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Abstract
Helichrysum sanguineum is a traditional Palestinian medicinal plant used for the treatment of various diseases. The current 
investigation aimed to estimate H. sanguineum four fractions chemical compositions, antioxidant, anti-lipase, and anti-α-
amylase activities. Phytochemical screening, total phenols, flavonoids, and tannins of H. sanguineum acetone, aqueous, 
methanol, and hexane fractions were carried out using standard analytical methods. In contrast, the free radical scavenging 
properties of these fractions were determined using the colorimetric DPPH method and Trolox as a positive control. Moreo-
ver, the anti-lipase activity was estimated using porcine pancreatic lipase enzyme inhibitory assay and Orlistat as a positive 
control. Also, the α-amylase inhibitory activity was established by utilizing the α-amylase porcine pancreatic enzyme and 
the 3,5-dinitrosalicylic acid (DNSA) method with Acarbose as a positive control. The obtained results showed that the H. 
sanguineum hexane fraction has the highest phenol and flavonoid contents and revealed the best antioxidant activity. Moreo-
ver, the aqueous fraction of H. sanguineum showed potential inhibitions against α-amylase and lipase porcine pancreatic 
enzymes in comparison with Acarbose and Orlistat, respectively. This study endorses the use of the H. sanguineum aqueous 
fraction for further in vivo studies to determine its potential against diabetes mellitus, obesity, and oxidative stress diseases.
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1 Introduction

Phytopharmaceuticals are an integral part of modern medi-
cine and pharmacy, which have been utilized to treat many 
disorders and diseases throughout the world, including 
hypertension, obesity, cancer, diabetes, atherosclerosis, 
oxidative stress, and many other others [1]. The construc-
tion of oxygen-derived free radicals (oxidant) is balanced in 
the human body with antioxidant enzymes (e.g., superoxide 
dismutase). In the case of oxidative stress, a drastic imbal-
ance between these two factors leads to potential oxidative 
damage; in response to this disturbance, these free radicals 

will affect many cellular structures, especially DNA. This 
can occur physiologically with aging but can also be pre-
sent in the pathogenesis of many diseases such as diabetes 
mellitus, neurodegenerative disorders, cancer, and cardio-
vascular diseases [2]. However, several in vivo and in vitro 
investigations showed that the presence of high levels of 
antioxidants had been shown to prevent various types of free 
radical damage that have been associated with the develop-
ment of cancer [3].

Despite the extensive efforts and researches to reduce the 
risk of obesity on health, its prevalence is increasing rapidly. 
It has been doubled over the past four decades in the USA. It 
is a multi-factorial disorder, involving genetic and environ-
mental factors (such as diet and exercise), all of which are 
challenging to treat and prevent [4].

In fact, in the pharmaceutical markets, various types of 
herbal supplements have been utilized for the treatment 
of obesity and overweight in developed and developing 
countries, since these disorders have become common. 
However, obesity poses a global concern not only for the 
physiological harm it can cause but also because of its 
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association with several diseases and disorders such as 
metabolic, endocrine, and cardiovascular diseases [5].

Recently, different strategies have been used globally 
to decrease hypertriglyceridemia, hyperlipidemia, and 
particularly to reduce body mass index in overweight and 
obese people. Moreover, several pharmaceutical agents 
available on the market have been approved for use hand-
in-hand with the required exercises and diets to decrease 
body weight and lipid levels in the plasma [6].

Diabetes mellitus is considered the most prevalent and 
morbid disease, affecting millions of people around the 
world. According to the global burden of disease (GBD), 
its prevalence increased by approximately 30.6% from 
2005 to 2015. Type 2 diabetes mellitus was first recog-
nized as part of metabolic syndrome in 1988; it is charac-
terized by insulin resistance, which leads to hyperglycemia 
and is caused by a combination of environmental, genetic, 
and behavioral factors. Obesity contributes to about 50% 
of DM type 2 cases [7]. The α-amylase is a primary meta-
bolic enzyme found in pancreatic juice and saliva, which 
can hydrolyze homoglycan complex polysaccharide mol-
ecules of Amylum (starch) into absorbable di- and mono-
saccharide units. The inhibition of α-amylase can decrease 
postprandial blood glucose levels by delaying the digestion 
of starch in the small intestine [8].

