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ABSTRACT 

MORAES, Luís Fernando de Sousa, D.Sc., Universidade Federal de Viçosa, 
February, 2018. Effects of dietary green pea and Hibiscus sabdariffa L. on 
intestinal diseases in mice. Adviser: Maria do Carmo Gouveia Peluzio. Co-
advisers: Helen Hermana Miranda Hermsdorff and Lisiane Lopes da Conceição. 
 

Colorectal cancer (CRC) is the third leading cause of cancer-related deaths 

worldwide. Present data has reported the role of anthocyanin-rich food/extract in 

increasing fecal short-chain fatty acids (SCFA) concentrations and NK cells 

infiltration in the large intestine mucosa, thus contributing to prevent preneoplastic 

lesions formation. We have observed that anthocyanins/anthocyanidins might 

prevent colorectal tumorigenesis due to stimulation of cell cycle arrest and 

apoptosis mechanisms, besides downregulation of pro-inflammatory and 

metastasis invasive signaling mechanisms. As inflammatory bowel disease, such 

as colitis, has been related to colorectal carcinogenesis, we have reported that 

green pea supplementation abrogates the severity of dextran sodium sulfate 

(DSS)-induced colitis in high-fat diet (HFD)-fed mice due to suppression of 

inflammation, mucin depletion and endoplasmic reticulum stress in the colon. We 

also have observed that supplementation with 5 or 10% dietary HS attenuated 

colonic ACF development in the distal colon. Total ACF counts per mouse was 

reduced by almost 29.0% in HS supplemented groups when compared to control. 

Fecal butyric and propionic acids concentrations, in addition to NK cell infiltration, 

were increased with 10% dietary HS supplementation. Hepatic catalase activity 

was enhanced in 10% dietary HS-treated mice when compared to control group. 

We might infer that dietary HS might prevent preneoplastic lesions formation due 

to modulation of SCFA and Natural Killer (NK) cells infiltration. 
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RESUMO 

MORAES, Luís Fernando de Sousa, D.Sc., Universidade Federal de Viçosa, 
fevereiro de 2018. Efeitos da ervilha verde e do Hibiscus sabdariffa L. em 
doenças intestinais em camundongos. Orientadora: Maria do Carmo Gouveia 
Peluzio. Coorientadoras: Helen Hermana Miranda Hermsdorff e Lisiane Lopes da 
Conceição.  
 

O câncer colorretal (CCR) é mundialmente a terceira maior causa de morte 

relacionadas aos cânceres em geral. Os dados atuais relatam o papel do 

alimento/extrato rico em antocianinas no aumento das concentrações fecais de 

ácidos graxos de cadeia curta (AGCC) e na infiltração de células NK (natural 

killers) na mucosa do intestino grosso, o que pode contribuir para a prevenção da 

formação de lesões pré-neoplásicas. Observamos que as antocianinas/ 

antocianidinas podem prevenir a tumorigênese colorretal devido à estimulação 

dos mecanismos de apoptose e bloqueio do ciclo celular, além de mitigar os 

mecanismos de sinalização pró-inflamatória e de metástase invasiva. Como a 

doença inflamatória intestinal, a exemplo da colite ulcerativa, tem sido relacionada 

à carcinogênese colorretal, relatamos que a suplementação de ervilha verde 

atenua os sintomas da colite induzida por sulfato dextrano de sódio (DSS) em 

camundongos alimentados com dieta rica em gordura (HFD) devido à supressão 

da inflamação, depleção de mucina e estresse do retículo endoplasmático no 

cólon. Também observamos que a suplementação com 5 ou 10% de Hibiscus 

sabdariffa L. (HS) na dieta atenuou o desenvolvimento de focos de criptas 

aberrantes (FCA) no cólon distal. A contagem total de ACF por camundongo foi 

reduzida em quase 29,0% nos grupos suplementados com HS quando 

comparados ao controle. As concentrações de ácido butírico e propiônico nas 

fezes, além da infiltração de células NK, foram aumentadas com a suplementação 

de 10% de HS na dieta. A atividade da catalase hepática foi aumentada em 10% 

nos camundongos tratados com HS quando comparados ao grupo controle. 

Podemos inferir que o HS dietético pode prevenir a formação de lesões pré-

neoplásicas devido à modulação de infiltração de células SCFA e Natural Killer 

(NK). 
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1. GENERAL INTRODUCTION 

Cancer is a multifactorial chronic disease mainly identified by unrestrained clonal 

expansion and spread of abnormal cells (1). In Brazil, cancer has been ranked as 

the second leading cause of death, after cardiac and cerebrovascular diseases 

(2). Since cancer can be initiated from an interaction between environmental, 

genetic, and lifestyle factors, controlling behavioral risk factors along with health 

services organizations has become a challenge regarding cancer control in 

developing countries (3).    

Specifically, colorectal cancer (CRC) involves the onset of aberrant crypt foci 

(ACF) and micro-adenomas that will lead to an increased replication of the upper 

crypt cells and posterior formation of adenomatous polyps (4). Recently, in Brazil 

this malignancy appears as the second and third most common cancer in women 

and men, respectively (2).  

According to a meta-analysis (5), dietary intake patterns, e.g. lower consumption 

of phytochemical-rich foods, have been reported as a significant risk factor for CRC 

development, besides inflammatory bowel disease, such as ulcerative colitis (5), a 

chronic inflammatory disorder that affects both mucosa and submucosa of the 

colon. Despite its unclear etiology, recent evidences have strongly suggested that 

phytochemical-rich foods reduce leukocytes infiltration, mitigate overproduction of 

inflammatory cytokines, and suppress mucin depletion (6-8). These events 

contribute to ameliorate ulcerative colitis symptoms, and therefore, might also 

prevent the onset of preneoplastic lesions or CRC development. 

