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ABSTRACT
Background  and  Objective:  Physalis  angulata  is  used  in  ethnomedicine  for  the  treatment  of
numerous  diseases.  The  free  radical  scavenging  effect  of  Physalis  angulata  L.  leaves  ethanolic
extract and extract fractions (n-butanol, ethyl acetate and n-hexane fractions) was determined in this
study. Materials and Methods: Free radicals and antioxidant properties of Physalis angulata L. leaves
ethanolic extract and extract fractions were investigated using in vitro model. Total phenol, flavonoid, total
antioxidant capacity, 2,2-Diphenyl-1-Picrylhydrazyl (DPPH), nitric oxide and 2,2-Azino-Bis-3-
Ethylbenzothiazoline-6-Sulphonic Acid (ABTS) assays were carried out using the spectrophotometric
method. One-Way Analysis of Variance (ANOVA) and Dunnett post hoc tests at 95% level of significance
(p<0.05) and n = 5 (sample size) were used for statistical analysis. Results: The Physalis angulata leaves
ethanolic extract and extract fractions exerted free radical scavenging properties. The ethyl acetate fraction
showed a higher (significant at p<0.05) total antioxidant, (55.71 mg ascorbic acid equivalent/g of extract),
flavonoid (37.88 mg quercetin equivalent/g of extract) and phenol (48.14 mg gallic acid equivalent/g of
extract) content when compared with the other extracts. Ethyl acetate extract fraction also had the highest
(significant at p<0.05), DPPH (77.87%), ABTS (56.63%) and nitric oxide (56.28%) free radicals scavenging
effect when compared with the other plant extracts. Conclusion: The Physalis angulata leaves ethanolic
extract and extract fractions exerted free radicals scavenging activities and it could be explored as a
medicine for the treatment of diseases caused by free radicals.
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INTRODUCTION
Plants with medicinal properties have been used since ancient times for the treatment of numerous
diseases due to the presence of antioxidants that help in scavenging free radicals1. Plants contain
compounds known as antioxidants that scavenge free radicals which might cause damage to body cells2,3.
Oxidative reactions in the body lead to the production of free radicals which helps in metabolic reactions
taking place in body cells4. Free radicals in high concentration in the body can cause damage to cells and
these might lead to diseases such as cancer, diabetes, quick aging and nervous system disorder5-8. Studies
carried out recently on antioxidants obtained from different parts of plants reported that plants may be
used for the treatment of diseases caused by free radicals9,10.
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Physalis angulata L. belonging to the family Solanaceae is a plant used in ethno-medicine for the
treatment of numerous diseases due to its medicinal properties. The plant is found in tropical, subtropical
and temperate regions, these include Nigeria, India, Brazil, South America and Central America. In English
language, P. angulata is known as Wild gooseberry.

Physalis angulata is called Saadi-birii and Koropo in Hausa and Yoruba languages respectively. In
ethnomedicine, different parts of P. angulata are used for the treatment of disease11,12 in numerous
countries including Nigeria13, Kenya14, Bolivia15, Indonesia16, India17, Equatorial Guinea18 and Brazil19.
Physalis angulata is used for the treatment of fever, malaria, cough, acne, asthma, diabetes11, rashes,
gonorrhea, stomach ache, hepatitis, anaemia and for pain relief.

There  are  reports  from  studies  that  Physalis  angulata  has  antimicrobial11,20,  anticancer21,
immunomodulatory22, anti-inflammatory23, neuroprotective24, anti-oxidant25 and anti-malarial activity26.
In this study, the free radical scavenging properties of Physalis angulata leaves ethanolic extract and
extract fractions (n-butanol, ethyl acetate and n-hexane fractions) were evaluated by determining the total
antioxidant contents (flavonoid, phenol and total antioxidant capacity) and the percentage inhibition of
free radicals (2,2-diphenyl-1-picrylhydrazyl, nitric oxide and 2,2-azino-bis-3-ethylbenzothiazoline-6-
sulphonic acid) using spectrophotometric technique.

MATERIALS AND METHODS
Study area and duration: This study was carried out from June, 2022 to May, 2023 at Department of
Pharmacology, Faculty of Pharmacy, Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria and Medical
Biotechnology Department, National Biotechnology Development Agency, Abuja, Nigeria.

Plant material: Physalis angulata leaves were obtained from Ogbomoso, Oyo State, Nigeria. The plant
was authenticated at Ife Herbarium, Department of Botany, Obafemi Awolowo University (O.A.U), Ile-Ife,
Osun State, Nigeria.

