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Introduction

Antioxidant defenses nullify the detrimental properties of 
reactive oxygen and nitrogen species (RONS) that are pro-
duced by a number of exogenous and endogenous processes. 
The disproportion among these reactive species synthesis 
and antioxidant defenses causes oxidative stress.1 NADPH 
oxidase, angiotensin II, lipoxygenase, and myeloperoxi-
dase are all endogenous sources of these reactive species.2 
Alcohol, tobacco, water and air pollution, heavy or transi-
tion metals, industrial solvents, drugs (e.g. bleomycin, cyclo-
sporine, gentamycin, and tacrolimus), cooking (e.g. waste oil 

and smoked meat), and radiation are all exogenous sources 
of RONS, which are metabolized into free radicals inside 
the body.3 Several disorders e.g. cancer, cardiovascular dis-
eases, renal disease, fatty liver, diabetes, chronic obstructive 
pulmonary disease, and neurological diseases are linked to 
oxidative stress.4–9 A serious global public health problem 
that affects people all across the world is diabetes mellitus.10 
Diabetes mellitus is a metabolic disorder that generates 
rise in free radical ion production and a reduction in anti-
oxidant capability that leads to macro- and microvascular 
consequences.11 Recent data suggest that a redox imbalance 
causes oxidative stress, which contributes to the onset and 
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Abstract
Tamarix gallica known as Jhau is traditionally used as expectorant, liver tonic, 
laxative, astringent, and antidiarrheal. The current study was proposed to determine 
the in vitro antioxidant, antidiabetic properties of the methanolic, ethanolic, and 
aqueous extracts of Tamarix gallica arial part, subsequently the phytochemical 
evaluation. Hence, Tamarix gallica arial part extracts were extracted with methanol 
(MthTg), ethanol (EthTg), and distilled water (AqTg). Extracts phytochemical 
analysis were accomplished to identify the phenolic components (TPC and TFC). 
Extracts antioxidant property was evaluated by DPPH, FRAP, and ABTS assay. 
For antidiabetic property, α-amylase and α-glucosidase inhibitory activities were 
assessed. One Way ANOVA was applied statistically by means of software SPSS 
Statistics 23 and attained data were definite as mean ± standard deviation. Result 
revealed that EthTg have the maximum TPC and TFC levels than MthTg and 
AqTg. Antioxidant property in relations of DPPH (lowest IC50 = 1.309 ± 0.31), FRAP 
(323.51 ± 2.32), and ABTS (266.97 ± 25.14) assay was also highest in EthTg. 
EthTg was also exposed highest α-amylase and α-glucosidase inhibition activity 
with lower IC50 (1.116 ± 0.051; 0.402 ± 0.2, respectively). The extracts antioxidant 
and antidiabetic activities order was as EthTg > MthTg > AqTg. TFC and TPC 
also revealed directly proportional correlation with antioxidant, and antidiabetic 

properties of the Tamarix gallica arial part extracts. Results noticeably stated that the ethanolic extract of Tamarix gallica have the 
highest antioxidant and antidiabetic properties. Tamarix gallica has competency to reduce the oxidative stress and can be utilized 
in the management of diabetes.

Keywords: Tamarix gallica, phytochemicals, antioxidant, antidiabetic

1139208 EBM Experimental Biology and MedicineNisar et al.

Original Research

Impact statement

Numerous studies have been conducted on oxidative 
stress, diabetes, and disorders that are connected to 
these diseases. Oxidative stress is the major cause 
of many chronic diseases and diabetes is a global 
health issue now a days. We have identified the 
antioxidant and antidiabetic properties of Tamarix 
gallica that are correlated with phenolic content 
(TPC and TFC) of the plant. Our data suggest that 
Tamarix gallica have the high phenolic content. The 
results further demonstrate that Tamarix gallica 
have property to overcome the oxidative stress and 
have the ability to manage diabetes by inhibiting 
α-amylase and α-glucosidase activities. High phe-
nolic content of the plant play important role in the 
antioxidant and antidiabetic property. Even more, 
Tamarix gallica antioxidant property also a key factor 
of antidiabetic property of the plant.
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progression of diabetes and its consequences, via modulat-
ing signaling pathways involved in cell dysfunction and 
insulin resistance. Reactive oxygen species (ROS) can also 
directly oxidize proteins implicated in the diabetic process 
(a process known as redox modification).10

A multitude of processes, including oxidative stress, 
contribute to diabetes-related cardiovascular disease. 
Consequently, it’s necessary to keep the body’s oxidative 
stress and level of sugar in check. Nature has always pro-
vided a plentiful supply of key substances linked to valued 
possessions for individual health.12 There is a lot of evidence 
that natural plants and other foods are a good antioxidants 
source.13–16 Tamarix gallica belongs to family Tamaricaceae 
(known as Jhau in Hindi) is a herbaceous, deciduous, and 
perennial twiggy shrub that thrives in moist regions such 
as riverbanks, especially in salty soils.17,18 The plant is rich 
in polyphenolic substances including flavonoids, phenols, 
saponins, tannins, coumarins, and terpenes.19 Its major phy-
toconstituents are tamarixin, tamarixetin, quercetol, troupin, 
3, 3-di-O-methylellagic acid, and 4-methylcoumarin.18,20 
Tamarix gallica has the reported hepatoprotective, antioxi-
dant, anticancer, and antimicrobial activities.17,21,22 The plant 
is traditionally used in leukoderma, spleen, and liver disor-
ders. This study was proposed to reveal the antioxidant and 
antidiabetic properties of the Tamarix gallica.

Materials and methods

Plant procurement

Tamarix gallica was obtained from domestic market Lahore, 
Pakistan. Then, expert botanists from the Botany Department 
of Government College University Faisalabad, Pakistan, 
acknowledged it.

Extract preparation

Extraction procedure as described by Mustafa et al.13 was 
used to prepare the extracts. Following a distilled water 
rinse, the plant was dried under shade and powder was 
prepared. The powder (50 g) was then steeped in ethanol, 
methanol, and distilled water (each 250 mL) for 72 h, shaking 
and mixing occasionally. Filter paper was used to filter the 
mixture (Whatman No. 1). Filtrates were concentrated and 
transferred to a petri plate in a rotary evaporator (SCI100-
Pro; SCILOGEX, USA) at 40°C. The petri plate was stayed 
in an incubator at 40 C until it had dried out completely. Up 
until further research, the extract was kept at 4°C.