On the one hand, consumption of green pea, a notable source of fiber and 

polyphenolics (9, 10), has suppressed inflammation in DSS-induced colitis in mice 

(11). Hibiscus sabdariffa L. (HS) calyces, on the other hand, are a cheap and 

natural rich source of anthocyanin (12, 13) that can be also stimulate for human 

consumption, such as teas, jams, and jellies. HS extracts have been implicated as 

chemopreventive, anti-tumor, and hepatoprotective agents (14, 15). 
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In order to provide a better understanding on intestinal diseases and polyphenol-

rich food, this doctoral thesis has been grounded in three main hypotheses. The 

first paper, entitled “Anthocyanins/anthocyanidins and colorectal cancer: what is 

behind the scenes?”, published in Critical Reviews in Food Science and Nutrition 

(2016 Impact Factor: 6.077), has elucidated the hypothesis that such 

phytochemicals indeed exert anti-tumor effects in vivo and in vitro by stimulating 

cell cycle arrest and apoptosis mechanisms, besides downregulating pro-

inflammatory and metastasis invasive signaling pathways. The second paper, 

entitled “Dietary green pea protects against DSS-induced colitis in mice challenged 

with high-fat diet” and published in Nutrients (2016 Impact Factor: 3.550), has 

elucidated that green pea supplementation mitigates the severity of dextran 

sodium sulfate (DSS)-induced colitis in high-fat diet (HFD)-fed mice due to 

suppression of inflammation, mucin depletion and endoplasmic reticulum stress in 

the colon. It is worth to mention that this research was part of my doctoral training 

period at Washington State University – WA, United States of America, under 

supervision of professor Mei-Jun Zhu. In addition, it has been observed that dietary 

HS might prevent preneoplastic lesions formation due to modulation of fecal SCFA 

and Natural Killer (NK) cells infiltration. This research was supervised by professor 

Peluzio and the outcomes are intended to be published in The Journal of 

Nutritional Biochemistry (2016 Impact Factor: 4.518) with the title “Dietary Hibiscus 

sabdariffa L. mitigates preneoplastic lesions development in distal colon by 

increasing fecal short-chain fatty acids concentration and infiltration of Natural 

Killer cell”. 
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2. AIMS OF THE STUDY 

2.1. GENERAL AIM 

To assess the mechanisms by which anthocyanins exert beneficial effects against 

colorectal carcinogenesis and to highlight whether dietary supplementation with 

green pea or HS might ameliorate the symptoms in DSS-induced colitis in HFD-

fed mice or prevent preneoplastic lesions development, respectively.  

2.2. SPECIFIC AIMS 

- To summarize the current scientific literature linking the mechanisms how 

anthocyanins might prevent colorectal carcinogenesis (Article 1); 

- To verify whether green pea supplementation is able to attenuate DSS-induced 

colitis symptoms in HFD-fed mice by reducing neutrophil infiltration (Article 2)  

- To assess whether dietary HS supplementation is able to prevent preneoplastic 

lesions formation by (Article 3): 

 * Characterizing HS calyces according to its nutritional composition; 

 * Characterizing HS calyces according to its polyphenols and anthocyanin 
content; 

 * Conducting an in vivo experiment, where colorectal carcinogenesis-
induced BALB/c mice will be supplemented with 5% or 10% dietary HS; 

 * Counting ACF in the large intestine of BALB/c mice induced to colorectal 
tumorigenesis; 

 * Quantifying fecal SCFA concentrations; 

 * Determining the leukocyte profile in the large intestine mucosa; 

 * Evaluating hepatic enzyme activity and hepatic-related serum markers. 
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3. RESULTS 

3.1. ARTICLE 1 (REVIEW) – Anthocyanins/anthocyanidins and colorectal cancer: 

What is behind the scenes? 

 

Luís Fernando de Sousa Moraes, Xiaofei Sun, Maria do Carmo Gouveia Peluzio, 

Mei-Jun Zhu 

 

Paper published in Critical Reviews in Food Science and Nutrition (Impact 

Factor 2016: 6.077)  
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3.2. ARTICLE 2 – Dietary green pea protects against DSS-induced colitis in mice 

challenged with high-fat diet 

 

 

Shima Bibi, Luís Fernando de Sousa Moraes, Noelle Lebow, Mei-jun Zhu 

 

 

Paper published in Nutrients (Impact Factor 2016: 3.550)  
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3.3. Article 3 – Dietary Hibiscus sabdariffa L. mitigates preneoplastic lesions 

development in distal colon by increasing fecal short-chain fatty acids 

concentration and infiltration of Natural Killer cell 

 

Luís Fernando de Sousa Moraes, Letícia De Nadai Marcon, Bruna Cristina dos 

Santos Cruz, Rafaela Cunha Matosinhos, Milena Frossard Valente, Reggiani 

Vilela Gonçalves, Helen Hermana Miranda Hermsdorff, Maria do Carmo Gouveia 

Peluzio 

 

Submission to The Journal of Nutritional Biochemistry (Impact Factor 2016: 

4.518) 
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Dietary Hibiscus sabdariffa L. mitigates preneoplastic lesions development in distal 

colon by increasing fecal short-chain fatty acids concentration and infiltration of 

Natural Killer cell  

ABSTRACT 

Background. Colorectal cancer (CRC) is the third leading cause of cancer-related 

deaths worldwide. Present data has reported the role of anthocyanin-rich 

food/extract in increasing fecal short-chain fatty acids (SCFA) concentrations and 

NK cells infiltration in the large intestine mucosa, thus contributing to prevent 

preneoplastic lesions formation. Here we hypothesized whether carcinogen-

induced aberrant crypt foci (ACF) progression in BALB/c mice fed a diet containing 

dietary Hibiscus sabdariffa L. (HS) is suppressed by modulation of fecal SCFA and 

