysfunction in mice. Food & Function. 2023;14(2):1209-26.



Z. Qi et al. / Effects of red raspberries on cancer 71

[74] Mohamed MT, Zaitone SA, Ahmed A, Mehanna ET, El-Sayed NM. Raspberry Ketones Attenuate Cyclophosphamide-Induced
Pulmonary Toxicity in Mice through Inhibition of Oxidative Stress and NF-κB Pathway. Antioxidants. 2020;9(11).

[75] Khan V, Sharma S, Bhandari U, Sharma N, Rishi V, Haque SE. Suppression of isoproterenol-induced cardiotoxicity in rats by raspberry
ketone via activation of peroxisome proliferator activated receptor-�. European Journal of Pharmacology. 2019;842:157-66.

[76] Noratto GD, Chew BP, Atienza LM. Red raspberry (Rubus idaeus L.) intake decreases oxidative stress in obese diabetic (db/db) mice.
Food Chemistry. 2017;227:305-14.

[77] God J, Tate PL, Larcom LL. Red raspberries have antioxidant effects that play a minor role in the killing of stomach and colon cancer
cells. Nutrition Research. 2010;30(11):777-82.

[78] Stoner GD, Wang LS, Seguin C, Rocha C, Stoner K, Chiu S, et al. Multiple Berry Types Prevent N-nitrosomethylbenzylamine-Induced
Esophageal Cancer in Rats. Pharmaceutical Research. 2010;27(6):1138-45.

[79] Dai XS, Zhang XY, Chen W, Chen YH, Zhang QS, Mo SJ, et al. Dihydroartemisinin: A Potential Natural Anticancer Drug. International
Journal of Biological Sciences. 2021;17(2):603-22.

[80] Seeram NP, Adams LS, Zhang YJ, Lee R, Sand D, Scheuller HS, et al. Blackberry, black raspberry, blueberry, cranberry, red raspberry,
and strawberry extracts inhibit growth and stimulate apoptosis of human cancer cells in vitro. Journal of Agricultural and Food
Chemistry. 2006;54(25):9329-39.

[81] Song LL, Li Q, Shi H, Yue H. Deciphering the Molecular Mechanism of Red Raspberry in Apoptosis of Liver Cancer Cells.
Evidence-Based Complementary and Alternative Medicine. 2022;2022.
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