Ethanolic extraction: Physalis angulata leaves were washed under clean running tap water and then
oven-dried (40oC). The dried plant sample (2 kg) was ground into powder, soaked  in  ethanol  (70%)  for
72 hrs and filtered using Whatman No.1 filter paper. The filtrate was concentrated into a solid paste using
a rotary evaporator (Rotavapor R-100, BUCHI, Switzerland) and thereafter air-dried before proceeding with
the experiment. The dried plant extract was used for the study27.

Fractionation: Physalis angulata ethanolic extract was fractionated using n-hexane, followed by
ethylacetate and lastly n-butanol28. Thereafter, the ethanolic extract fractions were each air-dried before
using it for the experiment.

Assays for antioxidants: As 1.0 mg mLG1 of the ethanolic extract, n-hexane fraction, ethylacetate fraction
and n-butanol fraction of P. angulata were used for total antioxidant capacity, flavonoid content and
phenol content assays.

Total antioxidant capacity assay: A volume of 1.0 mL of reagent mixture (0.6 M sulphuric acid, 28 mM
sodium phosphate and 4 mM ammonium molybdate) was added to 1.0 mL of the samples in different test
tubes and then incubated in a water bath at 95EC for 90 min. Thereafter, the mixture was cooled to room
temperature and the absorbance was measured at 695 nm against a reagent blank10. The total antioxidant
capacity of the extracts expressed as mg standard (ascorbic acid) equivalent per gram of the plant extract
was calculated using the following equation Eq. 1:
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(1) 
 
 

vT = c m

Where:
T = Total antioxidant in mg standard
c = Concentration of standard established from the calibration curve in mg mLG1

v = Volume of the extract in mL
m = Weight of the extract in gm

Total flavonoid content assay: The 5% sodium nitrite (0.3 mL) was added to a volume of 0.5 mL of the
samples  in  different  test  tubes  and  it  was  left  for 5 min  before  adding  0.3  mL  of  aluminium
chloride (10%). As 1 M sodium hydroxide (2.0 mL) was thereafter added to the mixture after six min.
Absorbance was read at 510 nm and Eq. 1 was used to calculate the total flavonoid contents as mg
quercetin  (standard)  equivalents/gram  of  extract10.  In Eq. 1, T = Total flavonoids content in mg
quercetin.

Total phenol content assay: As 1 M Folin-Ciocalteu’s phenol reagent (8.0 mL) was added to 0.2 mL of
each plant extract in different test tubes. Saturated sodium carbonate solution (8% w/v in distilled water)
at a volume of 1.0 mL was thereafter added to the mixture and it was kept in the dark for 30 min.
Absorbance was read at 765 nm and Eq. 1 was used to calculate the total phenol content as mg gallic acid
(standard) equivalent/gram of extract29. In Eq. 1 and T = Total phenol content in mg gallic acid (standard).

Assays for scavenging free radicals: The 2,2-diphenyl-1-picrylhydrazyl, nitric oxide and 2,2-azino-bis-3-
ethylbenzothiazoline-6-sulphonic acid assays were carried out using 62.5, 125, 250, 500 and 1000 µg
ethanolic extract/mL and 62.5 µg of each extract fraction/mL.

Assay for 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH): The 0.3 mM DPPH in methanol (1.0 mL) was added
to 1.0  mL of each plant extract. The solution was mixed and incubated for 30 min in the dark. Absorbance
was  read  at  517  and  Eq.  2  was  used  to  calculate  the  radical  scavenging  activity  in  percentage
(RSA%)9.

(2)Absorbance of reagent blank - (Absorbance of test - Absorbance of test blank)RSA (%) = ×100Absorbance of reagent blank

Assay  for  nitric  oxide:  The  3.0  mL  of sodium  nitroprusside  (10  mm)  in  phosphate-buffered  saline
(pH 7.4) was added to 1.0 mL of each plant extract in a test tube and then incubated at 25oC for 1 hr.
Thereafter Griess reagent (5.0 mL) was added to the mixture. Absorbance was read at 546 nm and Eq. 2
was used to calculate the radical scavenging activity in percentage (RSA%)30,31.