Qualitative phytochemical analysis

According to Singh and Bag,23 phytochemical studies of 
extracts were carried out qualitatively using established pro-
cedures to determine the key phytochemical components.

Quantitative phytochemical 
assessment

Total phenolic contents (TPC)

10 µL of plant extract (1 mg/mL) were diluted in Folin-
Ciocalteau reagent (100 µL) and 2.5% Na2CO3 (200 µL). TPC 
in the extracts was measured by mean of the gallic acid 

standard curve, as described by Kainama et al.24 Absorbance 
(A) was measured after incubation (60 min) at room tem-
perature by mean of biochemistry analyzer (Biolab-310) at 
760 nm. TPC was measured in mg GAE/g of TPC.

Total flavonoid contents (TFC)

TFC were calculated using Quercetin (Q) as a standard, as 
described by Bajalan et al.25 In a nutshell, 1 mL of distilled 
water (DW) was mixed with 100 µL of plant extract (1 mg/
mL). After 5 min of room temperature incubation, 125 µL 
of aluminum chloride and 75 µL of 5% sodium nitrite were 
added and incubated for another 6 min at room temperature. 
Finally, 1M sodium hydroxide (125 µL) was mixed, and the 
absolute volume was made with DW up to 2.5 mL. Using a 
chemical analyzer, the absorbance was estimated at 540 nm 
(Biolab-310).

Antioxidant assay

Ferric reducing antioxidant potential (FRAP) assay 
(µmole Fe2+/g DW)

FRAP was determined by the method as verified by Sethi 
et al.26 3.995 mL working solution (10 mM 2, 4, 6-tripyridyl-
s-triazine (one volume) in 40 mM HCl, 300 mM acetate 
buffer (10 volumes), 20 mM ferric chloride (one volume) 
was mixed together with the 5 µL sample. The absorbance 
was taken at 593 nm.

ABTS assay (Trolox equivalent/g DW)

With minor modifications, the ABTS test was carried out 
as demonstrated by Asem et al.27 The ABTS combination 
was prepared by mixing a 7-mM ABTS solution in distilled 
water with a 1:1 ratio of K2S2O8 solution (2.5 mM). To get 
an absorbance of 0.7 at 734 nm, the resulting mixture was 
further diluted with methanol. After that, each plant extract 
solution (5 µL) was combined with ABTS solution (3.995 mL). 
After incubation (30 min) at room temperature, the absorb-
ance was taken at 734 nm.

DPPH scavenging activity (percent inhibition)

Dimethyl sulfoxide (DMSO) was used to dilute the plant 
extracts at mg/mL concentration. In methanol (0.025 g/L), 
2, 2-diphenyl-1-picrylhydrazyl (DPPH) was dissolved.  
5 µl of sample solution were combined with 585 µL of DPPH 
working solution. Using a chemical analyzer (Biolab-310), the 
absorbance was measured at 515 nm after a 20-min incubation 
period at room temperature. By mean of the following equa-
tion, DPPH scavenging activity percentage was calculated:

A0–A1/A0100 = % DPPH scavenging activity

A0 is the absorbance of the control (the sample was changed 
with DW) and A1 is the absorbance of the sample.28

In vitro antidiabetic assay

α-amylase inhibitory activity

500 μL of plant extract (25, 50, 75, and 100 mg/mL dH2O) and 
500 μL amylase solution (0.5 mg/mL in phosphate buffer; 
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pH 7.4) were kept at room temperature for 10 minutes. Then, 
in 0.02M sodium phosphate buffer, a 1% starch solution 
(500 µL) was mixed (pH 7.4). After incubation (10 min) at 
room temperature, the reaction was ended by mixing 1mL of 
3,5-dinitrosallicylic acid (DNSA) color reagent. After 10 min 
in a boiling water bath, the mixture was cooled to room 
temperature and diluted with 10 mL DW. A biochemistry 
analyzer (Biolab-310) was used to measure absorbance at 
540 nm.

For α-amylase, the percent of inhibition was calculated 
as follows

Percent inhibitory activity of -amylase = 
-A

A 100
0 1

0

α
×

A

A0 is the absorbance of the control (extract sample was sub-
stituted with D.W) and A1 is the absorbance of the sample.29

α-glucosidase inhibitory activity

500-µL plant extract (25, 50, 75, and 100 mg/mL dH2O),  
1% starch solution (500 µL) in 0.2M Tris buffer (pH = 8) and 
500-µL glucosidase solution (1 U/mL in tris-buffer; pH 8) 
were maintained at 37°C for 10 min. To stop the process, the 
solution was placed for 2 min in a boiling water bath. The 
amount of glucose released is calculated. A blank sample, 
which does not include the test sample, represents 100% 
enzyme activity. As a positive control, acarbose (glucosidase 
inhibitor) was used. A biochemistry analyzer (Biolab-310) 
was used to detect absorbance at 540 nm.

For α-glucosidase, the percent of inhibition was calcu-
lated as follows

Percent inhibitory activity of -glucosidase=
A -A
A 100

0 1

0

α
×

A0 is the absorbance of the control (extract sample was sub-
stituted with DW) and A1 is the absorbance of the sample.29

Evaluation of antioxidative enzymes

Catalase (CAT) assay

The previously reported method was followed to measure 
the activity of the Catalase enzyme in a 96-well plate contain-
ing 12 mM KH2PO4 (pH 7.0), 31.25 mM H2O2 and secretome 
in all the experimental wells containing blank wells, met-
formin, EthTg, MthTg, and AqTg. After light exposure for 30 
to 60 s, absorbance was measured at 240 nm against a blank. 
The difference in absorbance at 45 and 60 s was used to cal-
culate CAT activity. The enzyme activity was calculated from 
the difference of absorbance at 45 and 60 s and expressed as 
enzyme units per gram of fresh weight (Ug−1 FW). All the 
procedures were repeated thrice.30

