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1. Introduction

   Mitochondria are the main site of oxygen metabolism 
in the cell[1]. They are unique organelles, accounting 

for about 85%-90% of oxygen consumed by the cell. The 
incomplete processing of oxygen and/or release of free 
electron in the mitochondria results in the production 
of reactive oxygen species (ROS)[2]. ROS released by the 
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Objective: To evaluate the antioxidant and radical scavenging activities of Solanum anguivi 
fruit (SAG) and its possible effect on mitochondrial permeability transition pore as well as 
mitochondrial membrane potential (ΔΨm) isolated from rat liver. 
Methods: Antioxidant activity of SAG was assayed by using 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), reducing power, iron chelation and ability to inhibit lipid peroxidation in both liver 
and brain homogenate of rats. Also, the effect of SAG on mitochondrial membrane potential 
and mitochondrial swelling were determined. Identification and quantification of bioactive 
polyphenolics was done by HPLC-DAD. 
Results: SAG exhibited potent and concentration dependent free radical-scavenging activity 
(IC50/DPPH=275.03依7.8 µg/mL). Reductive and iron chelation abilities also increase with increase 
in SAG concentration. SAG also inhibited peroxidation of cerebral and hepatic lipids subjected to 
iron oxidative assault. SAG protected against Ca2+ (110 µmol/L)-induced mitochondrial swelling 
and maintained the ΔΨm. HPLC analysis revealed the presence of gallic acid [(17.54依0.04) mg/
g], chlorogenic acid (21.90依0.02 mg/g), caffeic acid (16.64依0.01 mg/g), rutin [(14.71依0.03) mg/g] and 
quercetin [(7.39依0.05) mg/g]. 
Conclusions: These effects could be attributed to the bioactive polyphenolic compounds present 
in the extract. Our results suggest that SAG extract is a potential source of natural antioxidants 
that may be used not only in pharmaceutical and food industry but also in the treatment of 
diseases associated with oxidative stress. 
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mitochondrial respiratory chain are a family of active 
molecules containing free radicals and are involved in the 
modulation of biological cell functions. However, excessive 
ROS bring about oxidative stress that cause injury to various 
cellular constituents such as lipid, protein and DNA, 
leading to the alteration in the integrity of cell membrane 
that consequently result in growth arrest, senescence or 
apoptosis[3]. They have been reported to play a major role 
in the pathogenesis of various human diseases including 
ischemia, carcinogenesis, inflammation/immune injury, 
arthritis, coronary diseases, hemorrhagic shock, cataract 
as well as age-related degenerative brain disorders[4,5]. 
Oxidative stress is thought to affect many intracellular 
compartments in particular the mitochondria. Several 
studies have indicated that the mitochondrial permeability 
transition pore (MPTP) is involved in cellular responses to 
oxidative stress[6-8]. For instance, over accumulation of 
calcium, overproduction of ROS, high pH, low membrane 
potential and oxidized pyridine nucleotides which are 
associated with oxidative stress, can cause opening of the 
MPTP[9], resulting in a marked increase in inner membrane 
permeability as well as a decrease in membrane potential, 
leading to mitochondrial swelling, release of cytochrome c, 
cell damage and apoptosis[10]. Induction of MPTP has been 
reported to be prevented by antioxidants such as catalase 
and free radical scavengers[11]. Almost all organisms are 
equipped with antioxidant mechanisms to defend and repair 
oxidative damage. However, endogenous antioxidants may 
not be efficient in some cases; thus, exogenous antioxidant 
consumption can help the antioxidant mechanism of 
the organism to prevent against diseases associated 
with oxidative stress. Principal sources of exogeneous 
antioxidant include herbs, spices, and medicinal plants. 
Natural antioxidants from dietary plants are reported to 
prevent oxidative damage caused by free radical and active 
oxygen, and they also prevent the occurrence of disease, 
aging, and cancer[12]. 
   Solanum anguivi Lam. (SAG) is a rare ethnomedicinal 
herb belonging to the family Solanaceae. The plant can be 
found in many places throughout non arid part of Africa. It 
is highly polymorphic and variable in its plant structure, 
fruits and leaf characters. The domesticated species are 
consumed as leafy and/or fruit vegetables that are rich in 
essential minerals and vitamins[13], and are recommended 
as a dietary staple or supplements for nursing mothers, the 
young, the aged, and anaemic patients[14]. The plant is used 
as therapeutic agent for various diseases. The roots are 
carminative and expectorant useful in coughs, cultarrhal 
affections, dysuria, colic, nasal ulcers, ingredient of 
dasamula, asthma, difficult parturition, tooth ache, cardiac 
disorder, worm complaints, spinal guard disorder, nervous 
disorder and fever. The leaves and fruits rubbed up with 
sugar are used as external application for itch[15]. The fruit 
of SAG is a ready sources of vegetable commonly consumed 
in Nigeria and other African countries because of the 

