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ABSTRACT 

 

Polyphenols exhibit a wide range of biological effects because of their antioxidant 

properties. Several types of polyphenols (phenolic acids, hydrolysable tannins, and 

flavonoids) show anticarcinogenic and antimutagenic effects. Comparative studies were 

carried on the protective ability of free and bound polyphenol extracts of red Capsicum 

annuum Tepin (CAT) on brain and liver – In vitro. Free polyphenols of red Capsicum 

annuum Tepin (CAT) were extracted with 80% acetone, while the bound polyphenols 

were extracted with ethyl acetate from acid and alkaline hydrolysis of the pepper residue 

from free polyphenols extract. The phenol content, Fe (II) chelating ability, OH radical 

scavenging ability and protective ability of the extract against Fe (II)-induced lipid 

peroxidation in brain and liver was subsequently determined. The results of the study 

revealed that the free polyphenols (218.2mg/100g) content of the pepper were 

significantly higher than the bound polyphenols (42.5mg/100g). Furthermore, the free 

polyphenol extract had a significantly higher (<0.05) Fe (II) chelating ability, OH radical 

scavenging ability than the bound polyphenols. In addition, both extracts significantly 

inhibited (P<0.05) basal and 25µM Fe (II)-induced lipid peroxidation in Rat’s brain and 

liver in a dose dependent. However, the free polyphenols caused a significantly higher 

inhibition in the MDA (Malondialdehyde) production in the brain and liver homogenates 

than the bound phenols. Furthermore, the polyphenols protected the liver more than the 

brain. In conclusion, free polyphenols from Capsicum annuum protects both the liver and 

brain from Fe2+ induced lipid peroxidation, and this is probably due to the higher Fe (II) 

chelating ability and OH radical scavenging ability of the free polyphenols from the 

pepper. 
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INTRODUCTION 

Lipid peroxidation in biological membranes has been considered as one of the major 

mechanisms of cell injury in aerobic organisms subjected to oxidation stress [1, 2]. 

Hochstein et al. discovered the requirement for iron in initiating lipid peroxidation in the 

1960s [3]. Since then, the mechanism involved in iron-dependent lipid peroxidation has 

been studied in many in vitro model systems, such as liposomes and microsomes [4].  

Although Fe is necessary in relatively large amounts for hemoglobin, myoglobin 

and cytochrome production, xanthine oxidase and the other Fe proteins require rather 

small amounts of Fe. On the other hand, free Fe in the cytosol and in the mitochondria 

can cause considerable oxidative damage by increasing superoxide production. Through 

Fenton reactions and by activating xanthine oxidase, which produces both uric acid (an 

antioxidant that recycles ascorbic acid in the cell and is therefore vital to the animals that 

do not produce ascorbic acid, such as primates) and O2*, which causes massive damage 

either by itself or by reacting with nitric oxide (NO) to form the powerful peroxynitrite 

(ONOO*) [5]. High levels of both Cu and Fe, with relatively low levels of Zn and Mn 

play a crucial role in brain cancer and in degenerative diseases of the brain (Parkinson's 

and Alzheimer's diseases, multiple sclerosis, etc.) [5]. Because of iron storage disease, the 

liver becomes cirrhotic. Hepatoma, the primary cancer of the liver, has become the most 

common cause of death among patients with hemochromatosis. In addition, when 

siderosis becomes severe in young people, myocardial disease is a common cause of 

death. 

Phenolic compounds are an important group of secondary metabolites, which are 

synthesized by plants because of plant adaptation to biotic and abiotic stress conditions 

(infection, wounding, water stress, cold stress, high visible light). Protective 

phenylpropanoid metabolism in plants has been well documented [6, 7, 8]. In recent 

years, phenolic compounds have attracted the interest of researchers because they show 

promise of being powerful antioxidants that can protect the human body from free 

radicals, the formation of which is associated with the normal natural metabolism of 

aerobic cells [9, 10]. The antiradical activity of flavonoids and phenolics is principally 

based on the redox properties of their hydroxyl groups and the structural relationships 

between different parts of their chemical structure [11, 12, 13]. Epidemiological data 
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have indicated beneficial effects of antioxidant compounds in the prevention of a 

multitude of disease states, including cancer, cardiovascular disease, and 

neurodegenerative disorders [14, 15]. 

 Compelling evidence has led to the conclusion that diet is a key environmental 

factor and a potential tool for the control of chronic diseases. After tobacco, inadequate 

diet and activity patterns are the most prominent contributors to mortality in USA [16]. 