Superoxide dismutase (SOD) assay

The previously reported method of Shamim and Rehman30 
was followed to estimate the activity of SOD enzyme in 
96-well plate having the HepG2 cells. The reaction solu-
tion contained secretome for various treatment groups and 
mixed with 100 mM of KH2PO4 buffer with a pH of 7.8,  

ethylenediaminetetraacetic acid (EDTA) (0.1 mM), methio-
nine (13 mM), nitro-blue tetrazolium chloride (NBT; 
2.25 mM), and riboflavin (60 µM). This mixture, along with 
metformin and different concentrations of various plant 
extracts, were added to the HepG2 cell. All the wells except 
blank were exposed to light for 10 min, and absorbance was 
taken at 560 nm. The final value for SOD activity was calcu-
lated using the following equation and expressed as units 
per gram of fresh weight (Ug−1 FW). All the procedures were 
repeated thrice.30

SOD Activity = Absorbance of Control – Absorbance of sample

Cell line and glucose uptake method

The HepG2 cell lines were cultured in a culture flask contain-
ing Dulbecco’s Modified Eagle Medium (DMEM) solution 
supplied with 2% of fetal bovine serum (FBS), penicillin G 
(100 mg/mL; Sigma) and streptomycin (100 U/mL; Sigma) 
for 5 days. The flask was placed in humidified CO2 incubator 
at 37°C and 5% CO2. Experiments were performed thrice in 
replicates. The cells were seeded to confluence into a 96-well 
plate and three wells were left as blank. The DMEM was then 
removed and replaced by RPMI 1640 having 2 g/L of glucose 
supplied with 0.2% bovine serum albumin. After 2 h, the 
medium was removed and replaced with the fresh medium 
again to treat the cells with various plant extracts EthTg, 
MthTg, and AqTg in different concentrations (5.0, 2.5, 1.25, 
0.63, and 0.312 mg/mL) and 0.01 mM metformin. DMSO was 
added to the first three wells used as blank. After 2 days of 
treatment, the concentration of glucose in the medium was 
measured by the glucose-oxidase method.31,32

Statistical analysis

All of the measurements were done in duplicate. Using 
SPSS-23, the attained data was analyzed using one-way 
analysis of variance (ANOVA) and Tukey’s post hoc test for 
comparison of mean values. All of the data were presented 
as a mean ± standard deviation.

Results

Qualitative phytochemical evaluation

The phytochemicals (such as flavonoids, alkaloids, carbo-
hydrates, phenols, steroids, saponin, reducing sugar, terpe-
noids, and tannins) presence or absence in MthTg, EthTg, 
and AqTg is shown in Table 1.

Total flavonoid and phenolic contents

TFC and TPC were significantly (p = 0.05) higher in EthTg 
(16.24 ± 1.14 mg QE/g and 17.4 ± 0.41 mg GAE/g, respec-
tively) than MthTg (9.86 ± 1.78 mg QE/g and 15.02 ± 1.74 mg 
GAE/g, respectively) and AqTg (8.3 ± 0.48 mg QE/g and 
7.59 ± 1.42 mg GAE/g, respectively) as revealed in Figure 1.

In vitro antioxidant assessment

The obtained data of FRAP, ABTS, and DPPH• (percent  
inhibition) assay are described in the Figures 2 and 3. 
Figure 2 showed EthTg has the highest Fe3+ into Fe2+ 
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reducing potential (323.51 ± 2.32 µmole Fe2+/g) than MthTg 
(309.82 ± 13.9 µmole Fe2+/g) and AqTg (245.69 ± 8.87 µmole 
Fe2+/g). Parallel trend was detected in ABTS scaveng-
ing radical being highest in EthTg (266.97 ± 25.14 µM 
TE/g) than MthTg (259.39 ± 11.15 µM TE/g) and AqTg 
(240.08 ± 4.47 µM TE/g) (Figure 2(B)). For DPPH activity, 
the absorbance was taken at five different concentrations 
(0.312, 0.625, 1.25, 2.5, 5). Figure 3 indicated a concentration-
dependent rise in DPPH scavenging activity in every extract. 
EthTg which has the lowest inhibitory concentration (IC50) 
(1.309 ± 0.31 mg/mL) than MthTg (1.606 ± 0.43 mg/mL), and 
AqTg (1.911 ± 0.61 mg/mL) showed maximum DPPH scav-
enging activity.

Catalase and SOD

Results showed catalase and SOD activities was increased 
in EthTg on different concentrations as compared to MthTg 

and AqTg extracts. Table 2 showed the catalase and SOD 
activities of EthTg, MthTg and AqTg extracts on different 
concentrations. EthTg also showed more catalase and SOD 
activities as compared to control group.

In vitro antidiabetic assessment

α-amylase inhibitory activity

In α-amylase inhibitory activity of all Tamarix gallica extracts, 
a concentration (0.312, 0.625, 1.25, 2.5, and 5) dependent 
increase has been noticed (Figure 4(A)). Percentage inhibi-
tion of α-amylase inhibitory activity was increased in each 
extract as concentration increased. EthTg revealed the high-
est α-amylase inhibitory activity as to have lower IC50 value 
(1.116 ± 0.051 mg/mL) than MthTg (1.67 ± 0.09 mg/mL) and 
AqTg (2.002 ± 0.26 mg/mL). Acarbose showed the lower 
IC50 value (0.35 ± 0.03 mg/mL) as compared to all extract 
types (Figure 4(B)).

Table 1. Qualitative phytochemical evaluation of Tamarix gallica.

Compounds Test EthTg MthTg AqTg

Carbohydrates Benedict’s test +++ ++ ++
 Fehling’s test – – –
Reducing sugar Fehling’s test – – –
Alkaloids Hager’s test ++ ++ ++
Proteins Xanthopeoteic test +++ ++ ++
Flavonoids Alkaline reagent test +++ +++ ++
Phenols Lead acetate test +++ +++ ++
Tannins Lead acetate test + + +
Steroids Salkowski’s test – – –
Terpenoids Salkowski’s test – – –

(+): present; (–): Absence.
EthTg: Ethanol extract of Tamarix gallica; MthTg: Methanol extract of Tamarix gallica; AqTg: Aqueous extract of Tamarix gallica.