NK cells infiltration. Furthermore, we also investigate whether such 

supplementation might induce hepatoprotective effects. Methods. Nutritional 

composition, total phenolic and total monomeric anthocyanin content were 

assessed in HS calyces. Preneoplastic colorectal lesions were induced in male 

BALB/c mice by injecting 1,2-dimethylhydrazine (20 mg/kg body weight) 

intraperitoneally. Mice were fed control or supplemented diet containing either 5 or 

10% dietary HS for 14 weeks. ACF counts, fecal SCFA concentrations and 

leukocytes infiltration were assessed. Results. Polyphenol and anthocyanin 

contents in HS calyces were found to be 57.84 mg GAE/g dw HS and 7.81 mg 

cyanidin-3 glucoside/ dw HS, respectively. Supplementation with 5 or 10% dietary 

HS attenuated colonic ACF development in the distal colon (P < 0.01). Total ACF 

counts per mouse was reduced by almost 29.0% in HS supplemented groups 

when compared to control (P < 0.01). Fecal butyric and propionic acids 

concentrations, in addition to NK cell infiltration, were increased with 10% dietary 

HS supplementation. Hepatic catalase activity was enhanced in 10% dietary HS-

treated mice when compared to control group (P < 0.01). Conclusions. Colonic 

preneoplastic lesions in carcinogenic-induced male BALB/c mice are mitigated by 

HS dietary treatment probably due to modulation of SCFA and NK cell infiltration. 

We might also infer that 10% dietary HS is quite more effective when compared to 

5%. 
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1. Introduction 

Cancer is a multifactorial chronic disease mainly identified by unrestrained clonal 

expansion and spread of abnormal cells (1). Specifically, colorectal cancer (CRC), 

the third most common cancer in both men and women in the United States (2), 

involves the onset of pre-neoplastic lesions, known as aberrant crypt foci (ACF), 

and increased replication of the upper crypt cells (3). 

A possible role of increased immune cytotoxicity has been related to ACF onset 

(4).  Natural Killer (NK) cells are minor granular lymphocytes of the innate lymphoid 

cell family with potent cytolytic activity and precise cytotoxic function (5). Identified 

in lymphocytic infiltrates, NK cells have been increasingly speculated given its 

strong antitumor potential (6). NK cells functions are tightly regulated to prevent 

the killing of healthy cells (7). Differently from noncancerous cells, preneoplastic 

cells do express specific receptors on the cell surface (8). NK cells are then able 

to recognize abnormal cells and initiate the effector immune response by releasing 

granules containing perforin, a membrane-disrupting protein, tumor necrosis 

factors (9) and other chemokines (10). Importantly, NK cell-mediated cytolysis 

might be more sensitive to cancer cells in the early stage of differentiation (11). 

NK cells interaction with target cancer cells seems to be involved with gut 

microbiota metabolites. Short-chain fatty acids (SCFA), mainly butyric acid but also 

propionic acid in a lesser extension, have been recognized as histone deacetylase 

(HDAC) inhibitors (12, 13). HDAC inhibitors can trigger hyperacetylation of 

histones, thus regulating the expression of silent genes related to apoptosis and 

cell cycle arrest (14, 15). Furthermore, the crosstalk between HDAC inhibitors and 

NK cells killing has been stablished (16). HDAC inhibitors activates specific 

pathways, which in turn improve the immunorecognition of cancer cells by NK cells 

(17, 18).  

In this regard, because anthocyanin has contributed to increase fecal butyric acid 

concentrations (19) and modulate human gut microbiota in vitro towards a positive 

butyrate-producing bacteria growth (20), we here hypothesized that dietary 

Hibiscus sabdariffa L. (HS) consumption might increase fecal SCFA 
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concentrations and NK cells infiltration, thus contributing to abrogate 1,2-

dimethylhydrazine-induced colorectal carcinogenesis in BALB/c male mice. 

HS calyces are a rich source of anthocyanins (21, 22) and can be widely used for 

consumption, e. g. teas, jams, and jellies (23). Isolated compounds from HS are 

often used as chemopreventive agents (24, 25). In addition, HS or anthocyanin-

rich extracts from HS have demonstrated no hepatotoxic action in vivo or in vitro 

(26-28). However, identifying whole foods, not only extracts, with antitumor 

properties is a noble research field in nutrition that provides natural and cheap 

alternatives to promote relevant heath benefits and, hence, CRC prevention. 

2. Methods 

2.1. HS calyces acquisition and Nutritional Composition 

HS calyces were fully acquired from a local market in Viçosa – MG, Brazil, 

immediately powdered, and kept frozen (−40°C) until analysis at the Food Analysis 

lab. Chemical composition was evaluated following the standard methodologies 

proposed by the Association of Official Analytical Chemists – AOAC (29). In brief, 

fresh HS calyces (∼ 10g) were allowed to dry until constant weight at 105°C to 

determine moisture (%) content (29). Crude protein (g/100g) was performed by 

Kjeldahl technique and calculated as nitrogen × 6.25 (29). Fat (g/100g) was 

determined by the Soxhlet extraction system using ethyl ether and quantified 

gravimetrically (30). Dietary fiber (g/100g) was assessed by the AOAC enzymatic-

gravimetric method (31). Ash (g/100g) content was performed by the residue left 

procedure using a muffle furnace at 550°C and quantified gravimetrically (29). As 

proximate analysis was carried out, carbohydrate (g/100g) was obtained according 

to the following calculation [100 - (Moisture + Crude protein + Fat + Dietary fiber + 

Ash)]. All analyses were performed on a dry weight (dw) basis, except for moisture 

content. 