traditional believe that it reduces the risk of diabetes and 
artherosclerosis[16]. 
   Recently, we have demonstrated the in vivo antioxidant 
activity of SAG in rat[17]; however, there is a lack of 
information in the literature regarding its in vitro 
antioxidant activity and its effect on mitochondrial swelling. 
Therefore, this study was undertaken to evaluate the 
antioxidant and radical scavenging activities of SAG by 
several in vitro test systems and its possible effect on MPTP 
as well as mitochondria membrane potential isolated from 
rat liver. Furthermore, we characterized qualitatively and 
quantitatively by HPLC-DAD some phenolics and flavonoids 
compounds present in SAG. 

2. Materials and methods

2.1. Plant collection

   The fruit of SAG was collected in October, 2011 from 
Ado Ekiti in Ekiti State, Nigeria. They were identified 
and authenticated at the herbarium of Plant Science and 
Forestry department, University of Ado Ekiti, Nigeria 
(voucher specimen number UHAE: 286). The fruits were air 
dried and grounded into a powdery fine texture and stored 
at room temperature in air tight polythene bag prior to use.

2.2. Preparation of extract

   The powdered plant material (100 g) was extracted with 
1 000 mL of methanol for 48 h on an orbit shaker. Extracts 
were filtered using a Buckner funnel and Whatman No. 
1 filter paper. The filtrate was concentrated to dryness 
under reduced pressure to give a yield of (12.03 g) and later 
reconstituted in distilled water due to its solubility in water 
to give the required concentrations needed in this study.

2.3. Chemicals

   All chemicals used, including solvents, were of analytical 
grade. Folin Ciocalteu’s phenol reagent, malonaldehyde 
bis-(dimethyl acetal) (MDA), thiobarbituric acid (TBA), sodium 
dodecyl sulfate, quercetin, rutin, chlorogenic acid and gallic 
acid, 1,1-Diphenyl-2-picrylhydrazyl (DPPH), butylated 
hydroxytoluene (BHT), were purchased from Sigma Chemical 
Co. (USA). Ferrous sulfate, FeCl3 were obtained from Vetec 
(Brazil). Methanol, acetic acid, gallic acid, chlorogenic 
acid and caffeic acid purchased from Merck (Darmstadt, 
Germany). High performance liquid chromatography (HPLC-
DAD) was performed with a Shimadzu Prominence Auto 
Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto, Japan), 
equipped with Shimadzu LC-20AT reciprocating pumps 
connected to a DGU 20A5 degasser with a CBM 20A integrator, 
SPD-M20A diode array detector and LC solution 1.22 SP1 
software.
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2.4. Animals

   Male Wistar rats, weighing 270-320 g from our own 
breeding colony (Animal House-holding, UFSM, Brazil) were 
kept in cages with free access to food and water in a room 
with controlled temperature (22依3) °C and in 12 h light/dark 
cycle. The protocol of this study has been approved by the 
Brazilian Association for Laboratory animal Science (COBEA).

2.5. Determination of total flavonoid

   The total flavonoid content of SAG was determined using 
quercetin as a reference compound[18]. Briefly, 50-500 mg/
mL methanolic extract was mixed with 50 µL of aluminium 
trichloride and potassium acetate. The absorption at 415 
nm was read after 30 min at room temperature. Standard 
quercetin solutions were prepared from 0.01 g quercetin 
dissolved in 20 mL of ethanol. All determinations were 
carried out in triplicate. The amount of flavonoids in both 
extracts was expressed as quercetin equivalent (QE).