Helichrysum sanguineum (L.) Kostel. is commonly 
known as the Red Everlasting and Blood of Maccabees. 
It is a perennial herbaceous plant belonging to the Com-
positae (Asteraceae) family, which is distributed in Medi-
terranean woodlands and in shrubby lands in Palestine. It 
has a collection of cylindrical yellow flowers, which are 
very close together, wrapped in red-straw like bracts [9].

H. sanguineum has been used in traditional medicine as 
a decoction in Turkey, Palestine, and other Mediterranean 
countries to treat respiratory problems, urogenital disor-
ders, jaundice, skin inflammation, diarrhea, kidney stones, 
asthma, fever and tuberculosis [10–12].

The main chemical constituent of this and other spe-
cies of Helichrysum (e.g., H. pamphylicum, H. orientale, 
and H. neoanum) are flavonoids, such as 5,7-dihydroxy-
3,8-dimethoxy flavone, kaempferol, 3,5,7-trihydroxy-
6,8-dimethoxy flavone, peonidin 3-glucoside anthocya-
nins, kaempferol 3-glucoside, quercetin 4′-glucoside, and 
pelargonidin 3-glucoside [13] which have antioxidant [11], 
anticancer, and antimicrobial properties [14].

This research aimed to investigate: (1) the phytochemi-
cal constituents of four solvent fractions of the Palestinian 
H. sanguineum plant and to evaluate its pharmacologi-
cal activity against oxidative stress, obesity, and diabetes 
mellitus using in vitro models. (2) To evaluate the phyto-
chemical characteristics of H. sanguineum, such as total 
phenols, tannins, and flavonoids.

2  Materials and Methods

2.1  Plant Material

The aerial parts of H. sanguineum were collected in May 2017 
from the Jerusalem province of Palestine. The pharmacog-
nosy’s conducted botanical characterization, Dr. Nidal Jara-
dat, in the Herbal products Laboratory at An-Najah National 
University and kept under the herbarium voucher specimen 
number: Pharm-PCT-1170.

The aerial plant parts were cleaned and dried in the shade at 
a controlled humidity (55 ± 5 RH) and temperature (25 ± 2 °C). 
After that, the dried aerial parts were powdered and kept in 
airtight containers for further use.

2.2  Instrumentation

A Spectrophotometer-UV/Visible  (Jenway® 7135, Stafford-
shire, UK), filter papers (Whitman No. 1, Washington, USA), 
Shaker device (Memmert 531-25-1, Stockholm, Germany), 
rotavap apparatus (Heidolph-VV 2000, Schwabach, Germany), 
grinder (Aero Plus 500 W Mixer Grinder, I01, Wan Chai, 
China), electronic-balance (Radwag, AS 220/c/2, Toruńska, 
Poland) and Cryo-Desiccator (Mill-rock technology, BT85, 
Kingston, USA) were used.

2.3  Chemicals

Acetone, sodium hydroxide, n-hexane, and methanol were 
obtained from Loba Chemie (Mumbai, India), while Ninhy-
drin solution, Benedict’s and Millon’s reagents were purchased 
from Alfa Agar (Binfield, UK). Besides, iodine solution, sul-
furic acid, and Molisch’s reagent were obtained from Alfa-
Aesar (Lancaster, UK). Folin–Ciocalteu’s reagent, hydrochlo-
ric acid, aluminum chloride, potassium acetate, chloroform, 
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were bought from 
Sigma-Aldrich (Steinheim, Germany). Magnesium ribbon, 
acetic acid, ferric chloride, and dimethyl sulfoxide (DMSO) 
were obtained from Riedel-De-Haen (Teningen, Germany).