2.2. Extraction of polyphenols in Hibiscus sabdariffa L. calyces 
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The extraction of polyphenols in HS calyces was performed at the Nutritional 

Biochemistry lab according to a modified version of the procedure proposed by 

Tseng and co-workers (32). Dried and powdered HS calyces were weighed (1 g) 

and mixed with ethanol: water (80:20, v/v) under continuous stirring for 30 minutes 

at room temperature. Extraction was performed in the dark and used to measure 

total phenolic compound content and total monomeric anthocyanins.  

2.3. Total Phenolic Compound Assessment 

The content of soluble phenols was determined at the Nutritional Biochemistry lab 

using the Folin-Ciocalteu method with some modifications (33). The formation of 

both phosphotungstate and phosphomolybdate anions turn the mixture into a 

bluish color and hence can be measured spectrophotometrically at 760 nm (34). 

Briefly, an aliquot (500 µL) of blank (distilled deionized water), standard (gallic acid, 

50 g/L) or filtered HS extract was pipetted into a test tube and mixed with 2.5 mL 

of the Folin-Ciocalteu reagent. After standing at room temperature for 2 minutes, 

a solution of sodium carbonate (75 g/L, 2 mL) was added and vortexed until 

thoroughly mixed. The solution was left standing for 15 minutes and then 

immediately cooled down to room temperature. The absorbance was measured at 

760 nm using a Multiskan GO microplate spectrophotometer (Thermo Scientific). 

Results were expressed as milligram of Gallic Acid Equivalent per gram dry weight 

HS (mg GAE/g dw HS). The yellowish FC reagent contains phosphotungstic and 

phosphomolybdic acids, which are reduced by polyphenolic antioxidants upon 

addition of an alkaline solution.  

2.4. Quantification of Total Monomeric Anthocyanins 

Total monomeric anthocyanins were determined at the Nutritional Biochemistry lab 

by the classical pH differential method as described by Lee and co-workers (35) 

with some modifications. The anthocyanin structure is reversibly modified 

according to the solution pH. At pH 1, the flavylium cation is predominantly formed, 

thus conferring a reddish color to the solution. By increasing the pH to 4.5, most 

anthocyanins are in a non-colored hemiketal form and, therefore, present little or 
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no absorbance at this pH (35). In brief, the sample appropriate dilution factor was 

necessary to be previously determined by mixing different sample aliquots (2.5-

25.0 µL) with potassium chloride buffer (0.025 M, 200 µL, pH 1) in order to find the 

best absorbance within the linear range of the spectrophotometer at 520 nm. Once 

settled, the sample appropriate dilution factor (15 µL) was then pipetted into a 96-

well plate containing potassium chloride buffer (0.025 M, 200 µL, pH 1) or sodium 

acetate buffer (0.4 M, 200 µL, pH 4). Distilled deionized water was used as blank. 

After standing for 30 minutes at room temperature in the dark, the absorbance was 

measured at 520 nm and 700 nm (to correct for haze) in a Multiskan GO microplate 

spectrophotometer (Thermo Scientific). Total monomeric anthocyanin content was 

calculated as milligram cyanidin-3 glucoside per gram dry weight HS (mg cyanidin-

3 glucoside/g dw HS) according to the following formula: 

TMA (mg/L) = [(Abs520nm − Abs700nm)pH1.0 − (Abs520nm − Abs700nm)pH4.5] × MW × DF 

× 1000 × ε-1    ,  

where TMA, total monomeric anthocyanin; Abs, absorbance; MW, molecular 

weight of cyanidin-3 glucoside = 449.2; DF, dilution factor; ε, extinction coefficient 

26,900 L.cm-1mol-1. 

2.5. Animal Care and Experimental Design 

Seven-week-old male BALB/c mice were obtained from the Central Bioterium 

(Centro de Ciências Biológicas e da Saúde) of the Universidade Federal de 

Viçosa, Brazil. The animals were housed at the Experimental Nutrition lab in a 

temperature-controlled room (22 ± 2°C) with a 12-hour light/dark cycle and ad 

libitum access to water and food. Animal protocol was approved by the Ethics 

Committee on Animal Experimentation from the Federal University of Viçosa, 

Brazil, under the process number 10/2017. Upon arrival, animals were randomly 

assigned to three experimental groups and fed during 14 weeks either a 

supplemented AIN-93M (36) containing 0 (control group, n=13), 5 (5HS group, 

n=14) or 10% (10HS group, n=15) dietary HS (dried powder from HS calyces), as 

shown in Table 1.  
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Table 1. AIN-93M diet for control and supplemented groups. 

Ingredients (g) 
Groups 

Control1 5HS2 10HS3 

Cornstarch 46.56 46.56 46.56 
Casein 14.0 14.0 14.0 
Dyetrose 15.5 15.5 15.5 
Sucrose 10.0 10.0 10.0 
Cellulose 5.0 4.54 4.08 
Mineral mix 3.5 3.5 3.5 
Vitamin mix 1.0 1.0 1.0 
L-Cystine 0.18 0.18 0.18 
Choline bitartrate 0.25 0.25 0.25 
t-Butylhydroquinone 0.0008 0.0014 0.0014 
Soybean oil 4.0 4.0 4.0 

Dietary HS 0.0 5.0 10.0 

AIN-93M, American Institute of Nutrition for maintenance. 1Control group, AIM-
93M; 25HS group, AIM-93M supplemented with 5% dietary HS; 310HS group, AIM-
93M supplemented with 10% dietary HS. 

According to the nutritional composition, HS calyces contain insignificant amounts 

of carbohydrate, crude protein and fat (Table 2). However, HS calyces presents 

9.2% as total dietary fiber. Thus, all supplemented diets were properly corrected 

by the amount of cellulose. Food was changed on a daily basis to avoid oxidation 

of anthocyanins or other polyphenols. 