2.6. Determination of total phenol

   The determination of total phenolic content was carried 
out as described by Kamdem JP, et al[19]. Briefly, samples of 
SAG extract (50-500 mg/mL) were added to a test tube and the 
volume was adjusted to 1.4 mL with distilled water. Then, 0.2 
mL of 10 % Folin-Ciocalteu reagent (diluted 1:1 with water) 
and 0.4 mL of sodium carbonate solution (7.5 %) were added 
sequentially to the test tube. The tubes were then incubated 
for 40 min at 45 °C and the absorbance was measured at 725 
nm in a spectrophotometer (SP-2000UV, Biospectro, Brazil). 
The standard curve was prepared using 0, 1, 2.5, 5, 10 and 
15 mg/mL solutions of gallic acid (0.1 mg/mL). Total phenol 
value was calculated and expressed as the microgram gallic 
acid equivalent (mg GAE) of dry extract. 

2.7. DPPH Radical Scavenging activity of extract

   DPPH radical-scavenging activity of SAG extract (50- 500 
mg/mL) and reference compound (Butylated hydroxyltoluene 
(BHT) (50- 500 mg/mL) were determined as described by 
Shanab SM, et al[20]. The capacity of extracts scavenge the 
lipid-soluble 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical, 
which results in the bleaching of the purple color exhibited 
by the stable DPPH radical, is monitored at an absorbance of 
517 nm. 

2.8. Fe2+ chelation Assay

   The ferrous ion chelating activity of extract was evaluated 
by a standard method[21]with minor changes. The reaction 
was carried out in Tris-HCL buffer (0.1 mol/L, pH 7.5). 
Briefly, various concentrations (50, 100, 200 and 500 mg/
mL) SAG extract were added to 100 µmol/L ferrous sulfate 

solution. The reaction mixture was incubated for 30 seconds, 
before the addition of 1,10-phenanthroline (0.25% w/v). 
The absorbance was subsequently measured at 510 nm in 
a spectrophotometer. Buthylate hydroxytoluene (BHT), a 
standard antioxidant was used as a positive control.

2.9. Reducing power

   The Fe3+ reducing power of the extract was determined as 
described by Kumar RS, et al.[22] with slight modification. 
Different concentrations (50, 100, 200 and 500 mg/mL) of the 
extract (0.5 mL) were mixed with 0.5 mL phosphate buffer 
(0.2 mol/L, pH 6.6) and 0.5 mL potassium ferrycyanate (0.1%), 
followed by incubation at 50 °C in a water bath for 20 min. 
After incubation, 0.5 mL of TCA (10%) was added to terminate 
the reaction. The upper portion of the solution (1 mL) was 
mixed with 1 mL distilled water, and 0.1 mL FeCl3 solution 
(1%) was added. The reaction mixture was left for 10 min at 
room temperature and the absorbance was measured at 700 
nm against an appropriate blank solution. All tests were 
performed three times. A higher absorbance of the reaction 
mixture indicated greater reducing power. BHT at the same 
concentrations (50-500 mg/mL) used for the extract was a 
positive control.

2.10. Thiobarbituric acid reactive substances assay

   Thiobarbituric acid reactive substances (TBARS) production 
was determined as described by Ohkawa H, et al[23]. 
Aliquots of the homogenate (100 µL) from brain and liver were 
incubated at 37 °C in a water bath for 1 h in the presence of 
different concentrations of SAG (200-500 µg/mL) and with Iron 
10µmol/L. Color reaction was developed by adding 200 µL of 
8.1% SDS (sodium dodecyl sulphate) to the reaction mixture. 
This was subsequently followed by the addition of 500 µL of 
acetic acid/ HCl buffer (pH 3.4) and 500 µL 0.6% thiobarbituric 
acid (TBA). This mixture was incubated at 97 °C for 1 h. TBARS 
produced were measured at 532 nm and the absorbance was 
compared with the standard curve using malondialdehyde 
(MDA).