2, 2-azino-bis-3-ethylbenzothiazoline6-sulphonic Acid (ABTS) assay: The ABTS (7 mM) was mixed with
7 mM potassium per sulphate in a ratio 2:1 and the mixture was allowed to stand in the dark at room
temperature for 16 hrs. The 70% ethanol was then added to the mixture before using the ABTS working
solution. The ABTS radical scavenging analysis was performed by mixing 2.0 mL of the ABTS working
solution with 20 µL of the different concentrations (62.5, 125, 250, 500 and 1000 µg mLG1 of methanol)
of  plant  extracts/standard  solution  (trolox).  The  negative  control  was  prepared  by  adding  20  µL
of  70% ethanol in 2.0 mL of ABTS. After 1 min the absorbance was measured spectrophotometrically at
734 nm32. The readings obtained were used to calculate the percentage of radical scavenging activity
(RSA) as follows:
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1- Absorbance of sampleRSA = ×100Absorbance of negative control

Statistical analysis: The results were analyzed using One-Way Analysis of Variance (ANOVA) followed by
Dunnett post hoc multiple comparisons tests at 95% (p<0.05) level of significance using Primer (version
3.01). All results were expressed as Mean±Standard Error of the Mean (SEM). The 50% inhibition (IC50) of
the plant extract was calculated from a graph plotted using Excel.

RESULTS
Antioxidant  activity of Physalis angulata leaves: The results of the study show that a moderate
amount of flavonoid and phenol are present in Physalis angulata leaves ethanolic  extract  and  extract 
fractions (n-butanol, ethyl acetate and n-hexane extract fractions). The ethyl acetate extract fraction
showed a significant (p<0.05) increase in the total flavonoid and phenol content when compared with the
ethanolic extract and other extract fractions (Table 1).

Radical scavenging effect of Physalis angulata leaves: The concentrations of Physalis angulata leaves
ethanolic extract used for this study showed free radical scavenging property with increasing
concentrations, significant  at  p<0.05  (Table  2).  The  extract  fractions  (n-hexane,  ethyl  acetate  and
n-butanol)  also  scavenged  the  free  radicals  (Fig.  1-3).  The ethyl acetate extract fraction scavenged
the free radicals more than the ethanolic extract and other fractions of the extract, significant at p<0.05
(Fig. 1-3).

Fig. 1: Free radical (2, 2-Diphenyl-1-picrylhydrazyl) scavenging effect (%) of Physalis angulata leaves
ethanolic extract ad fractions
Data are expressed as Mean±SEM, n = 3, DPPH: 2, 2-Diphenyl-1-Picrylhydrazyl, EE: Ethanolic extract, BF: n-butanol fraction,
EAF: Ethylacetate fraction, HF: n-hexane fraction, AA: Ascorbic acid, *Significantly different from ethyl acetate extract fraction
at p<0.05 and #Significantly different from ascorbic acid at p<0.05

Table 1: Antioxidant activity of Physalis angulata leaves extracts
Ethanolic extract and extract fractions (62.5 µg) TAC (mg AAE/g) TF (mg QE/g) TP (mg GAE/g)
Ethanolic extract 24.92±0.22* 16.11±0.21* 20.64±0.23*
n-Butanol fraction 31.14±0.16* 20.05±0.20* 28.75±0.19*
Ethylacetate fraction 55.71±0.19 37.88±0.17 48.14±0.20
n-Hexane fraction 22.20±0.20* 18.06±0.24* 16.90±0.21*
Mean±SEM, n = 3, TAC: Total antioxidant capacity, TF: Total flavonoid, TP: Total phenol, mg AAE/g: Mg ascorbic acid equivalent/g
of extract, mg QE/g: Mg quercetin equivalent/g of extract, mg GAE/g: Mg gallic acid equivalent/g of extract and *Significantly
different from ethyl acetate extract fraction at p<0.05
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Fig. 2: Free radical (nitric oxide) scavenging effect (%) of Physalis angulata leaves ethanolic extract and
fractions
Data  are  expressed  as  Mean±SEM,  n  =  3,  EE:  Ethanolic  extract,  BF:  n-butanol  fraction,  EAF:  Ethyl  acetate  fraction,
HF:  n-hexane fraction,  AA:  Ascorbic  acid,  *Significantly  different  from  ethyl  acetate  extract  fraction  at  p<0.05  and
#Significantly different from ascorbic acid at p<0.05

Fig. 3: Free radical (2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid) scavenging effect (%) of
Physalis angulata leaves ethanolic extract and fractions
Data are expressed as Mean±SEM, n = 3, ABTS: 2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid, EE: Ethanolic extract,
BF: n-butanol fraction, EAF: Ethyl acetate fraction, HF: n-hexane fraction, AA: Ascorbic acid, *Significantly different from ethyl
acetate extract fraction at p<0.05 and #Significantly different from ascorbic acid at p<0.05