Figure 1. (A) TFC of Tamarix gallica arial part extracts. (B) TPC of Tamarix gallica arial part extracts.
Results are presented as mean ± standard deviation of three replicates of each extract, that is, EthTg (ethanolic extract of Tamarix gallica), MthTg (methanolic extract 
of Tamarix gallica), and AqTg (aqueous extract of Tamarix gallica). DW refers to the dry weight of Tamarix gallica extract.
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Figure 2. (A) FRAP of Tamarix gallica arial part extracts. (B) ABTS assay of Tamarix gallica arial part extracts.
Results are presented as mean ± standard deviation of three replicates of each extract, that is, EthTg (Ethanolic extract of Tamarix gallica), MthTg (Methanolic extract 
of Tamarix gallica), and AqTg (aqueous extract of Tamarix gallica). DW refers to the dry weight of Tamarix gallica extract.

Figure 3. (A) DPPH scavenging activity of five different absorptions of Tamarix gallica arial part extracts. (B) DPPH IC50 value of Tamarix gallica arial part extracts.
Results are presented as mean ± standard deviation of three replicates of each extract, that is, EthTg (Ethanolic extract of Tamarix gallica), MthTg (Methanolic extract 
of Tamarix gallica), and AqTg (aqueous extract of Tamarix gallica).
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Table 2. Catalase activity, superoxide dismutase activity and glucose consumption via cell line.

Groups Concentration Catalase activity (U g−1 FW) SOD activity (U g−1 FW) Glucose consumption (µg/mL)

Control group (CG) 0 0.43 ± 0.01b 0.483 ± 0.012b 1.74 ± 0.02d

Standard group (SG) 0.1 μM – – 5.21 ± 1.04a

EthTg 5 0.76 ± 0.004a 0.61 ± 0.0021a 4.91 ± 0.12b

2.5 0.71 ± 0.012a 0.57 ± 0.003a 4.19 ± 0.73b

1.25 0.54 ± 0.05a 0.51 ± 0.01a 4.37 ± 0.49b

0.625 0.63 ± 0.09a 0.54 ± 0.003a 4.87 ± 0.7b

0.312 0.58 ± 0.034a 0.56 ± 0.078a 4.91 ± 0.32b

MthTg 5 0.43 ± 0.071b 0.41 ± 0.14b 3.46 ± 0.59c

2.5 0.49 ± 0.014b 0.37 ± 0.067b 3.12 ± 0.41c

1.25 0.39 ± 0.1b 0.45 ± 0.05b 2.91 ± 0.37c

0.625 0.41 ± 0.04b 0.31 ± 0.12b 2.84 ± 0.78c

0.312 0.35 ± 0.14b 0.39 ± 0.13b 2.79 ± 0.81c

AqTg 5 0.29 ± 0.03c  0.2 ± 0.06c 1.91 ± 0.04d

2.5 0.28 ± 0.061c 0.15 ± 0.021c 2.01 ± 0.12d

1.25 0.21 ± 0.032c 0.17 ± 0.17c 1.87 ± 0.23d

0.625 0.27 ± 0.12c 0.22 ± 0.09c 1.32 ± 0.42d

0.312 0.16 ± 0.19c 0.14 ± 0.19c 1.53 ± 0.1d

SOD: superoxide dismutase; EthTg: Ethanol extract of Tamarix gallica; MthTg: Methanol extract of Tamarix gallica; AqTg: Aqueous extract of Tamarix gallica.
Superscripts describe the significance of extracts at the different concentrations.

Figure 4. (A) α-Amylase inhibitory activity of five different absorptions of Tamarix gallica arial part extracts. (B) IC50 value of α-Amylase inhibitory activity of Tamarix 
gallica arial part extracts.
Results are presented as mean ± standard deviation of three-replicates of each extract, that is, EthTg (Ethanolic extract of Tamarix gallica), MthTg (Methanolic extract 
of Tamarix gallica), and AqTg (aqueous extract of Tamarix gallica).
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α-glucosidase inhibitory activity

α-glucosidase inhibitory activity of the all extracts, and acar-
bose revealed a concentration-dependent (0.312, 0.625, 1.25, 
2.5, 5) rise in percent activity (Figure 5(B)). EthTg revealed 
the utmost α-glucosidase inhibitory activity with lowest IC50 
value (0.402 ± 0.2 mg/mL) than MthTg (0.574 ± 0.03 mg/
mL) and AqTg (1.807 ± 0.51 mg/mL). Acarbose showed the 
utmost α-glucosidase inhibitory activity with lowest IC50 
value (0.375 ± 0.012 mg/mL) as compared to all extract types 
(Figure 5(B)).

Glucose uptake via cell line

Glucose consumption in HepG2 cell lines was high in EthTg 
on different concentrations as compared to MthTg and AqTg 
extracts. Table 2 showed the glucose consumption of EthTg, 
MthTg and AqTg extracts on different concentrations. EthTg 
showed more glucose consumption as compared to control 

group. Standard drug Metformin showed more glucose con-
sumption as compared to EthTg extract.

Antioxidant activity correlation with 
phytochemicals

TPC and antioxidant assays such as ABTS (R2 = 0.995), FRAP 
(R2 = 0.998), and DPPH IC50 value (R2 = 0. 0.928) showed a 
strong correlation. (Table 3). TFC had also showed a good 
correlation with DPPH IC50 (R2 = 0.879). FRAP (R2 = 0.589) 
and ABTS (R2 = 0.696) also showed positive correlation with 
TFC but not strong (Table 3).

Antioxidants and phytochemicals correlation with 
antidiabetic assays

The correlation results of TFC and TPC with antidiabetic 
assay in context of α-amylase inhibition activity IC50 value 
(R² = 0.963, R² = 0.824 respectively) indicated that TFC and 

Figure 5. (A) α-Glucosidase inhibitory activity of five different absorptions of Tamarix gallica arial part extracts. (B) IC50 value of α-Glucosidase inhibitory activity of 
Tamarix gallica arial part extracts.
Results are presented as mean ± standard deviation of three-replicates of each extract, that is, EthTg (Ethanolic extract of Tamarix gallica), MthTg (Methanolic extract 
of Tamarix gallica), and AqTg (aqueous extract of Tamarix gallica).
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TPC are positively correlated with the alpha amylase inhibi-
tion activity. In context of α-glucosidase inhibition activity, 
TFC and TPC also presented positive correlation (R² = 0.531, 
R² = 0.985, respectively) (Table 3). All antioxidant param-
eters revealed positive correlation with antidiabetic assay 
(Table 3). IC50 value of α-amylase inhibitory activity showed 
highly positive correlation with DPPH assay (R² = 0.9741) as 
compared to FRAP (R² = 0.7687) and ABTS (R² = 0.8552) as 
described in the Table 3. However, IC50 value of α-glucosidase 
inhibition activity showed highly positive correlation with 
FRAP (R² = 0.9972) and ABTS (R² = 0.9732) as compared to 
DPPH assay (R² = 0.8532) (Table 3).