2.11. Isolation of rat liver mitochondria

   Rat liver mitochondria were isolated as previously 
described by Puntel RL, et al.[24] with some modifications. 
The livers were rapidly removed (within 1 min) and 
immersed in ice-cold isolation buffer I containing in mmol/
L: 225 manitol, 75 sucrose, 1 K+-EGTA and 10 K+-HEPES, pH 
7.2. The tissue was minced using surgical scissors and then 
extensively washed. The tissue was then homogenized in 
a power-driven, tight-fitting Potter-Elvehjem (Reviglass, 
Brazil) homogenizer with a teflon pestle. The resulting 
suspension was centrifuged for 7 min at 2 000´g in a Hitachi 
CR 21E centrifuge (Japan). The supernatant was centrifuged 
again for 10 min at 12 000´g. The pellet was re-suspended 
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in isolation buffer II containing in mmol/L: 225 manitol, 75 
sucrose, 1 K+-EGTA (ethyleneglycol tetraacetic acid) and 10 
K+-HEPES [4-(2-hydroxyethyl)-1-piperazine ethane sulfonic 
acid], pH 7.2, and recentrifuged at 12 000 ´g for 10 min. The 
supernatant was decanted, and the final pellet was gently 
washed and resuspended in respiration buffer containing in 
mmol/L: 100 sucrose, 65 KCl, 10 K+ -HEPES and 0.05 EGTA, pH 
7.2, to a protein concentration of 0.6 mg/mL.

2.12. Standard incubation procedure

   Measurements of mitochondrial trans-membrane electrical 
potential (∆Ψm) and mitochondrial swelling, determination 
were performed in a stirred cuvette mounted in a RF-5301 
PC Shimadzu spectrofluorometer (Kyoto, Japan) at 30 °C. 
Mitochondria (0.6 mg protein) were added to 3 mL standard 
incubation buffer containing 100 mmol/L sucrose, 65 mmol/
L KCl, 10 mmol/L K-HEPES, 50 µmol/L EGTA, (pH 7.2), 60 
mmol/L ADP, 200 mmol/L MgCl2, 1 mmol/L Pi and 5 mmol/
L succinate for mitochondrial swelling. The results shown 
are representative of a series of three to six independent 
experiments, using independently isolated mitochondrial 
preparations. 

2.13. Measurement of mitochondrial membrane potential 
(∆Ψm)
 
   Mitochondrial membrane potential was estimated by 
fluorescence changes of safranine (5 µmol/L) recorded by a 
RF-5301 Shimadzu spectrofluorimeter operating at excitation 
and emission wavelengths of 495 and 586 nm, respectively, 
with slit widths of 3 nm. Values of mitochondrial membrane 
potential (∆Ψm) were expressed as the percent of control.

2.14. Measurement of mitochondrial swelling (MPTP)

   Measurement of mitochondrial swelling was performed in 
a RF-5301 Shimadzu spectrofluorometer at 600 nm (slit 1.5 
nm for excitation and emission[25]. Data are expressed as 
percentage of control.

2.15. Protein estimation

   Protein concentration was measured by the method of 
Bradford M[26] using bovine serum albumin (BSA) as standard.

2.16. Quantification of compounds by HPLC-DAD

   The phenolics and flavonoids in the extract were 
quantified by reverse phase chromatographic analysis 
by the method described by Sabir SM, et al.[27] with slight 
modifications. Reverse phase chromatographic analysis was 
carried out under gradient conditions using C 18 column 
(4.6 mm´250 mm) packed with 5-mm diameter particles. 
The mobile phase was water containing 2 % acetic acid (A) 

and methanol (B), and the composition gradient was: 5% (B) 
for 2 min; 25% (B) until 10 min; 40%, 50%, 60%, 70% and 80% 
(B) every 10 min. All samples and the mobile phase were 
filtered through a 0.45-mm membrane filter (Millipore, USA) 
and then degassed by ultrasonic bath prior to use. Stock 
solutions of standards references were prepared in the HPLC 
mobile phase at a concentration range of 0.031-0.250 mg/
mL quercetin and rutin, and 0.006-0.250 mg/mL for gallic 
and chlorogenic acids. Quantification was carried out by 
integration of the peaks using the external standard method, 
at 257 nm for gallic acid, 325 nm for chlorogenic acid and 365 
for quercetin and rutin. The flow rate was 0.8 mL/min and the 
injection volume was 40 mL. Chromatographic peaks were 
confirmed by comparing their retention time and diode-
array-UV spectra with those of the reference standards. 
All chromatography operations were carried out at ambient 
temperature and in triplicate.