Table 2: Radical scavenging activity of Physalis angulata leaves ethanolic extract
Extract concentration (mg) DPPH ABTS Nitric oxide
62.5 µg 26.11±0.20* 14.57±0.23* 23.12±0.14*
125 µg 30.64±0.14* 17.24±0.25* 29.08±0.58*
250 µg 36.32±0.16* 26.78±0.20* 36.90±0.53*
500 µg 44.10±0.18* 35.19±0.21* 41.71±0.54*
1000 µg 50.83±0.14* 40.10±0.20* 48.19±0.58*
Ascorbic acid (100 µg) 79.94±0.31 88.92±0.41 92.64±0.21
Mean±SEM, n = 3, DPPH: 2, 2-Diphenyl-1-Picrylhydrazyl, ABTS: 2,2-Azino-Bis-3-Ethylbenzothiazoline-6-Sulphonic acid and
*Significantly from Ascorbic acid (100 µg) at p<0.05

DISCUSSION
Physalis angulata leaves ethanolic extract and extract fractions showed the presence of antioxidants such
as flavonoid and phenol (Table 1). The plant extracts also exerted a potent free  radical  scavenging  effect.
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Physalis angulata leaves ethanolic extract and fractions scavenged free radicals present in 2,2-diphenyl-1-
picrylhydrazyl,   nitric   oxide   and   2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic   acid   (Table  2,
Fig. 1 to 3). The results on antioxidant properties of Physalis angulata leaves gotten from this study was
similar to reports from previous studies carried out on different species of the genus Physalis. It was
reported that Physalis patula, Physalis solanacea, Physalis hederifolia and Physalis subulata exhibited
antioxidant activities and phenolic compounds were also present in the plant33.

It was also reported from previous studies that Physalis angulata ripe fruits showed total phenolic content
and antioxidant activity values that are higher than that of Physalis peruviana ripe fruit34. Antioxidant
studies carried out on the methanolic extract of Physalis angulata stem, root, leaves and stem, reported
that the plant exerted antioxidant activities35. Also, the leaves and fruits of the methanolic extract were
reported to have a higher flavonoid and phenolic content35.

Phenolic compounds are secondary metabolites with antioxidant activities found in plants. Antioxidants
function as protective substances against diseases caused by excess free radicals in the body2,10. In this
study, the ethyl acetate extract fraction of Physalis angulata leaves exerted a significantly higher flavonoid
content, phenol content, total antioxidant capacity and free radical scavenging effect when compared with
the ethanolic extract and other extract fractions (n-butanol fraction and n-hexane fraction). Physalis
angulata has shown several biological activities that may be due to the presence of antioxidants.

Previous studies carried out on Physalis angulata reported that the fruits have immunomodulation,
antioxidant and anti-inflammation properties36,37. The leaves are reported to have an antidiabetic effect38.
The ethanolic extract of Physalis angulata fruits is reported to have anti-hypertension and anti-
hyperglycemic effects39.

The results from this study showed that Physalis angulata leaves ethanolic extract and extract fractions
exerted potent free radicals scavenging effect and the ethyl acetate extract fraction had the highest
activity. These results suggest that the plant extract may be used for the treatment of diseases such as
cardiovascular disease, diabetes and cancer caused by free radicals. The free radicals scavenging effect
and antioxidant properties of Physalis angulata leaves were determined in this study. Further studies can
be carried out in order to isolate the active compound responsible for the free radicals scavenging effect
of Physalis angulata leaves.

CONCLUSION
This  study  shows that Physalis angulata leaves ethanolic extract and extract fractions exerted a free
radical scavenging effect due to its antioxidant properties. The deductions from this study suggest that
Physalis angulata leaves can be used for the treatment of diseases that are caused by free radicals which
include cardiovascular disease and cancer. The authors recommend that further studies be carried out to
isolate the active compound(s) responsible for the free radical scavenging effect of P. angulata leaves and
these might provide a better therapy for diseases caused by free radicals.

SIGNIFICANCE STATEMENT
This study discovered that the ethyl acetate extract fraction of Physalis angulata leaves exerted a higher
free radical scavenging effect, total antioxidant capacity, total flavonoid and total phenol content when
compared with the ethanolic extract and other extract fractions (n-butanol fraction and n-hexane fraction).
This study will help researchers carry out activity-guided research on the leaves of Physalis angulata  using
various solvent extracts that may lead to the development of new therapies that can be used for the
treatment of chronic oxidative stress-related diseases.
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