In addition, Trolox ((s)-(–)-6-hydroxy-2,5,7,8-tetramethy-
chroman-2-carboxylic acid) and quercetin were purchased 
from Sigma-Aldrich (Søborg, Denmark). However, α-amylase 
was brought from Sigma (Mumbai, India). While DNSA 
(3,5-dinitrosalicylic acid) reagent, Acarbose, p-nitrophenyl 
butyrate, Orlistat, tris–HCl buffer, and Porcine pancreatic 
lipase type II were purchased from Sigma (St. Louis, USA).

2.4  The Four Solvent Fractionation Method

The powdered material of the H. sanguineum plant was 
sequentially fractionated by adding four solvents of increas-
ing polarity: hexane (non-polar), acetone (polar-aprotic), 
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methanol, and water (polar-protic solvents). About 25 g 
of the powdered plant material was steeped in 500 ml of 
acetone, n-hexane, methanol, and water separately, and each 
fraction was placed in a shaker for 72 h at room tempera-
ture, with 100 rounds/min. Then, each fraction was kept in 
a refrigerator for 6 days. After that, the hexane, acetone, and 
methanol fractions were filter-evaporated using a rotavapor 
under certain vacuum conditions. The aqueous fraction was 
lyophilized utilizing a Cryo-Desiccator. Finally, all crude 
plant fractions were stored in the refrigerator at 4 °C until 
further use [15].

2.5  Preliminary Phytochemical Assessment

The H. sanguineum plant methanol, water, n-hexane, and 
acetone fractions were screened for the presence of major 
natural phytochemical classes by utilizing the analytical tests 
of pharmacopeias [16, 17].

2.6  Antioxidant Activity

For the evaluation of four plant fractions and Trolox (posi-
tive control), a concentration of 1 mg/ml in methanol was 
initially prepared from the plant samples. The produced 
solution utilized to form 1, 2, 3, 5, 7, 10, 20, 30, 40, 50, and 
80 µg/ml concentrations. Then, the DPPH reagent was dis-
solved in 0.002% w/v methanol and mixed with the prepared 
previously working concentrations in a 1:1:1 ratio. The pure 
methanol solution was utilized as a blank. All of the solu-
tions were incubated in a dark chamber for 30 min at room 
temperature. Then, their absorbance values were estimated 
by utilizing a UV–visible spectrophotometer at a wavelength 
of 517 nm. The percentage of antioxidant potential of each 
plant fraction and the Trolox was estimated using the fol-
lowing formula:

where Z is the absorbance of the blank and Y is the absorb-
ance of the sample.

The antioxidant half-maximal inhibitory concentration 
 (IC50) of each plant fraction was calculated utilizing Bio-
DataFit edition 1.02 [18].

2.7  Quantitative Total Phenol Content

The total phenolic contents of H. sanguineum four fractions 
were estimated colorimetrically utilizing the Folin–Ciocal-
teu procedure and Gallic acid as a reference molecule [19]. 
Briefly, from each plant fraction, 1 mg/ml aqueous solution 
was prepared for this analysis, while the reaction mixtures 
were prepared by taking 0.5 ml of the aqueous solution from 
each plant fraction, 2.5 ml of 10% Folin–Ciocalteu testing 

DPPH inhibition activity (%) = (Z − Y)∕Z × 100%

agent dissolved in water and 2.5 ml of 7.5%  NaHCO3 aque-
ous solution. Thereafter, the produced mixtures were kept 
in a thermostat at 45 °C for 45 min. The absorbance was 
estimated utilizing a spectrophotometer at a wavelength of 
765 nm. All of the studied samples were tested in triplicate 
for each plant fraction, and the mean values of absorbance 
obtained were reported. The same method was repeated for 
the standard molecule Gallic acid and then constructed the 
required calibration curve. Based on the measured absorb-
ance, the concentration of the Gallic acid equivalent was 
determined in mg of GAEq/g for each working plant sample.