Discussion

It is well known that throughout history, people have uti-
lized nature to satiate their basic needs. This also applies 
for the use of natural ingredients as medicines for a vari-
ety of illnesses.33 Today, traditional medicines are used by 
between 70 and 95 percent of people in underdeveloped 
countries.34 One of the main classes of secondary plant 
compounds is the phenols.35 Unique phenolic content with 
antioxidant property can have a key importance in the 
free radicals neutralization and adsorption.13,29,36 Effective 
therapeutic properties such as anticholinergic,37 antibac-
terial,38 antioxidant,39 anticancer,40 and antidiabetic29 are 
present in these substances. Around 4500 known compo-
nents are included in the secondary derivative flavonoids.41 
Long-established anti-inflammatory,42 anti-diabetic,43 anti-
oxidant,44 and anti-cancer45 properties of flavonoids have 
positive impacts on health. This study evaluates the TFC 
and TPC in ethanolic, methanolic, and aqueous extracts of 
the Tamarix gallica. The study results exposed that EthTg 
showed maximum TFC and TPC as compared to the MthTg 
and AqTg (Figure 1). Recently, Elamin46 revealed maximum 
flavonoids in the Tamarix gallica leaves extracted from ethyl 
acetate and n-butanol. Said et al.47 also showed the pres-
ence of TFC and TPC in Tamarix gallica. In a previous study, 
Boulaaba et al.48 evaluated five flavonoids in Tamarix gallica 
flower extracts including kaempferol and quercetin. Drabu 

et al.49 found TFC and TPC in methanolic extract of Tamarix 
gallica arial part.

Oxidative alterations in important biomolecules, such 
as lipid peroxidation, carbonyl (ketone /aldehyde) adduct 
production, protein carbonylation, sulfoxidation, nitration, 
and DNA damage like strand breaks or nucleobase oxida-
tion, are linked to oxidative stress.50 It will be necessary to 
attain redox status equilibrium if the antioxidants made 
endogenously are unable to stop the synthesis of reactive 
species. Plants, which contain natural antioxidants, have a 
big impact in this particular circumstance.51,52 In the present 
study, antioxidant property of the Tamarix gallica extracts 
were exposed by using ABTS, DPPH, and FRAP methods. 
The obtained data showed the substantial antioxidant out-
come of the plant extract. FRAP and ABTS data shown that 
EthTg possess the highest antioxidant ability as compared 
to MthTg and AqTg (Figure 2). Similar pattern was seen 
in DPPH result as EthTg showed maximum antioxidant 
activity with lowest IC50 as compared to MthTg and AqTg 
(Figure 3). On cell line, catalase and SOD activities also 
showed EthTg has the maximum antioxidant activity as 
compared to MthTg and AqTg. Recently, Lefahal et al.53 
also revealed the antioxidant activity of methanol and 
ethyl acetate extracts of the Tamarix gallica in context of 
DPPH and TAC assay. Both extracts showed strong TAC 
(methanol = 287.01 ± 7.85, ethyl acetate = 246.7 ± 1.12 mg 
AAE/g) and DPPH (IC50 methanol = 14.05 ± 0.66, IC50 
ethyl acetate = 27.58 ± 1.98 μg/mL) activity. Bettaib et al.22 
revealed in vitro (Fe-reducing power, EC50 = 100 μg mL−1; 
ABTS test, IC50 = 50 μg mL−1; DPPH assay IC50 = 6 μg mL−1) 
and in vivo antioxidant activity of Tamarix gallica against 
H2O2 exposed small intestine epithelial cells of rats. Tamarix 
gallica improved the CAT, SOD and MDA levels against 
H2O2 causing oxidative stress.

In this study, antidiabetic property of Tamarix gallica 
was determined by revealing α-amylase and α-glucosidase 
inhibitory activity of the plant. Key enzymes in the digestion 
of starch and glycogen are α-amylase and α-glucosidase,54 
which play important roles in regulating the glucose con-
tent.55 The study obtained data revealed that all extract 

Table 3. Correlation of phytochemicals in Tamarix gallica with antioxidant and antidiabetic parameters.

Phytochemicals Antioxidant activity Antidiabetic activity

 TPC TFC FRAP ABTS IC50 value 
of DPPH

IC50 value of  
α-amylase 
inhibitory activity

IC50 value of 
α-glucosidase 
inhibitory activity

Phytochemicals
 TPC 1 – 0.995** 0.992** 0.9283** 0.8243** 0.9851**
 TFC – 1 0.590** 0.6962** 0.8792** 0.963** 0.5371**
Antioxidant activity
 FRAP 0.995** 0.590** 1 – – 0.7687** 0.9972**
 ABTS 0.992** 0.6962** – 1 – 0.8552** 0.9732**
 IC50 value of DPPH 0.9283** 0.8792** – – 1 0.9741** 0.8532**
Antidiabetic activity
 IC50 value of α-amylase inhibitory activity 0.8243** 0.963** 0.7687** 0.8552** 0.9741** 1 –
 IC50 value of α-glucosidase inhibitory activity 0.9851** 0.5371** 0.9972** 0.9732** 0.8532** – 1