2.17. Statistical analysis

   The experimental results were expressed as mean依
standard error of mean (SEM) of three replicates and were 
subjected to one-way analysis of variance followed by 
Duncan’s multiple range tests. Significant levels were tested 
at P<0.05.

3. Results

3.1. Phytochemical analysis

3.1.1. Total phenolic and flavonoid content in SAG
   The methanolic extract of SAG fruit was evaluated for the 
phenolics and flavonoids content. In the present study, the 
total phenolic and flavonoid content were (11.13依0.73) mg 
GAE (Gallic acid equivalent)/g of dried weight and (9.53依0.49) 
mg QE (Quercertin equivalent)/g of dried weight (Table 1). 
Table 1
Phenolics and flavonoids in SAG.
Sample Phenol mg/g GAE Flavonoid mg/g QE

17.13依0.73 9.53依0.49

3.1.2. HPLC analysis
   HPLC fingerprinting of extract revealed the presence of the 
phenolic acids such a gallic acid (tR=12.57 min), chlorogenic 
acid (tR=20.01 min), caffeic acid (tR=32.29 min), while 
the flavonoid contents included rutin (tR=47.58 min) and 
quercetin (tR=59.14 min) (Table 2 and Figure 1). The highest 
of the estimated phenolic acids was chlorogenic acid [(21.90
依0.02) mg/g] while the least was caffeic acid [(16.64依0.01) mg/
g]. The predominant of the estimated flavonoid contents is 
rutin [(14.71依0.03) mg/g]. The flavonoids and phenolics acids 
were identified by comparisons to the retention times and 
UV spectra of authentic standards analyzed under identical 
analytical conditions.
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Table 2
HPLC fingerprinting of SAG.
Compounds Weight (mg/g) (Percentage) %
Gallic acid 17.54依0.04 1.75
Chlorogenic acid 21.90依0.02 2.19
Caffeic acid 16.64依0.01 1.64
Rutin 14.71依0.03 1.47
Quercetin   7.39依0.05 0.73

Results are expressed as mean依standard deviations (SD) of three 
determinations. 
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Figure 1. High performance liquid chromatographic profile of phenolics and 
flavonoids in methanolic extract of SAG fruit. 
Gallic acid (peak 1), chlorogenic acid (peak 2), caffeic acid (peak 3), rutin (peak 
4) and quercetin (peak 5). 

3.2. Antioxidant assays

3.2.1. Scavenging activity on DPPH radical of SAG
   The results of DPPH radical scavenging activity of SAG and 
the standard antioxidant (BHT) are presented in Figure 3. The 
plant extract and the standard antioxidant (BHT) promoted 
an inhibition of DPPH radical with increasing concentrations. 
However, the percentage inhibition of the DPPH radical by 
the extract was lower than that of BHT. The IC50 (concentration 
that inhibits 50% of the DPPH radical) values of SAG and BHT 
were 275.03依7.8 and 30.1依1.27 µg/mL respectively (Figure 2).
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Figure 2. Quenching of DPPH color by SAG versus BHT. 
Data represents means依SEM values averages from 3 to 4 independent 
experiments performed in triplicate. 