Dietary recommendations for the prevention of cancer, atherosclerosis and other chronic 

diseases have been established by various health agencies [17, 18]. More specifically, 

fruits and vegetables have been shown to exert a protective effect [19, 20, 21, 22]. The 

high content of polyphenol antioxidants in fruits and vegetables is probably the main 

factor responsible for these effects. 

Food going through the human gastrointestinal tract is digested in the stomach 

(strong acid environment with enzymes), small intestine (mild base environment with 

enzymes), and then colon (neutral pH with intestinal microflora). Phenolics in vegetables 

are present in both free and bound forms. Bound phenolics, mainly in the form of β-

glycosides, may survive human stomach and small intestine digestion and reach the colon 

intact, where they are released and exert their bioactivity [23]. 

Capsicum annuum, Tepin is the original wild chile - the plant from which all 

others have evolved. It is a tiny round berry slightly larger than a peppercorn. It is very 

decorative and bright scarlet in colour and, despite its high heat level, it is attractive to 

wild birds, which helped to distribute it across the prehistoric Americas. Our preliminary 

data revealed that the pepper have high phenolic content and antioxidant activity [24]. 

This study therefore sought to investigate phenolic distribution and compare their 

protective ability against Fe (II) induced lipid peroxidation in Rat’s brain and liver.  
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MATERIALS AND METHODS 

Materials 

Ripe Capsicum annuum var. Tepin was collected from a vegetable garden in Camobi, 

Santa Maria RS, Brazil. The authentication of the pepper was carried out in 

Departamento de Biologia, Universidade Federal de Santa Maria, Santa Maria RS, Brazil. 

All the chemicals used were analytical grade, while the water was glass distilled.  The 

handling and the use of the animal were in accordance with NIH Guide for the care and 

use of laboratory animals. In the experiments Wister strain albino rats weighing 200 – 

230g were collected from the breeding colony of Departamento de Biologia, 

Universidade Federal de Santa Maria, Santa Maria RS, Brazil. They were maintained at 

25oC, on a 12h light/12h dark cycle, with free access to food and water. 

 

Extraction of Soluble Free Phenolic Compounds 

For the extraction of soluble free phenols, 100g of the pepper was homogenized in 80% 

Acetone (1: 2 w/v) using chilled Waring blender for 5min. The sample was homogenized 

further using a Polytron homogenizer for an additional 3 min to obtain a thoroughly 

homogenized sample. Thereafter, the homogenates were filtered through Whatman No. 2 

filter paper on a Buchner funnel under vacuum. The residues kept for extractions of 

bound phytochemicals.  The filtrate was evaporated using a rotary evaporator under 

vacuum at 45oC until ~90% of the filtrate had been evaporated. The extracts were frozen 

at –40oC [25]. 

 

Extraction of Bound Phenolic Compounds  

The residues from above soluble free extraction were drained off and hydrolyzed directly 

with 20ml of 4M NaOH at room temperature for 1 h with shaking. The mixture was 

acidified to pH 2 with concentrated hydrochloric acid and extracted six times with ethyl 

acetate.  The ethyl acetate fraction were later evaporated at 45oC under vacuum to 

dryness [25].  
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Preparation of Brain Homogenates 

The rats were decapitated under mild diethyl ether anaesthesia and the cerebral tissue 

(whole brain) was rapidly dissected and placed on ice and weighed. This tissue were 

subsequently homogenized in cold saline (1/10 w/v) with about 10-up-and –down strokes 

at approximately 1200 rev/min in a Teflon –glass homogenizer. The homogenate was 

centrifuge for 10min at 3000xg to yield a pellet that was discarded and a low-speed 

supernatant (S1) containing mainly water, proteins and lipids (cholesterol, galactolipid, 

individual phospholipids, gangliosides), DNA and RNA, which was kept for lipid 

peroxidation assay [26].  

 

Lipid peroxidation and thiobarbibutric acid reactions 

The lipid peroxidation assay carried out using the modified method of Ohkawa et al [27], 

briefly 100µl S1 fraction was mixed with a reaction mixture containing 30µl of 0.1M pH 

7.4 Tris-HCl buffer, pepper extract (0 - 100µl) and 30µl of 250µM freshly prepared 

FeSO4 and the volume was made up to 300µl by water before incubation at 37oC for 1h. 

The colour reaction was developed by adding 300µl 8.1% SDS (Sodium doudecyl 

sulphate) to the reaction mixture containing S1, this was subsequently followed by the 

addition of 600µl of acetic acid/HCl (pH 3.4) mixture and 600µl 0.8% TBA 

(Thiobarbituric acid). This mixture was incubated at 100oC for 1h. TBARS 

(Thiobarbituric acid reactive species) produced were measured at 532nm and the 

absorbance was compared with that of standard curve using MDA (Malondialdehyde).  