2.8  Quantitative Contents of Flavonoids

The quantitative contents of flavonoids in four H. san-
guineum fractions were evaluated according to the meth-
ods of Chang et al. [20] with minor modifications. Ten mg 
of quercetin was mixed with 10 ml of distilled water and 
diluted to a final volume of 100 ml. However, a stock solu-
tion was subsequently diluted to concentrations of 10, 30, 
40, 50, 70, and 100 mg/ml and 1 ml of each solution was 
mixed with 0.3 ml of 10%  AlCl3 solution, 1 ml distilled 
water, 1 ml 2 M NaOH, and 0.3 ml  NaNO2. These prepared 
samples were incubated for 30 min at room temperature. The 
colorimetrical absorbance values obtained were estimated by 
utilizing a UV–visible spectrophotometer at a wavelength of 
510 nm. The evaluated total flavonoid content was obtained 
from quercetin’s calibration curve, which revealed mg of 
quercetin equivalent per gram for each plant fraction (mg 
QUE/g).

2.9  Determination of Total Tannin Content

The condensed tannins contents of four H. sanguineum frac-
tions were assessed according to Sun et al.’s procedure, with 
minor modifications. Briefly, 0.5 ml of 10, 30, 50, 70, and 
100 μg/ml concentrations of catechin were added to 3 ml 
of 4% vanillin-methanol solution and 1.5 ml of concen-
trated HCl. The obtained mixtures were allowed to stand 
for 15 min, and then absorption was measured at 500 nm 
against methanol as a blank. All samples were analyzed 
in triplicate, while the tannin content in each fraction was 
revealed in regards to catechin equivalents (mg of CAE/g of 
plant fraction) [21].

2.10  Porcine Pancreatic Lipase Inhibition Assay

The anti-lipase assay was conducted according to Bustanji 
et al.’s studies with minor corrections [22]. Briefly, a stock 
solution was prepared from 1 mg/ml of each H. sanguineum 
fraction with 10% dimethyl sulfoxide from which 50, 100, 
200, 300, and 400 μg/ml concentrations were prepared. 
Moreover, a 1 mg/ml stock solution of pancreatic lipase was 
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mixed with a Tris–HCl buffer solution. A stock solution of 
p-nitrophenyl butyrate was prepared by suspending 20.9 mg 
in 2 ml of acetonitrile. Then, 0.1 ml of porcine pancreatic 
lipase enzyme (1 mg/ml) was added to 0.2 ml of plant frac-
tion. The resulting mixture was then made up to 1 ml by add-
ing a Tri–HCl solution and kept at 37 °C for 15 min. After 
that, 0.1 ml of p-nitrophenyl butyrate was added to each 
working sample. These mixtures were incubated for 30 min 
at 37 °C. Pancreatic lipase activity was evaluated by calcu-
lating the hydrolysis of p-nitrophenolate to p-nitrophenol at 
405 nm, utilizing a UV/visible spectrophotometer. The same 
method was conducted using Orlistat as a positive control 
[23]. Moreover, all of the studied samples were analyzed in 
triplicate.

2.11  α‑Amylase Inhibitory Assay

This method was carried out by utilizing the procedure 
modified from McCue and Shetty [24]. A 200 μl aliquot of 
each plant fraction at concentrations of 10, 50, 70, 100, and 
500 μg/ml was placed in a test tube with 200 μl of 0.02 M 
sodium phosphate buffer (pH 6.9) containing α-amylase 
solution (2 units/ml). This solution was kept for 10 min 
at 25 °C, after which 200 μl of 1% starch solution mixed 
with 0.02 M sodium phosphate buffer solution (pH 6.9) was 
added at timed intervals and then kept for 10 min at 25 °C. 
This reaction was stopped by adding 200 μl of dinitrosali-
cylic acid (DNS). These tubes were then incubated for 5 min 
in boiling water before being cooled to room temperature. 
The mixtures were then diluted with 5 ml distilled water, 
and the absorbance was calculated at 540 nm by utilizing a 
UV–visible spectrophotometer. A control sample was pre-
pared using the same procedure and replacing the plant frac-
tion with distilled water. The α-amylase inhibitory activity 
was calculated as a percentage of inhibition using the fol-
lowing equation [25]:

The concentrations of plant fractions resulting in a 50% 
inhibition of lipase enzyme activity  (IC50) were estimated 
graphically. The same method was repeated for the utilized 
positive control of α-amylase inhibitory activity, which was 
Acarbose.