3.2.2. Reducing power activity

   The antioxidant activity of SAG was determined by 
measuring its ability to transform Fe3+ to Fe2+. As illustrated 
in Figure 3 the reducing power of SAG increased with an 
increase in concentration when compared to the standard 
BHT, suggesting the presence of reductants in the plant 
extract. However, the reducing power of BHT was relatively 
more pronounced than that of SAG. 
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Figure 3. Reducing properties SAG and standard BHT. 
Data show means依SEM values averages from 3 to 4 independent 
experiments performed in triplicate.
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3.2.3. Metal chelating activity
   Figure 4 depicts the iron chelating ability of both SAG fruit 
and BHT, a known antioxidant. The ferrous ion-chelating 
effect of SAG and BHT correlated well with increasing 
concentrations. A maximum effect (50%) was evident at a 
concentration of 376 µg/mL, which was close to that of the 
chelating activity of BHT at concentration of 225 µg/mL. 
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Figure 4. Fe2+- chelating properties of SAG versuss BHT standard. 
Data show means依SEM values averages from 3 to 4 independent experiments 
performed in triplicate. 
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3.2.4. Lipid peroxidation inhibiting activity
   Fe (II) caused a significant increase in TBARS production 
in rat liver and brain homogenates when compared to their 
respective control (P<0.05, Figure 5A and B). SAG caused a 
significant decrease in Fe (II) -stimulated TBARS production 
in both rat liver and brain homogenates with increasing 
concentration (P<0.05, Figure 5A and B). 
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Figure 5. Effects of SAG on Fe2+ (10 µmol/L)-induced TBARS production in liver 
(A) and brain (B) homogenates. 
The samples were incubated for 1 h with Fe2+ (10 µmol/L) in the presence or 
absence of plant extracts (basal). Mean依SEM, n=3-4 independent experiments. * 
represents significant difference from basal, # represents significant difference 
from NG at P<0.05. NG: negtive control.
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3.3. Effect of methanolic extract of SAG on mitochondrial 
membrane potential

   As observed in Figure 6A and B, SAG did not have any 
effect on membrane potential (∆Ψm) at all the concentrations 
tested when compared to the control (P>0.05). 

3.4. Effect of methanolic extract of SAG on mitochondrial 
permeability transition pore (MPTP)

   Figure 7 shows the effect of SAG on mitochondrial swelling 
in the presence or absence of calcium. Under basal 
conditions, SAG did not have any effect on mitochondrial 
swelling when compared to the control (P>0.05). However, 
Ca2+ (110 µmol/L) significantly and dramatically caused 
mitochondrial swelling when compared to the control 
(P<0.05) and this effect was significantly prevented by SAG 
[(10-200) µg/mL] in a dose dependent manner. This result 
indicates the prevention of MPTP opening by SAG.  

Figure 7. Effect of SAG extract [(10-200) µg/mL] on mitochondrial swelling 
induced by 110 µmol/L calcium.
Isolated rat liver mitochondria (0.6 mg/mL) were incubated in standard medium 
and was monitored as described in experimental session. Experiments were 
performed three times using independent mitochondrial preparation. Mean依
SEM, n=3. * Significant difference from control, # significant difference from 
Ca2+: P<0.05.
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4. Discussion
   There is increasing evidence that antioxidants derived 
from indigenous plant sources may be useful in preventing 
the deleterious consequences of oxidative stress and there is 
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increasing interest in the protective biochemical functions 
of natural antioxidants contained in spices, herbs and 
medicinal plants[28]. 
   Free radicals are major cause of the propagation stage 
of the oxidation process. The high potential for scavenging 
free radicals could inhibit the spread of oxidation. In this 
context, the free radical-scavenging activity of SAG extract 
was evaluated using DPPH. SAG demonstrated the capacity 
for scavenging free radicals by reducing the stable DPPH 
radical to the yellow coloured diphenylpicryl hydrazine 
and this capacity increased with increasing concentration. 
This result indicated the potential electron and/or hydrogen 
donating ability of SAG extract. However, the radical 
scavenging potential of the extract was lower than the 
standard antioxidant, BHT. 
   There are a number of assays designed to measure 
overall antioxidant activity, or reducing potential, as an 
indication of a host´s total capacity to withstand free radical 
stress[29]. Here we evaluated the reducing potential of SAG 
extract because the reducing power reflects the electron 
donating capacity of its bioactive compounds and may 
serve as a significant indicator of its antioxidant activity. 
Our results indicated that SAG extract like the standard 
antioxidant BHT, reduced Fe3+/ferricyanide complex to the 
ferrous form, indicating the presence of reductants in the 
solution. The existence of reductones from SAG are the keys 
to its reducing power, and these exhibit their antioxidant 
activities through the action of breaking the free radical 
chain by donating a hydrogen atom[30]. 
   Iron is essential to life because of its requirements in 
various physiological and biochemical processes such 
as oxygen transport, respiration and its involvement in 
enzymatic activities. However, it has been implicated in 
the oxidative damages in lipids, proteins and other cellular 
components leading to occurrence of diseases such as 
cardiovascular and neurodegenerative diseases. The main 
strategy to avoid ROS generation which is associated with 
redox active metal catalysis involves chelating of the metal 
ions. In the present study, the antioxidative ability of SAG 
was estimated by assessing its iron chelating capacity 
and its ability to inhibit lipid peroxidation. Our results 
demonstrated that SAG interfered with the formation of 
1,10-phenanthroline-Fe2+ complex, suggesting that it 
has chelating activity and captures ferrous ion before 
phenanthroline. Phenanthroline quantitatively form 
complexes with Fe2+ and the complexes formed can be 
disrupted in the presence of chelating agents, resulting in a 
decrease in the orange colour of the complex. The chelating 
ability (Figure 5) of SAG extract can be at least, in part, 