TPC: total phenolic contents; TFC: total flavonoid contents; FRAP: ferric reducing antioxidant potential; IC: inhibitory concentration; DPPH: 2, 2-diphenyl-1-picrylhydrazyl; 
ABTS: 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid.
**Correlation is significant at (p ⩽ 0.01).
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have the good antidiabetic property. EthTg had the utmost 
α-amylase inhibitory activity with lowest IC50 value as com-
pared to MthTg and AqTg (Figure 4). Likewise, EthTg also 
showed utmost α-glucosidase inhibitory activity than MthTg 
and AqTg (Figure 5). On cell line, glucose uptake was also 
high in EthTg as compared to MthTg and AqTg on concen-
tration depended manner. Malik et al.56 revealed antidiabetic 
property of Tamarix gallica against alloxan induced hyper-
glycaemia. Because of its alpha amylase and anti-oxidant 
potential, the aerial parts of Tamarix gallica have a higher 
anti-diabetic profile.56 Glucuronosylated and O-Methylated 
flavonoids from Tamarix gallica increase α-glucosidase inhibi-
tory activity.57

Numerous research works support the strong relation-
ship between TPC and TFC’s antioxidant properties.13,29,58 
The findings of this study also demonstrate a close rela-
tionship between TPC and TFC and antioxidant activi-
ties as measured by the ABTS, FRAP and DPPH assays. It 
also demonstrates that elevated TPC and TFC levels are 
the cause of elevated DPPH activity of EthTg. The DPPH 
IC50 and TPC have a high connection (R2 = 0.928), indi-
cating that increasing the TPC has increased the DPPH 
scavenging property (Table 3). Similar strong correlation 
of TPC with FRAP (R2 = 0.998) and ABTS (R2 = 0.995) was 
seen. TFC also showed positive correlation with all antioxi-
dant parameters (Table 3). Recently, Lefahal et al.53 demon-
strated that antioxidant activity of Tamarix gallica extracts 
were possibly associated to polyphenols content and flavo-
noids. TPC and TFC correlation with antidiabetic activity 
indicated that if these contents were elevated, α-amylase 
(R² = 0.824 and R² = 0.963 respectively) and α-glucosidase 
inhibitory activities (R² = 0.985 and R² = 0.531, respectively) 
also be elevated. Antioxidant parameters (ABTS, FRAP, 
and DPPH) also showed positive correlation with anti-
diabetic parameters (α-amylase inhibitory activity and  
α-glucosidase inhibitory activity) (Table 3). Mustafa et al.13 
also showed the positive correlation of phenolic contents 
with antioxidant and antidiabetic activities.

Conclusions

Tamarix gallica ethanolic extract had the strongest antioxidant 
capacity among other extracts as well as had high TFC and 
TPC. In terms of inhibiting α-glucosidase and α-amylase, 
maximum antidiabetic efficacy was also shown by ethanolic 
extract. TFC and TPC had positive correlation with antioxi-
dant and antidiabetic activities. Antioxidant activity also 
directly proportional to antidiabetic activity. So, it is con-
cluded that Tamarix gallica may have the tendency to manage 
diabetes and oxidative stress related diseases.

AuTHORS’ CONTRIBuTIONS

JN, SMAS, SA, and MA designed and conducted the study; JN, 
AR, and IM analyzed the data; JN, IM, and ZN review and wrote 
the manuscript.

DEClARATION OF CONFlICTING INTERESTS

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

FuNDING

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID IDS

Jaweria Nisar  https://orcid.org/0000-0002-0259-2594

Muhammad Akram  https://orcid.org/0000-0002-7457-8572

REFERENCES

 1. Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, Gargiulo 
G, Testa G, Cacciatore F, Bonaduce D. Oxidative stress, aging, and dis-
eases. Clin Interv Aging 2018;13:757–72

 2. Salisbury D, Bronas U. Reactive oxygen and nitrogen species: impact 
on endothelial dysfunction. Nurs Res 2015;64(1):53–66

 3. Phaniendra A, Jestadi DB, Periyasamy L. Free radicals: properties, 
sources, targets, and their implication in various diseases. Indian J Clin 
Biochem 2015;30(1):11–26

 4. Izzo C, Vitillo P, Di Pietro P, Visco V, Strianese A, Virtuoso N, Ciccarelli 
M, Galasso G, Carrizzo A, Vecchione C. The role of oxidative stress in 
cardiovascular aging and cardiovascular diseases. Life 2021;11:60–102

 5. Uddin MJ, Kim EH, Hannan MA, Ha H. Pharmacotherapy against oxi-
dative stress in chronic kidney disease: promising small molecule natu-
ral products targeting nrf2-ho-1 signaling. Antioxidants 2021;10:258–84

 6. Ornatowski W, Lu Q, Yegambaram M, Garcia AE, Zemskov EA, 
Maltepe E, Fineman JR, Wang T, Black SM. Complex interplay between 
autophagy and oxidative stress in the development of pulmonary dis-
ease. Redox Biol 2020;36:101679

 7. Chen Z, Tian R, She Z, Cai J, Li H. Role of oxidative stress in the pathogen-
esis of nonalcoholic fatty liver disease. Free Radic Biol Med 2020;152:116–41

 8. D’Oria R, Schipani R, Leonardini A, Natalicchio A, Perrini S, Cignarelli 
A, Laviola L, Giorgino F. The role of oxidative stress in cardiac dis-
ease: from physiological response to injury factor. Oxid Med Cell Longev 
2020;2020:5732956

 9. Höhn A, Tramutola A, Cascella R. Proteostasis failure in neurodegen-
erative diseases: focus on oxidative stress. Oxid Med Cell Longev 2020; 
2020:5497046

 10. Zhang P, Li T, Wu X, Nice EC, Huang C, Zhang Y. Oxidative stress and 
diabetes: antioxidative strategies. Front Med 2020;14(5):583–600

 11. Bashan N, Kovsan J, Kachko I, Ovadia H, Rudich A. Positive and nega-
tive regulation of insulin signaling by reactive oxygen and nitrogen 
species. Physiol Rev 2009;89(1):27–71

 12. Beidokhti MN, Jäger AK. Review of antidiabetic fruits, vegetables, 
beverages, oils and spices commonly consumed in the diet. J Ethno-
pharmacol 2017;201:26–41

 13. Mustafa I, Faisal MN, Hussain G, Muzaffar H, Imran M, Ijaz MU, 
Sohail MU, Iftikhar A, Shaukat A, Anwar H. Efficacy of Euphorbia 
helioscopia in context to a possible connection between antioxidant 
and antidiabetic activities: a comparative study of different extracts. 
BMC Complement Med Ther 2021;21:62