We have supplemented the animals with 5 or 10% dietary HS (powdered calyces) 

taking into consideration that such dosages can be easily consumed by humans. 

The human equivalent amount of dietary HS consumed by male BALB/c mice was 

performed using the body surface area normalization method as previously 

describe (37). For instance, mice in 5HS group were supplemented with 5% dw 

dietary HS, i.e. 50 g/kg diet. In other words, dietary HS supplemented diet contains 

50 g dietary HS/kg diet. In our study, the average daily food intake was 6.72 g. 

Therefore, 50 g/1,000 g diet x 6.72 g diet/day = 336 mg dietary HS daily. 

Accordingly, if the average mice body weight was 43.38 g, then 336 mg/43.38 g x 

1,000 g = 7,745.5 mg/Kg diet per day. As reported by the group of Reagan-Shaw 
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(37), the human equivalent dose (mg/kg) = animal dose (mg/kg) x (animal Km 

factor/human Km factor). Thus, human equivalent dose (mg/kg) = 7745.5 mg/kg x 

(3/ 37) = 628.01 mg/kg. Considering that the average human adult weight is 60 kg, 

this is equal to 628.01 mg/kg x 60 kg = 37,680.6 mg, which converts to 37.7 g daily 

for humans approximately. 

All animals at 9-week-old were received a single weekly intraperitoneal injection of 

1,2-dimethylhydrazine (DMH, 20 mg/kg body weight) for 8 weeks, as shown in 

Figure 1. 

Figure 1. Experimental protocol and analysis for 1,2-dymethylhydrazine-induced 
colorectal carcinogenesis in male BALB/c mice supplemented with 5 or 10% 
dietary HS. * Number of animals randomly selected in each group. 

2.6. Tissue Harvesting 

Mice were anesthetized at the Experimental Nutrition lab with 3% isoflurane and 

blood was collected from the retro-orbital sinus. Mice were then euthanized by 

cervical dislocation. The entire colon was dissected, flushed with PBS buffer to 

remove luminal contents, cut opened along the mesenteric margin, and then fixed 

in karnovsky solution for 24 hours for ACF analysis. Fecal samples were collected 

one week before euthanasia and used for SCFA analysis. For 

immunophenotyping, after dissection, colon was flushed with cold PBS buffer (pH 

7.2), sliced in small pieces, and incubated in DMEN medium (Sigma-aldrich™) for 
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90 minutes at 37°C. Meanwhile, livers were excised, weighed, immediately frozen 

in liquid nitrogen, and kept at −80°C until determination of hepatic enzymes activity. 

2.7. Aberrant Crypt Foci Counts 

Following fixation, flat colons were equally divided into three segments (proximal, 

medium, and distal) and stained with 0.1% methylene blue for fours minutes 

(Nutritional Biochemistry lab) to quantify aberrant crypt foci under a BX-60 light 

microscope (Olympus, Tokyo, Japan) with a magnification of 20X. Since ACF size 

is closely related to the risk of developing colon tumors (38), ACF were counted 

and categorized as containing up to three aberrant crypt focus (39). 

2.8. Fecal SCFA Quantification 

SCFA quantification was assessed according to Smiricky-Tjardeset (40) with some 

modifications. Briefly, 50 mg of frozen feces were weighted and thoroughly 

vortexed with deionized water (950 µL). During incubation on ice for 30 minutes, 

samples were homogenized every 5 minutes for 2 minutes. Samples were 

centrifuged (10,000 x g, 30 minutes, 4°C) three times and the supernatants were 

then collected. The final supernatant from each sample was filtered through a 0.45 

µm membrane and transferred to vials. Acetic, propionic and butyric acids were 

measured at the Clinical Analysis lab by high performance liquid chromatography 

- HPLC (Shimadzu®) on an Aminex HPX 87H column (300 x 7,8 mm, Bio-rad®, Rio 

de Janeiro, Brazil) at 32°C with acidified water (0.005 M H2SO4) as eluent at a flow 

rate of 0.6 mL/minute. The products were detected and quantified by an ultraviolet 

detector (model SPD-20A VP) at 210 nm. Acetic, propionic, and butyric acid 

(SUPELCO®) standard curves were performed. Results are expressed as µmol 

SCFA/g feces. 

2.9. Determination of Leukocytes by Immunophenotyping 

Leukocytes were quantified and characterized in the large intestine mucosa as 

previously described (41) with some modifications. In brief, after DMEN medium 
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incubation for 90 minutes at 37°C, the suspension was centrifuged three times at 

42 x g for 5 minutes and once again at 543 x g for 10 minutes. After each 

centrifugation the supernatant was pipetted and wasted. The remaining pellet was 

then resuspended with PBS buffer (100 µL, pH 7.2). Cell viability was assessed 

with Trypan blue exclusion and cells were counted in a Neubauer chamber. 

Leukocytes obtained were incubated with following antibodies according to the 

manufacturer’s instructions:  anti-CD4 (PeCy5), anti-CD25 FITC-conjugated, anti-

CD196 or anti-CCR6 PE-conjugated, anti-CD49b or anti-PanNK APC-conjugated, 

anti-CD8 PECy7-conjugared (Biolegend, San Diego, CA, USA). Leucocytes 

(1x104 events) were acquired (FACSVerse™ and BD FACSuite software; BD 

Biosciences PharMingen San Jose, CA, USA) at the Microscopy and 

Microanalysis Center according to size (forward scatter) and granularity (side 

scatter). Single or two color staining was used to identify TCD4 lymphocytes 

(CD4+), TCD8 lymphocytes (CD8+), regulatory T cell (CD4+CD25+), Th17 

lymphocytes (96+) and Natural Killer cell (CD49b+). Results are expressed as 

mean ± SD of the percentage of each antibody specific stained subpopulation 

within the gated cells.  