related to the presence of phenolic compounds found in 
this plant, especially caffeic acid. In agreement with this, 
phenolics have been shown to form complexes with iron, 
this is probably related to the strong nucleophilic character 
of the aromatic rings[31]. In addition, the potent chelating 
capacity of caffeic acid has been attributed to the presence 
of the catechol group[32]. 
   Free Fe2+ can induce toxicity via stimulation of the Fenton 
reaction and its levels increased in some degenerative 
diseases. The ability of antioxidants to chelate and 
deactivate transition metals prevents such metal from 
participating in the initiation and progression of lipid 
peroxidation leading to oxidative stress through metal-
catalyzed reaction[33]is considered as an antioxidant 
mechanism. 
   Here, we have observed that SAG significantly inhibited 
Fe2+-induced TBARS formation in rat liver and brain 
homogenates (Figure 6A and B). A plausible mechanism 
by which SAG confer protection against Fe2+-induced lipid 
peroxidation in these homogenates can be attributed to the 
presence of flavonoids found in this plant, which are well 
known to be chelator compounds. SAG contains flavonoids 
such as quercetin and rutin that may form redox inactive 
complexes with Fe2+, rendering this pro-oxidant unavailable 
for Fenton reaction. Earlier study has indicated that 
quercetin and its glycoside form, rutin, effectively block 
Fe2+-induced TBARS production in brain homogenates[34]. 
Flavonoids are potent antioxidants in lipid systems where 
they reduce oxidative modifications of membranes by 
restricting the access of oxidants to the bilayer and the 
propagation of lipid oxidation in the hydrophobic membrane 
matrix[35]. The free radical scavenging by flavonoids is 
highly dependent on the presence of a free 3-OH present, 
as well as the number of hydroxyl groups presented in the 
structure[36]. The multiple hydroxyl groups presented in 
the structure of quercetin and rutin found in SAG could 
have contributed to the antioxidant capacity of the plant 
especially the inhibition of lipid peroxide in brain and liver 
homogenates exposed to iron insult observed in this study.
   Mitochondria plays a central role in energy metabolism 
and Ca2+ homeostasis in cells[37-39]. The mitochondrial 
permeability transition (MPT) is considered to contribute 
substantially to the regulation of normal mitochondrial 
metabolism and it is regarded as an important mediator of 
cell death through the opening of a membrane structure 
known as the mitochondrial permeability transition pore 
(MPTP)[40,41]. The opening of this pore is accompanied by 
membrane potential (ΔΨ) collapse, calcium release, uptake 
of electrolytes and water, matrix swelling and ruptures of 
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the mitochondrial outer membrane[42]. As a consequence, 
several factors are released into the cytosol including 
cytochrome c, apoptotic peptidase activating factor 1 
(apaf-1), apoptosis-inducing factor (AIF) and caspase family 
members, which participate in apoptosis pathways[43-