 

Total Phenol Determination 

The total phenol content was determined by mixing 0.5ml of the extract of the pepper 

with 2.5ml 10% Folin-Cioalteu’s reagent (v/v) and 2.0ml of 7.5% Sodium carbonate was 

subsequently added. The reaction mixture was incubated at 45oC for 40min, and the 

absorbance was measured at 765nm in the spectrophotometer, Gallic acid was used as 

standard phenol [28].  
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Fe2+ Chelation assay 

The ability of the aqueous extract to chelate Fe2+ was determined using a modified 

method of Minotti and Aust [29] with a slight modification by Puntel et al [30]. Briefly 

150µl of freshly prepared 500µM FeSO4 was added to a reaction mixture containing 

168µl of 0.1M Tris-HCl (pH 7.4),  218µl saline and the aqueous extract of the pepper (0 - 

25µl). The reaction mixture was incubated for 5min, before the addition of 13µl of 0.25% 

1, 10-Phenanthroline (w/v). The absorbance was subsequently measured at 510nm in the 

spectrophotometer 

 

Hydroxyl radical scavenging ability 

The ability of the aqueous extract of the pepper to prevent Fe2+/ H2O2 induced 

decomposition of deoxyribose was carried out using the method of Halliwell & 

Gutteridge [31]. Briefly, fresh prepared aqueous extract (0 – 100µl) was added to a 

reaction mixture containing 120µl 20mM deoxyribose, 400µl 0.1M phosphate buffer, 

40µl 20mM hydrogen peroxide and 40µl 500µM FeSO4, and the volume for made to 

800µl with distilled water. The reaction mixture was incubated at 37oC for 30min, and 

the reaction was stop by the addition of 0.5ml of 2.8% TCA (Trichloroacetic acid), this 

was followed by the addition of 0.4ml of 0.6% TBA solution. The tubes were 

subsequently incubated in boiling water for 20min. The absorbance was measured at 

measured at 532nm in spectrophotometer. 

 

Analysis of data 

The result of the replicates were pooled and expressed as mean±standard error (S.E.) 

[32]. A one way analysis of variance (ANOVA) and the Least Significance Difference 

(LSD) were carried out. Significance was accepted at P≤ 0.05.  

 

RESULTS AND DISCUSSION 

Most of the previous research on the phenolic contents of plant foods determined mainly 

the soluble free phenolics based on solvent-soluble extraction. However, recent reports as 

shown that in addition to the soluble free phenolics, there are bound phenolics, which 
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exist mainly in the form of β-glycosides that are usually release and absorb in the colon 

[25, 33]. This study provides information on the distribution of phenolics in hot red 

pepper (Capsicum annuum, Tepin) and their protective ability on Fe (II)-induced lipid 

peroxidation in Rat’s brain and liver. 

 The results of the phenolics distribution in ripe Capsicum annum, Tepin is 

presented in table 1. The results revealed that free phenolic were significantly higher than 

the bound phenolics in the red pepper.   These results agree with earlier reports by Chu et. 

al. [25] and Sun et. al. [33]. However, the soluble phenolics in red Capsicum annuum, 

Tepin was significantly higher (P<0.05) than the soluble free phenolic content of red 

pepper, potato, lettuce, cucumber, carrot, onion, spinach and broccoli reported by Chu  et. 

al. [25]; nevertheless, it is lower than the soluble free phenolics compounds in cranberry 

and apple [33], but within the same range with that of red grape [33].  However, the 

bound phenolics compound of the pepper was generally higher than that of broccoli, 

cucumber, grape, onion, apple, red pepper [25, 33]. 

 The distribution of the phenolics in the pepper is presented in table 1. The results 

revealed that Capsicum annuum, Tepin contains 83.7% free soluble phenolics and 16.3 % 

bound phenolics compound, the ratio of free soluble phenolics to bound phenolics is 

lower than the ratio that  Chu  et. al. [25] reported free to bound phenolics in spinach, red 

pepper and onion, but higher than that of broccoli, cabbage, carrot, celery, cucumber, 

lettuce [25]. Free phenolics are more readily absorbed and thus, exert beneficial 

bioactivities in early digestion. The significance of bound phytochemicals to human 

health is not clear [25, 33]. However, it is possible that different plant foods with 

different amounts of bound phytochemicals can be digested and absorbed at different 

sites of the gastrointestinal tract and play their unique health benefits. Bound 

phytochemicals, mainly in β-glycosides, cannot be digested by human enzymes and could 

survive stomach and small intestine digestion to reach the colon and be digested by 

bacteria flora to release phytochemicals locally to have health benefits [33]. 