2.10. Determination of Hepatic Enzyme Activity 

Preparation of Liver Homogenate. Liver samples were weighed (150 mg) and 

properly homogenized in ice-cold EDTA-containing potassium phosphate buffer 

(1.5 mL, pH 7.4) using an Ultra-Turrax homogenizer (IKA T10 basic). The 

homogenate was centrifuged at 10,000 × g for 10 minutes, at 4°C. The supernatant 

was then pipetted into eppendorf tubes and used for further hepatic enzyme 

analyses. Catalase Activity. Hepatic catalase (CAT) activity was assessed at the 

Nutritional Biochemistry lab according to the method proposed by Aebi (42), where 

the hydrogen peroxide (H2O2) removal is periodically (0, 30, and 60 seconds) 

monitored using a Multiskan GO microplate spectrophotometer (Thermo Scientific) 

at 240 nm. CAT activity was normalized to protein content in the liver and 

expressed as units per mg protein (U CAT/mg protein). Protein content was 

determined as described by Lowry and co-workers (43) and bovine serum albumin 
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(1.6 mg/mL) was used as standard. Superoxide Dismutase Activity. Hepatic 

superoxide dismutase (SOD) activity was measured spectrophotometrically 

(Multiskan GO, Thermo Scientific) at 570 nm according to Dieterich and co-

workers with minor modifications (44). Briefly, liver homogenate (30 µL) was 

pipetted into 96-well plates and mixed with EDTA-containing phosphate buffer (99 

µL, pH 7.0) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(tetrazolium dye MTT, 5.5 g/L phosphate buffer, 6 µL). Pyrogallol (0.0125 g/L 

phosphate buffer, 15 µL) was then added and the plates were incubated for 5 

minutes, at 37°C. Finally, dimethyl sulfoxide (DMSO, 150 µL) was used to stop 

reaction. EDTA-containing phosphate buffer (45 µL, pH 7) was used as blank. SOD 

activity was also normalized to the protein content in the liver and expressed as 

units per mg protein (U SOD/mg protein). 

2.11. Hepatic Serum Markers 

Serum markers of liver function, such as aspartate aminotransferase (AST) alanine 

aminotransferase (ALT), and gamma glutamyltransferase (GGT) were assessed 

at the Clinical Analysis lab by specific colorimetric assays (Bioclin®, Brazil) using a 

clinical chemistry analyzer BS-200 (Mindray®). Results are expressed as mean ± 

SD (U/L). 

2.12. Statistical Analysis 

The results were expressed as mean ± SEM. Data were analyzed using GraphPad 

Prism version 6.0. Mean values of the three groups (control, 5HS, and 10HS) were 

compared by one-way analysis of variance (ANOVA) followed by Tukey’s multiple 

comparison post-hoc test. P < 0.05 was considered to be statistically significant.  

3. Results and Discussion 

3.1 Nutritional Composition of Hibiscus sabdariffa L. Calyces 
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In order to better characterize and provide valuable information on edible flowers, 

the general proximate nutritional composition was determined in HS calyces on a 

dry basis, as detailed in Table 2. 

Table 2. Nutritional composition of Hibiscus sabdariffa L. calyces. 

Nutritional Composition (g) Nutritional value per 100 g* 

Crude protein 3.61 ± 0.26 
Fat 0.66 ± 0.13 
Total dietary fiber 9.22 ± 2.79 
     Soluble dietary fiber 1.76 ± 0.14 
     Insoluble dietary fiber 7.46 ± 2.64 
Ash 2.69 ± 0.01 
Carbohydrate 0.47 ± 0.32 

* Data are expressed as mean ± SD from triplicate analyses.   

3.1. Total Phenolic Compound Assessment 

The amount of total phenolic compounds found in our study was 57.84 mg GAE/g 

dw HS. Although the content of polyphenols in plants is considerably influenced by 

cultivars, genetic factors, and environmental conditions (30), Borrás-Linares and 

co-workers (21) have observed similar total polyphenol content in HS extract (51 

mg GAE/g dw HS). Interestingly, it is important to highlight that extraction-related 

variables, such as type of solvent, solvent ratio, temperature, and pH may 

contribute to differences in total phenolic content (45).  

3.2. Quantification of Total Monomeric Anthocyanins 

In our study, the total monomeric anthocyanin content was found to be 7.81 mg 

cyanidin-3 glucoside/g dw HS. The total monomeric anthocyanin content can be 

easily and accurately measured by the pH differential spectrophotometric method 

(46). It seems the amount of monomeric anthocyanins differs among different 

varieties (47). In a previous study (47), analysis of dried calyces from three HS 

varieties has revealed a range from 0.20 to 3.45 mg cyanidin-3 glucoside/g dw HS 

in the monomeric anthocyanin content. When compared to our results, although 

Gartaula and Karki (48) have reported lower amount of monomeric anthocyanin 
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(3.1 mg cyanidin-3 glucoside/g dw HS) detected spectrophotometrically, Abou-

Arab and co-workers (49) have shown similar anthocyanin content (6.2 mg 

cyanidin-3 glucoside/g dw HS) by colorimetrically analysis. 

3.3. Dietary HS Suppresses Aberrant Crypt Foci Development  

There were no significant differences in body weight (Figure 2A) and feed intake 

among groups (Figure 2B). 

A      B  

Figure 2. (A) Effects of HS dietary treatment on weekly body weight (g) in BALB/c 
mice. (B) Feed intake (g) during 14 weeks of HS dietary treatment. 