45]. Several agents, such as Ca2+, thiol oxidants, reactive 
oxygen species (ROS), and/or members of the Bcl-2 family of 
proteins can regulate cell death or survival by interference 
with MPTP opening[46-48]. In the present study, we used 
Ca2+ to induce MPTP opening. Recently, antioxidants from 
medicinal plants with calcium antagonization effect[49] 

and ROS scavengers have been proposed to be promising 
inhibitor of MPTP opening from a clinical perspective[50]. 
In the present study, SAG extract did not have any effect 
on mitochondrial membrane potential nor MPTP under 
basal condition. However, Ca2+-induced MPTP opening 
was significantly prevented by SAG extract, indicating a 
protection against MPTP opening, and the maintenance of 
the membrane potential of mitochondria. This effect can be 
due to the capacity of SAG extract counteract the effect of 
Ca2+ and/or ROS, related to its antioxidative activity. 
   It has been postulated that there is a relation between 
MPTP and ΔΨm. A report by Madesh M, et al.[51] showed that 
for some apoptotical stimuli, MPTP formation is dependent 
of mitochondrial transmembrane depolarization. Despite 
the fact that we have not tested the effect of Ca2+ on ΔΨm, 
we can presume that the MPTP observed in this study would 
have been a consequence of mitochondrial transmembrane 
depolarization induced by Ca2+. 
   Overall, the results obtained in the present study clearly 
demonstrated the efficacy of SAG extract in free radical 
scavenging, ferric reducing power, metal iron chelating 
that was associated with inhibition of lipid peroxidation 
in rat liver and brain homogenates. Also, SAG extract 
inhibited Ca2+-induced mitochondrial swelling and did not 
have any effect on mitochondrial membrane potential nor 
mitochondrial permeability transition pore (MPTP). Although 
we have not isolated the compounds responsible for the 
observed activity, we speculate that it may be related 
to the bioactive polyphenolic compounds found in the 
composition of this plant. SAG is a functional food that can 
be very effective in the treatment of various disease and 
this is consistent with the traditional use of this plant in 
folk medicine.   

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgements

   The authors acknowledge the financial support of 
Educational Trust Fund, Nigeria and Doctoral fellowship in 
Professor Joao B.T. Rocha‘s Laboratory, Federal University of 
Santa Maria, Brazil. This research was funded by Educational 
Trust Fund, Nigeria with grant number ETF/ES/AST&D/AAU/
AKUNGBA/1:2011.

Comments 

Background
   Mitochondrial permeability transition pore (MPTP) is 
activated due to oxidative stress. Antioxidants have been 
shown to prevent MPTP. The authors tried to established that 
polyphenolic compounds contained in fruit of SAG have 
antioxidant properties and are responsible for prevention of 
mitochondrial swelling which occur as a result of MPTP.
  
Research frontiers
   The authors established that SAG fruit protected 
mitochondria membrane potential and prevented 
mitochondrial swelling and that the antioxidant capacity of 
SAG is responsible for this action. The HPLC analysis of SAG 
revealed the possible bioactive compounds responsible for 
these effects.

Related reports
   This appears to be the first study on HPLC fingerprint, 
comprehensive antioxidants studies and effect of SAG fruit 
on mitochondrial membrane potential and mitochondrial 
swelling. 

Innovations and breakthroughs
   The antioxidant activity and HPLC fingerprint reveal the 
polyphenols from SAG fruit, prevention of mitochondria 
membrane permeability pore, and no effect on mitochondria 
membrane potential by fruit of SAG.
  
Applications
   The study showed that the fruit of SAG is rich in 
antioxidants that can be used as food additives to prevent 
diseases associated with oxidative stress.

Peer review
   This is a good study in which the authors established that 
SAG fruit has antioxidant activity, preventing mitochondria 
swelling and maintained mitochondria membrane potential. 
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The results are very relevant because mitochondria swelling 
and a decrease of membrane potential has been implicated 
in many diseases associated with oxidative stress.
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