Epidemiological studies have shown an inverse correlation between vegetable 

consumption and colon cancer incidence [34].        

 The protective ability of the free and bound phenolic extracts from Capsicum 

annuum, Tepin is presented in figures 1a – b. Soluble free and bound phenolic extracts 
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inhibited MDA production in cultured Rat’s brain and liver tissues in a dose-dependent 

manner. However, soluble free phenols caused a significantly higher (P<0.05) inhibition 

in the brain and liver tissues lipid peroxidation than the bound phenolic compounds. The 

antioxidant activity of phenolics is mainly because of their redox properties, which allow 

them to act as reducing agents, hydrogen donors, free radical scavenger, singlet oxygen 

quenchers and metal chelators [35, 36]. Furthermore, the EC50 of the soluble free and 

bound phenolic extracts are presented in table 2; the results revealed that the free soluble 

phenols [brain (0.11mg/g), liver (0.06mg/g)] had a significantly higher EC50 than bound 

phenolics [brain (0.19mg/g), liver (0.15mg/g)].  

It is what noting that soluble free phenols and bound phenols extract from this 

pepper caused a higher inhibition in the MDA production in the brain of the rats than 

water-soluble extracts of the same pepper [24]. This goes a long way to confirm that, 

antioxidant activity of vegetables and fruits are due mainly to their phenolics compounds 

[25], although one cannot overrule the contribution from vitamin C and other antioxidant 

phytochemicals. The basis for the difference in the ability of the free and bound phenolic 

compounds to inhibit lipid peroxidation in both the brain and liver cannot be 

categorically stated. However, it is very likely that β-glycosides moiety in the phenolic 

compound in the bound phenolic may have reduced the uptake of the bound phenolics in 

the cultured brain and liver tissues, and this may have reduce its antioxidant activity, 

unlike free soluble phenolics that are readily absorbed in animal tissues [33]. 

Nevertheless, the protective ability of the bound phenolics against lipid peroxidation may 

have contributed to the alleged protective ability of fruits and vegetables against colon 

cancer [25, 33]. 

However, incubation of the brain and the liver tissues in the presence of 25µM Fe 

(II) caused a significant increase in the MDA content of both the brain and liver tissue. 

However, the percentage increase in the tissue MDA was higher in the brain tissue 

(285%) than the liver tissues (238.2%). The higher lipid peroxidation in the brain 

compared to the liver could be attributed to the fact that brain cells, cannot synthesis 

glutathione. Instead they rely on surrounding astrocyte cells to provide useable 

glutathione precursors, because the brain has limited access to the bulk of antioxidants 

produced by the body, neurons are the first cells to be affected by a shortage of 
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antioxidants, and are most susceptible to oxidative stress. Researchers studying 

antioxidant protection of neurons are finding short windows during development of high 

vulnerability to oxidative stress [37]. High levels of both Cu and Fe, with relatively low 

levels of Zn and Mn, play crucial role in brain cancer and in degenerative diseases of the 

brain (Parkinson's and Alzheimer's diseases, multiple sclerosis, etc.) [5]. 

 However, the free soluble and bound phenolic extracts of the pepper caused a 

decrease in the MDA content of the liver and brain in a dose dependent manner. 

Nevertheless, a significant inhibition of the Fe (II) was observed at higher dose of the 

extract (1.67 – 3.33mg/ml) not at lower dose (0.17 – 0.33mg/ml). However, the extract 

protected the liver than the brain as shown in figures 2a – b. In addition, to the fact that 

the inability of neurons to synthesis glutathione could be responsible for the higher 

susceptibility of brain to lipid peroxidation as earlier stated. The liver is very rich in 

antioxidant enzymes such as glutathione peroxidase, glutathione-S-transferase etc. as 

well as antioxidants metabolites such as glutathione which is not readily available to 

brain cell, this endogenous antioxidants may complemented the activity of the exogenous 

antioxidants from the pepper.  Furthermore, soluble free phenols had higher protective 

effect than the bound phenols. The basis for the difference in the protective effect of both 

polyphenol extracts cannot be categorically stated, one possibility is that glucose of the 

bound polyphenols may have reduce their antioxidant properties.   