 14. Ashaolu TJ. Antioxidative peptides derived from plants for human 
nutrition: their production, mechanisms and applications. Eur Food Res 
Technol 2020;246:853–65

 15. Kolupaev YE, Karpets YV, Kabashnikova L. Antioxidative system of 
plants: cellular compartmentalization, protective and signaling func-
tions, mechanisms of regulation. Appl Biochem Microbiol 2019;55:441–59

 16. Nisar J, Mustafa I, Anwar H, Sohail MU, Hussain G, Ullah MI, Faisal 
MN, Bukhari SA, Basit A. Shiitake culinary-medicinal mushroom, Len-
tinus edodes (Agaricomycetes): a species with antioxidant, immuno-
modulatory, and hepatoprotective activities in hypercholesterolemic 
rats. Int J Med Mushrooms 2017;19(11):981–90

 17. Urfi MK, Mujahid M, Rahman MA, Rahman MA. The role of Tamarix 
gallica leaves extract in liver injury induced by rifampicin plus isonia-
zid in Sprague Dawley rats. J Diet Suppl 2018;15:24–33

 18. KalamUrfi M, Mujahid M, Badruddeen J, Khalid M, Khan M, Usmani 
A. Tamarix gallica: for traditional uses, phytochemical and pharmaco-
logical potentials. J Chem Pharm Res 2016;8:809–14

 19. Elamin M. A review of biological and pharmacological activities from 
the aerial part of Tamarisk. G. Int J Pharm Res 2016;5:22–36

https://orcid.org/0000-0002-0259-2594
https://orcid.org/0000-0002-7457-8572


262  Experimental Biology and Medicine  Volume 248  February 2023

 20. Ksouri R, Falleh H, Megdiche W, Trabelsi N, Mhamdi B, Chaieb K, 
Bakrouf A, Magné C, Abdelly C. Antioxidant and antimicrobial activi-
ties of the edible medicinal halophyte Tamarix gallica L. and related 
polyphenolic constituents. Food Chem Toxicol 2009;47(8):2083–91

 21. Bencherif K, Djaballah Z, Brahimi F, Boutekrabt A, Dalpè Y, Sahraoui 
AL-H. Arbuscular mycorrhizal fungi affect total phenolic content and 
antimicrobial activity of Tamarix gallica in natural semi-arid Algerian 
areas. S Afr J Bot 2019;125:39–45

 22. Bettaib J, Talarmin H, Droguet M, Magné C, Boulaaba M, Giroux-
Metges M-A, Ksouri R. Tamarix gallica phenolics protect IEC-6 cells 
against H2O2 induced stress by restricting oxidative injuries and 
MAPKs signaling pathways. Biomed Pharmacother 2017;89:490–8

 23. Singh KL, Bag G. Phytochemical analysis and determination of total 
phenolics content in water extracts of three species of Hedychium. 
Int J Pharmtech Res 2013;5:1516–21

 24. Kainama H, Fatmawati S, Santoso M, Papilaya PM, Ersam T. The rela-
tionship of free radical scavenging and total phenolic and flavonoid 
contents of Garcinia lasoar PAM. Pharm Chem J 2020;53:1151–7

 25. Bajalan I, Mohammadi M, Alaei M, Pirbalouti AG. Total phenolic and 
flavonoid contents and antioxidant activity of extracts from different 
populations of lavandin. Ind Crops Prod 2016;87:255–60

 26. Sethi S, Joshi A, Arora B, Bhowmik A, Sharma R, Kumar P. Significance 
of FRAP, DPPH, and CUPRAC assays for antioxidant activity determi-
nation in apple fruit extracts. Eur Food Res Technol 2020;246:591–8

 27. Asem N, Abdul Gapar NA, Abd Hapit NH, Omar EA. Correlation 
between total phenolic and flavonoid contents with antioxidant activity 
of Malaysian stingless bee propolis extract. J Apic Res 2020;59:437–42

 28. Adebiyi OE, Olayemi FO, Ning-Hua T, Guang-Zhi Z. In vitro antioxidant 
activity, total phenolic and flavonoid contents of ethanol extract of stem 
and leaf of Grewia carpinifolia. Beni-Suef Univ J Basic Appl Sci 2017;6:10–4

 29. Nisar J, Shah SMA, Akram M, Ayaz S, Rashid A. Phytochemical screen-
ing, antioxidant, and inhibition activity of Picrorhiza kurroa against 
α-amylase and α-glucosidase. Dose Response 2022;20:1–12

 30. Shamim S, Rehman A. Antioxidative enzyme profiling and biosorption 
ability of Cupriavidus metallidurans CH34 and Pseudomonas putida 
mt2 under cadmium stress. J Basic Microbiol 2015;55(3):374–81

 31. Prasanna G, Devi R, Ishwarya G. In vitro evaluation of antidiabetic and 
cytotoxicity potentials of the rhizome extract of Drynaria quercifolia 
(L.) J. Smith. Asian J Pharm Clin Res 2019;12:72–6

 32. Sundarrajan T, Velmurugan V, Srimathi R. Phytochemical evaluation 
and in vitro antidiabetic activity of ethanolic extract of alternanthera 
ficodia linn. Res J Pharm Technol 2017;10:2981–3

 33. Trendowski M. Recent advances in the development of antineoplastic 
agents derived from natural products. Drugs 2015;75(17):1993–2016

 34. Fridlender M, Kapulnik Y, Koltai H. Plant derived substances with 
anti-cancer activity: from folklore to practice. Front Plant Sci 2015;6:799

 35. Pengelly A, Bone K. The constituents of medicinal plants: an introduction 
to the chemistry and therapeutics of herbal medicine. London: Routledge, 
2020, pp.1–184

 36. Tlili N, Elfalleh W, Hannachi H, Yahia Y, Khaldi A, Ferchichi A, Nasri 
N. Screening of natural antioxidants from selected medicinal plants. 
Int J Food Prop 2013;16:1117–26

 37. Gülçin İ, Bingöl Z, Taslimi P, Gören AC, Alwasel SH, Tel AZ.  
Polyphenol contents, potential antioxidant, anticholinergic and anti-
diabetic properties of mountain mint (Cyclotrichium leucotrichum). 
Chem Biodivers 2022;19(3):e202100775