2.12  Statistical Analysis

All of the obtained results of the four studied plant fractions 
(antioxidant, anti-lipase, and anti-amylase activities) were 
expressed as mean ± SD standard deviation; the result was 
considered significant when the p value was < 0.05. Data 
were compared using unpaired t-tests.

% of inhibition =
Abs control − Abs plant fraction

Abs control
× 100

3  Results

3.1  Phytochemical Screening

The results of the preliminary phytochemical tests on the 
H. sanguineum aqueous fractions showed the presence 
of saponin glycosides, phenols, tannins, and flavonoids, 
while volatile oils, steroids, phenols, tannins, and flavo-
noids were observed in the methanolic fraction. Simulta-
neously, phenols, flavonoids, steroids, volatile oils, and 
cardiac glycosides were identified in the acetone and hex-
ane fractions, as shown in Table 1; the fractionation yields 
are shown in Table 2.

3.2  Quantitative Analysis of Phenols Contents

For the evaluation of total phenol content, the absorption 
values of several concentrations of the Gallic acid standard 
are listed in Table 3.

Table 1  Phytochemical screening assessment of H. sanguineum four 
solvents fractions

Phytochemical classes Aqueous 
fraction

Methanol 
fraction

Acetone 
fraction

Hexane 
fraction

Cardiac glycosides ‒ ‒ + +
Saponin glycoside + ‒ ‒ ‒
Alkaloids ‒ ‒ ‒ ‒
Protein ‒ ‒ ‒ ‒
Starch ‒ ‒ ‒ ‒
Phenols + + + +
Volatile oil ‒ + + +
Tannins + + ‒ ‒
Steroids ‒ + + +
Reducing sugar ‒ ‒ ‒ ‒
Monosaccharide ‒ ‒ ‒ ‒
Flavonoids + + + +

Table 2  The yield percentage of H.  sanguineum four solvents frac-
tions

Fractions Plant extract (g) Dried plant 
(g)

Yields (%)

Hexane 3.85 25 15.4
Acetone 2.15 25 8.6
Methanol 1.22 25 4.88
Aqueous 1.6 25 6.4
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From the calibration curve of Gallic acid (Fig. 1), the 
following equation was calculated to estimate the total 
phenol content in the four H. sanguineum plant fractions.

where y is the absorbance at 765 nm, and x is the total phe-
nol content of the plant fraction.

For the evaluation of total flavonoid contents in four 
H. sanguineum fractions, the absorbance of different con-
centrations was used, and the standard calibration curve was 
built to calculate the total flavonoid content in four H. san-
guineum fractions. The absorption values of several con-
centrations of the standard quercetin are listed in Table 4.

According to the standard calibration curve of quercetin, 
as presented in Fig. 2, the equation y = 0.0004x + 0.0011, 
R2 = 0.995 was utilized to estimate total flavonoid contents 
in four H. sanguineum plant fractions.

Where Y is the absorbance at 510 nm, and X is the total 
flavonoids in the four studied plant fractions.

y = 0.0112x + 0.0176, R2 = 0.9956
In addition, for the evaluation of total tannin content, the 

absorption values of several concentrations of the standard 
catechin were assessed, as listed in Table 5.

According to the standard calibration curve of cate-
chin, as shown in Fig. 3, the equation y = 0.0009x + 0.011, 
R2 = 0.9596 was used to estimated total condensed tannins 
contents in the H. sanguineum four fractions.

Where Y is the absorbance at 500 nm and X is the total 
tannin contents in H. sanguineum plant four fractions.

The total phenol, flavonoid, and tannin contents of the 
hexane, acetone, methanol, and aqueous H. sanguineum 
fractions are presented in Table 6.