 Antioxidant carries out their protective properties on cells either by preventing the 

production of free radicals or by neutralizing/ scavenging free radicals produced in the 

body [38]. The mechanism through which the free and bound polyphenols from the 

pepper protects liver and brain tissues from Fe (II) induced lipid peroxidation was 

investigated, by determining the ability of the extract to chelate Fe (II) (preventing 

production of free radicals) and the ability of the extracts to scavenge OH radical. As 

shown in figure 3. Both extracts had high Fe (II) chelating ability. The result of the Fe 

(II) chelating was in agreement with the ability of the extract to protect the brain and liver 

tissues from Fe (II) induced lipid peroxidation, in that free polyphenols with the higher 

Fe (II) chelating ability (figure 3) caused the highest inhibition in the production of MDA 

in the brain and liver tissues (Figures 2a – b). Moreover, this clearly indicates that, one of 

the mechanism through which pepper could protect the brain and liver is through the 
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ability of the polyphenols (free or bound) to chelate Fe (II). Fe is usually accumulated in 

the brain, as one grows older; and stored in the liver where they induced oxidative stress, 

which is largely responsible for both the brain and liver damage.        

 Fe (II) induction of lipid peroxidation is through their participation in Fenton 

reaction. The mechanism by which iron can cause this deleterious effect is that Fe (II) can 

react with hydrogen peroxide (H2O2) to produce the hydroxyl radical (OH•) via the 

Fenton reaction, whereas superoxide can react with iron(III) to regenerates iron(II) that 

can participate in the Fenton reaction [39, 40]. The overproduction of ROS can directly 

attack the polyunsaturated fatty acids of the cell membranes and induce lipid peroxidation 

[13].  As presented in figure 4, both extracts significantly scavenge hydroxyl radical 

produced in Fe (II)/ H2O2 induced decomposition of deoxyribose in Fenton reaction in a 

dose dependent manner. Unlike our earlier study, where aqueous extracts of the same 

pepper containing a mixture of vitamin C and polyphenols as the main antioxidants could 

not significantly scavenge OH radical [24]. However, free polyphenols from the pepper 

had a higher OH radical scavenging ability in comparison with the bound polyphenols. 

Nevertheless, OH radical scavenging ability of both the free and bound polyphenols from 

the pepper (Figure 4) are far below the Fe (II) chelating ability of the extract (Figure 3). 

This clearly shows that the domineering mechanism through which Capsicum annuum, 

Tepin, polyphenols protects the brain and the liver is through their Fe (II) chelating 

ability rather than OH radical scavenging. This gives credence, to the fact that the 

recommended therapy for Fe toxicity is using Fe chelator. 

 

CONCLUSION 

In conclusion, Capsicum annuum, Tepin contains 83.7% free soluble polyphenol and 

16.3% bound polyphenols. In addition, both polyphenolic extracts inhibit Fe (II) induced 

lipid peroxidation in brain and liver tissues in a doe-dependent manner. However, the free 

polyphenols had higher protective ability than the bound polyphenols. The main 

mechanism through which they are carry out their protective effect against Fe (II) 

induced lipid peroxidation in the brain and the liver is by Fe (II) chelating mechanism, 

with some contribution from hydroxyl radical scavenging ability.   
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Table 1: Phenolic Distribution in Red Capsicum annuum, Tepin extract 

 

Sample Total Phenol (mg/100g) Percentage Distribution (%) 

Free  218.2±2.1a    83.7 

Bound    42.5±2.8b    16.3 

Values represent means of triplicate. 
Values with the same alphabet along the same column are not significantly different 
(P>0.05) 

  

 

Table 2: EC50 of the Red Capsicum annuum, Tepin extract  

 

Sample    EC50 (mg/ml) 

    Brain    Liver  

Free   0.11±0.02b   0.06±0.01b 

Bound   0.19±0.03a   0.15±0.02a 

Values represent means of triplicate. 
Values with the same alphabet along the same column are not significantly different 
(P>0.05) 
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Figure 1a: Polyphenol extracts from Capsicum annuum,Tepin  inhibit lipid peroxidation in Rat’s brain. 
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Figure 1b: Polyphenol extracts from Capsicum annuum,Tepin  inhibit lipid peroxidation in Rat’s liver. 
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Figure 2a: Polyphenol extracts from Capsicum annuum,Tepin  inhibit Fe (II) induced lipid peroxidation in Rat’s brain. 
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Figure 2b: Polyphenol extracts from Capsicum annuum,Tepin  inhibit Fe (II) induced lipid peroxidation in Rat’s liver. 

 

 



 18

0

10

20

30

40

50

60

70

80

90

0 0,08 0,17 0,25 0,33

Concentration of extract (mg/ml) 

%
 F

e 
(II

) c
he

la
tio

n

Free 
Bound

 
Figure 3: Fe (II) chelating ability of polyphenol extracts from Capsicum annuum, Tepin. 
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Figure 4: OH radical scavenging ability of polyphenol extracts from Capsicum annuum, Tepin. 

 