 38. Alfarrayeh I, Tarawneh K, Almajali D, Al-Awaida W. Evaluation of the 
antibacterial and antioxidant properties of the methanolic extracts of 
four medicinal plants selected from Wadi Al-Karak/Jordan related to 
their phenolic contents. Res J Pharm Technol 2022;15:2110–6

 39. Ayele DT, Akele M, Melese A. Analysis of total phenolic contents, 
flavonoids, antioxidant and antibacterial activities of Croton macro-
stachyus root extracts. BMC Chem 2022;16:30

 40. Bursal E, Taslimi P, Gören AC, Gülçin İ. Assessments of anticholiner-
gic, antidiabetic, antioxidant activities and phenolic content of Stachys 
annua. Biocatal Agric Biotechnol 2020;28:101711

 41. Croteau R, Kutchan TM, Lewis NG. Natural products (secondary 
metabolites). Physiol Mol Biol Plants 2000;24:1250–319

 42. Rosero S, Del Pozo F, Simbaña W, Álvarez M, Quinteros MF, Carrillo W, 
Morales D. Polyphenols and flavonoids composition, anti-inflammatory 
and antioxidant properties of Andean Baccharis macrantha extracts. 
Plants 2022;11:1555–74

 43. Vo Van L, Pham EC, Nguyen CV, Duong NTN, Vi Le Thi T, Truong 
TN. In vitro and in vivo antidiabetic activity, isolation of flavonoids, 
and in silico molecular docking of stem extract of Merremia tridentata 
(L.). Biomed Pharmacother 2022;146:112611

 44. Aneshwari RK, Yadav K, Banjara RA, Kumar A, Kujur A, Jain V.  
Standardization and comparative evaluation of phytochemical content 
and antioxidant activity of Alocasia indica and Tephrosia purpurea. 
Int J Health Sci 2022;6:2241–51

 45. Ahmad SR, Ghosh P. A systematic investigation on flavonoids,  
catechin, β-sitosterol and lignin glycosides from Saraca asoca (ashoka) 
having anti-cancer & antioxidant properties with no side effect. J Indian 
Chem Soc 2022;99:100293–303

 46. Elamin MM. Solvent extraction and spectroscopy identification of bio-
active compounds from medicinal shrub Tamarix gallica. Funct Foods 
Health Dis 2020;10:456–64

 47. Said S, Noureddine G, Eddine LS, Abdelmadjid G, Djamel B, Tliba A. 
Phenolic content, HPLC analysis and antioxidant activity extract from 
Tamarix gallica and Tamarix articulata growing in Southeast of Algeria. 
Res J Pharm Technol 2018;11:3826–32

 48. Boulaaba M, Snoussi M, Saada M, Mkadmini K, Smaoui A, Abdelly 
C, Ksouri R. Antimicrobial activities and phytochemical analysis of 
Tamarix gallica extracts. Ind Crops Prod 2015;76:1114–22

 49. Drabu S, Chaturvedi S, Sharma M. Antioxidant activity, total phenolic, 
and flavonoid content of aerial parts of Tamarix gallica. Int J Phytomedi-
cine 2012;4:174–80

 50. Pisoschi AM, Pop A, Iordache F, Stanca L, Predoi G, Serban AI. Oxida-
tive stress mitigation by antioxidants-an overview on their chemistry 
and influences on health status. Eur J Med Chem 2021;209:112891

 51. Salehi B, Azzini E, Zucca P, Maria Varoni E, Anil Kumar NV, Dini L, 
Panzarini E, Rajkovic J, Valere Tsouh Fokou P, Peluso I, Mishra AP, 
Nigam M, El Rayess Y, El Beyrouthy M, Setzer WN, Polito L, Iriti M, 
Sureda A, Quetglas-Llabrés MM, Martorell M, Martins N, Sharifi-Rad 
M, Estevinho LM, Sharifi-Rad J. Plant-derived bioactives and oxida-
tive stress-related disorders: a key trend towards healthy aging and 
longevity promotion. Appl Sci 2020;10:947–73

 52. Jamshidi-Kia F, Wibowo JP, Elachouri M, Masumi R, Salehifard-
Jouneghani A, Abolhasanzadeh Z, Lorigooini Z. Battle between plants 
as antioxidants with free radicals in human body. J Herbmed Pharmacol 
2020;9:191–9

 53. Lefahal M, Makhloufi EH, Trifa W, Ayad R, El Hattab M, Benahmed 
M, Keskin M, Akkal S. The cosmetic potential of the medicinal halo-
phyte Tamarix gallica L.(Tamaricaceae) growing in the eastern part of 
Algeria: photoprotective and antioxidant activities. Comb Chem High 
Throughput Screen 2021;24(10):1671–8

 54. Sales PM, Souza PM, Simeoni LA, Silveira D. α-Amylase inhibitors: 
a review of raw material and isolated compounds from plant source.  
J Pharm Pharm Sci 2012;15(1):141–83

 55. Tan Y, Chang SK, Zhang Y. Comparison of α-amylase, α-glucosidase 
and lipase inhibitory activity of the phenolic substances in two black 
legumes of different genera. Food Chem 2017;214:259–68

 56. Malik M, Sharif A, Hassan SU, Muhammad F, Khan HM, Akhtar B, 
Saeed M. Amelioration of hyperglycaemia and modulation of pro-
inflammatory cytokines by Tamarix gallica fractions in alloxan induced 
diabetic rats. Arch Physiol Biochem 2022;128:1666–75

 57. Hmidene B, Smaoui A, Abdelly C, Isoda H, Shigemori H. Effect of 
O-methylated and glucuronosylated flavonoids from Tamarix gallica 
on α-glucosidase inhibitory activity: structure-activity relationship 
and synergistic potential. Biosci Biotechnol Biochem 2016;81:445–8

 58. Mustafa I, Anwar H, Irfan S, Muzaffar H, Ijaz MU. Attenuation of 
carbohydrate metabolism and lipid profile by methanolic extract of 
Euphorbia helioscopia and improvement of beta cell function in a type 
2 diabetic rat model. BMC Complement Med Ther 2022;22:23

(Received July 28, 2022, Accepted October 10, 2022)