ACF are initial recognizable premalignant lesions (39), which have been 

considered as a putative precursor to colorectal adenoma (50) and thus could be 

a useful biomarker for CRC (51). Table 3 shows the effects of supplemented diets 

containing either 5 or 10% dietary HS on DMH-induced ACF formation. Although 

ACF with higher number of aberrant crypts (ACF > 3) are more likely to progress 

to tumor during colorectal carcinogenesis (38), ACF > 3 were not found in our 

study, probably because this is a short-term study. Nevertheless, dietary treatment 

with 5 or 10% dietary HS for 14 weeks attenuated ACF≤ 3 development in the 

distal colon segment of male BALB/c mice (P < 0.01) by 34.5% and 47.9%, 

respectively. In addition, the total number of ACF per mouse was reduced by 

almost 29.0% in both HS supplemented groups when compared to control (P < 

0.01). No differences were observed in the proximal and medial colon among 

groups. At our knowledge, this is the first study assessing the effects of dietary HS 

in DMH-induced colorectal tumorigenesis in male BALB/c mice. Accordingly, other 
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studies (52-54) have also reported protective effects of anthocyanins-rich 

food/extracts against drug-induced CRC tumorigenesis.  

Table 3. Effects of supplemented diets containing either 5 or 10% dietary HS on 

DMH-induced ACF formation.  

Colon segments 
Groups 

Control (n=7) 5 HS (n=7) 10 HS (n=7) 

Proximal colon    

ACF ≤ 3 32.83 ± 13.19a 25.57 ± 8.94a 29,00 ± 8.12a 

Medial colon    

ACF ≤ 3 30.00 ± 11.06a 21.29 ± 6.67a 23,57 ± 4.86a 

Distal colon    

ACF ≤ 3 40.33 ± 5.31a 26.43 ± 8.87b 21,00 ± 5.85b 

Total ACF ≤ 3* 103.2 ± 22.46a 73.29 ± 13.96b 73.57 ± 9.07b 

Data are expressed as mean ± SD. Different letters in the same line mean 

statistical difference by the Tukey’s multiple comparison post-hoc test (P < 0.05). 
* Total number of ACF in colon segments (proximal, medial, and distal). 

3.4. Dietary HS Increase Fecal SCFA Concentration 

Figure 3 shows fecal concentrations in mice treated with 5 or 10% dietary HS. 

SCFA are key metabolites produced by the gut microbiota fermentation of 

undigested food substances, such as dietary fiber (55). The role of anthocyanin-

rich food on gut microbiota modulation (56) and recently on fecal SCFA 

concentrations has been reported (19). Acetic acid has been implicated as anti-

inflammatory and antitumor effectors via the modulation of Treg cells (57). 

Moreover, intracellular butyric and propionic acid, but not acetic acid, inhibit the 

activity of HDAC in colonocytes and immune cells, which in turn affects gene 

expression and cellular differentiation (58).  
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A        B  

C  

Figure 3. Fecal SCFA concentration (µmol SCFA/g feces) in DMH-induced 
colorectal carcinogenesis. (A) Supplemented diet with 5 or 10% dietary HS did not 
affect fecal acetic acid concentration. (B) 10% dietary HS supplemented diet 
increase fecal propionic acid concentration when compared to control diet. (C) 
Fecal butyric concentration is higher in BALB/c mice supplemented with 10% 
dietary HS when compared to controls. Data are expressed as mean ± SD (n=7). 
* Kruskal-Wallis followed by Dunn’s multiple comparison test (P < 0.05). ** ANOVA 
followed by Tukey’s multiple comparison test (P < 0.05). 

According to our results, diets supplemented with 5 or 10% HS did not affect fecal 

acetic acid concentration (Figure 3A). On the other hand, compared to controls, 

fecal propionic and butyric acid concentration were both enhanced (P < 0.05) with 

10% dietary HS supplement diet (Figure 3B and 3C, respectively). Although the 

underlying molecular mechanisms are not fully understood, anthocyanins from 

black rice, black soybean, and purple corn have also induced an effective and 

positive increment in fecal butyric acid levels (19). Despite the lack of studies 

assessing the effects of anthocyanins or anthocyanin-rich food on fecal propionic 

acid concentration, anthocyanidins, i.e. anthocyanins with no sugar moiety 
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attached to the molecular structure (59), from strawberries were positively 

associated to the human fecal propionic acid content (60). 

SCFA, mainly propionic and butyric acid, have an important influence on colorectal 

carcinogenesis in vivo (61). In vitro, such gut metabolites are also responsible to 

inhibit colon cancer cells growth and stimulate cell differentiation (62). Several 

molecular mechanisms have been proposed by the scientific community to explain 

the interplay between SCFA and CRC prevention (63). One of the mechanisms is 

related to stimulation of NK cells infiltration in the intestine mucosa.  

3.5. Dietary HS Stimulates NK Cell Infiltration in the Colonic Mucosa 

Figure 4 represents the percentage of leukocytes obtained from the large gut 

mucosa of BALB/c mice supplemented with 5% or 10% dietary HS. Our results 

have shown no differences in the percentage of CD4 cells (Figure 4A), CD8 cells 

(Figure 4B), Treg cells (Figure 4D), and Th17 cells (Figure 4E). However, 10% 

dietary HS supplemented diet increased NK cells infiltration in the large intestine 

mucosa when compared to either control or 5% dietary HS supplemented diets. 

Increased NK cells infiltration might partially explain why ACF counts were reduced 

in BALB/c mice treated with 10% dietary HS (Figure 4C). Numerous studies have 

found decreased NK cell function in cancer patients (64, 65). NK cells are cytotoxic 

lymphocytes involved in immunosurveillance against tumor formation (66). 