3.3  Antioxidant Activity

The DPPH method was utilized as an in vitro approach 
to assess the antioxidant activities of the H. sanguineum 

Table 3  Absorption values of several concentrations of the standard 
Gallic acid

Concentration of Gallic acid (μg/ml) Absorption at 
λmax = 765 nm

0 0
10 0.142
40 0.496
50 0.557
70 0.798

Fig. 1  Standard calibration curve of Gallic acid

Table 4  Absorption values of several concentrations of the standard 
quercetin

Concentration of quercetin (μg/ml) Absorption at 
λmax = 510 nm

0 0
10 0.007
30 0.013
50 0.022
70 0.032
100 0.043

Fig. 2  Standard calibration curve of quercetin
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hexane, acetone, methanol, and aqueous fractions. The  IC50 
values were used to assess the ability of the examined sam-
ples to inhibit DPPH, which identified the amount of antioxi-
dant potential required to inhibit the radical (DPPH) concen-
tration by 50%; these were inversely linked to the antioxidant 
activities. The antioxidant  IC50 values, percentage DPPH 

inhibition of H. sanguineum four fractions, and Trolox (posi-
tive control) are shown in Table 7 and Fig. 4.

3.4  α‑Amylase Inhibition Assay

An in vitro assay of α-amylase inhibitory activity using 
starch as a substrate and Acarbose as a positive control 
was conducted on four H. sanguineum plant fractions. The 
results of  IC50 α-amylase inhibitory activity values for the 
four fractions of H. sanguineum and Acarbose are illustrated 
in Table 8 and are obtained from Fig. 5.

3.5  Porcine Pancreatic Lipase Enzyme Inhibition 
Activity

The hydrolysis of p-nitrophenyl butyrate to p-nitrophenol 
was used to measure the influence of the four H. sanguineum 
fractions on the porcine pancreatic lipase enzyme. The 
assay worked by comparing a strong lipase inhibitory agent 
to Orlistat. The lipase enzyme inhibitory activity four H. 
sanguineum fractions and Orlistat also results in their  IC50 
values are shown in Table 9 and Fig. 6.

4  Discussion

Herbals have been used as essential sources of medicines 
since ancient times and are widely used as traditional medi-
cines in many developing and developed countries; also, 
they are used in phytotherapy, which is an important branch 
of complementary and alternative medicine. In the last three 
decades, herbals have been used widely in drug discovery 
and utilized as pure active ingredients, such as morphine, 
papaverine, atropine. Also, it has been used as semisyn-
thetic aminophylline and neostigmine among many other 
derivatives.

However, the current study preliminary phytochemical 
screening tests revealed the presence of saponin glycosides, 
phenols, tannins, and flavonoids in the H. sanguineum aque-
ous while volatile oils, steroids, phenols, tannins, and fla-
vonoids were observed in the methanolic fraction. At the 

Table 5  Absorption values of several concentrations of the standard 
catechin

Concentration of catechin (μg/ml) Absorption at 
λmax = 500 nm

0 0
10 0.028
30 0.041
50 0.056
70 0.077
100 0.095

Fig. 3  Standard calibration curve of catechin

Table 6  Quantitative phenols, tannins, and flavonoids contents of H. sanguineum the hexane, acetone, methanol, and aqueous fractions

Fractions Total flavonoids contents, mg of QUE/g of 
plant fraction (± SD)

Total phenol contents, mg of GAE/g of 
plant fraction (± SD)

Total Tannin contents, mg 
of CAE/g of plant fraction 
(± SD)

Hexane 26.3 ± 1.22 63.24 ± 0.57 –
Acetone 3.5 ± 0.88 5.7 ± 0.12 –
Methanol 10.44 ± 0.58 2.5 ± 0.07 1.33 ± 0.07
Aqueous 12.32 ± 0.59 8.75 ± 0.34 0.75 ± 0.08
Trolox – – –
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same time, phenol, flavonoids, steroids, volatile oils, and 
cardiac glycoside molecules were identified in the acetone 
and hexane fractions.