Besides releasing chemokines, NK cells can also express programmed cell death 

protein 1 (PD1) and cytotoxic T lymphocyte-associated antigen 4 (CTLA4), which 

have been already implicated in cancer therapy (67). Furthermore, as we have 

previously demonstrated, BALB/c mice have shown higher fecal butyric acid 

concentrations when also supplemented with 10% dietary HS.  
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A       B  

C     D  

E  

Figure 4. Leukocytes obtained from the large gut mucosa of BALB/c mice 
supplemented with 5% or 10% dietary HS after 14 days of experiment. (A) 
Percentage of CD4; (B) Percentage of CD8; (C) Percentage of NK; (D) Percentage 
of Treg; (E) Percentage of Th17. Data are expressed as mean ± SD (n=6). * 
ANOVA followed by Tukey’s multiple comparison test (P < 0.01). 
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The mechanisms how butyric acid may prevent ACF formation is possibly related 

to the activation of MHC class I–related chain A and B (MICA/B) receptors on the 

cancer cell surface by HDAC inhibitors, which in turn activates receptors 

expressed by NK cells, known as NK group 2, member D (NKG2D). Such 

receptors stimulate MICA/B expression apparently due to enhanced glycogen 

synthase kinase-3 (GSK-3) activation. The upcoming response is an enhanced NK 

cell responsiveness to kill colon tumor cells (8). 

3.6. Dietary HS Provides No Hepatotoxic Effects  

Since we have noticed that supplementation with 10% dietary HS induces effective 

changes in BALB/c mice metabolism towards cancer prevention, it is also of great 

scientific interest to demonstrate whether such dietary HS intake amount would 

cause harmful side effects on liver function. Anthocyanin-rich HS extracts have 

been hepatoprotective and helpful against diseases where oxidative stress is 

related to its etiopathogenesis, probably owing to its antioxidant and free radical 

scavenging effects (68). Antioxidant free radical scavenging enzymes, such as 

(CAT) and (SOD), play a key role on the first line of cellular antioxidant defense 

system against reactive oxygen species (ROS) (39). Overproduction of ROS, 

including superoxide anion (O2
-), hydrogen peroxide (H2O2), and hydroxyl radical 

(OH•), has been widely documented in the development and progression of overall 

non-transmissible diseases (69). SOD transforms the superoxide anion into 

hydrogen peroxide, which is then converted to water by CAT (70). Figure 5 shows 

the effects of dietary HS supplementation on hepatic CAT and SOD activities. 

According to our results, increased hepatic CAT activity (Figure 5A) was noticed 

in 10% dietary HS-treated mice when compared to control group (P < 0.05). No 

difference was noticed on hepatic SOD activity among groups (Figure 5B). Other 

studies have also corroborated the hepatoprotective and chemopreventive 

potential of increased CAT activity upon treatment with dietary HS (68, 71). The 

hepatoprotective effect may be also predicted by measuring the levels of liver 

serum marker enzymes, such as ASL, ALT, and GGT (72). Figure 6 shows the 

effects of dietary HS on serum marker enzymes. 



	

	 50	

       A B  

Figure 5. Effects of dietary HS supplementation on hepatic CAT and SOD 

activities. Data are expressed as mean ± SD (n=6). (A) Units of CAT per mg 

protein. (B) Units of SOD per mg protein. * P < 0.05. 

A  B  

C  

Figure 6. Effects of supplementation with dietary HS on serum marker enzymes. 
(A) Alanine aminotransferase – ALT (U/L); (B) Gamma glutamyltransferase (U/L); 

(C) Aspartate aminotransferase – AST (U/L). Data are expressed as mean ± SD 
(n=10). No significant differences by the Tukey’s multiple comparison test. 
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In our study, BALB/C mice supplemented with dietary HS did not ameliorate ALT 

(Figure 6A) or GGT (Figure 6B) when compared to controls. Albeit we have 

observed no statistically differences (P = 0.06) on AST serum levels among groups 

(Figure 6C), we might consider that BALB/c mice supplemented with 10% dietary 

HS (48 ± 6.46 U/L) do exhibit a physiological and important reduction on such 

parameter when compared to controls (55.8 ± 7.80 U/L), which might also help 

liver protection. Lower levels of hepatic enzymes upon treatment with anthocyanin-

rich extracts have been reported in vivo, thus conferring hepatoprotective effects 

(73). No studies assessing the effects of dietary HS on serum liver parameters 

were found.  

4. Conclusions 

Diet supplemented with 10% dietary HS prevent colorectal ACF formation possibly 

owing to its anthocyanin content, which might positively modulate HDAC inhibitors, 

such as butyric and propionic acids, whose response leads to NK cell infiltration in 

the large intestine. Dietary HS has provided hepatoprotective effects by stimulating 

the hepatic antioxidant enzyme system, such as catalase activity, along with a 

tendency to reduce the serum levels of aspartate aminotransferase. 

It is worth to mention that the beneficial and protective effects above reported in 

male BALB/c mice consuming a diet supplemented with 10% dietary HS might also 

be observed in humans if 75 g of dietary HS is daily intake (human equivalent 

dose). Thus, our group is now intrigued to further reveal whether the potential of 

dietary HS to prevent preneoplastic lesions development is indeed caused by the 

upregulation of related proteins, such as HDAC, MICA/B, NKG2D and GSK-3. 
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4. GENERAL CONCLUSIONS 

Anthocyanins/anthocyanidins has effectively contributed to mitigate colorectal 

carcinogenesis in both in vivo and in vitro experiments through several molecular 

mechanisms. The intake of green pea, as a source of dietary fiber and 

polyphenols, might confer protective effects against inflammatory bowel disease, 

such as ulcerative colitis, by suppressing inflammation, mucin depletion and 

endoplasmic reticulum stress in the colon. In addition, we may infer that dietary HS 

intake reduces preneoplastic lesions development as a result of increased fecal 

butyric and propionic acids concentrations and NK cell infiltration, thus preventing 

colorectal carcinogenesis. More studies are still needed to determine the effects 

of dietary green pea or HS supplementation on intestinal diseases in humans. 