The quantitative phytochemical assessment of H. san-
guineum hexane, acetone, methanol, and aqueous fractions 
showed that the hexane fraction displayed remarkably high 
levels of total phenol flavonoids contents among the other 
plant fractions: 63.24 ± 0.57 GAE/g and 26.3 ± 1.22 GAE/g, 
respectively, while the total tannin contents were not notable 
throughout of the studied plant four fractions.

In a study conducted by Alali et al., the total phenolic 
content of H. sanguineum aqueous and methanolic extracts 
was 41.3 GAE/g and 34.7 GAE/g, respectively, while the 
obtained total phenol contents in the current study for aque-
ous and methanolic fractions were 8.75 ± 0.34 GAE/g and 
2.5 ± 0.07 GAE/g, respectively [26].

Table 7  DPPH inhibition percentages and  IC50 values of Trolox, and H. sanguineum four fractions

Conc. (μg/ml) Trolox (± SD) Hexane fraction (± SD) Acetone fraction (± SD) Methanol fraction 
(± SD)

Aqueous 
fraction 
(± SD)

0 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00
1 36.54 ± 0.29 26.12 ± 1.77 4.33 ± 2.26 7.15 ± 2.34 9.47 ± 0.76
2 51 ± 0.58 40.46 ± 2.6 6.12 ± 1.67 19.77 ± 0.85 16.8 ± 1.25
3 70.2 ± 1.22 45.07 ± 2.25 10.5 ± 1.09 27 ± 1.45 18.87 ± 2.5
5 70.2 ± 1.62 47.04 ± 2.8 12.33 ± 1.34 35.86 ± 1.44 32.36 ± 1.66
7 83.95 ± 2.1 48.77 ± 1.06 18.65 ± 0.55 35.86 ± 2.42 48.77 ± 2.34
10 95.99 ± 1.52 49.5 ± 1.9 26.12 ± 1.5 35.86 ± 1.14 49.5 ± 1.08
20 96 ± 2.2 53.25 ± 2.65 40.46 ± 1.75 45.07 ± 2.22 55 ± ±2.44
30 96.5 ± 1.44 56.4 ± 1.85 45.07 ± 2.21 53.19 ± 1.85 56.4 ± 1.99
40 97.15 ± 1.82 56.9 ± 2.52 47.04 ± 0.58 53.88 ± 2.12 73.19 ± 0.85
50 97.33 ± 2.5 91.15 ± 0.75 47.04 ± 0.57 55.92 ± 1.23 94.8 ± 0.57
80 99.71 ± 2.25 93.4 ± 2.3 50.33 ± 1.34 55.92 ± 1.75 94.87 ± 0.57
IC50 (µg/ml) (± SD) 2.23 ± 0.06 8.36 ± 1.04 61.65 ± 1.35 28.84 ± 1.71 10.7 ± 1.46
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Fig. 4  DPPH radical scavenging activity of Trolox and H. san-
guineum plant four fractions

Table 8  α-Amylase inhibitory activity of H. sanguineum four fractions and Acarbose

Conc. (μg/ml) Acarbose (± SD) Hexane fraction (± SD) Acetone fraction (± SD) Methanol fraction (± SD) Aqueous 
fraction 
(± SD)

0 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00
10 53.22 ± 1.2 48.85 ± 1.2 18.98 ± 0.17 25.75 ± 0.35 46.34 ± 0.93
50 54.91 ± 0.58 62.55 ± 0.63 48.37 ± 1.16 25.75 ± 0.91 46.34 ± 0.93
70 66.1 ± 1.34 62.55 ± 0.63 50.01 ± 0.83 41.35 ± 0.35 71.15 ± 1.2
100 66.1 ± 1.62 62.55 ± 0 50.01 ± 0.83 41.35 ± 1.32 76.15 ± 1.06
500 72.54 ± 1.37 62.55 ± 0.63 53.79 ± 0.29 41.35 ± 0.35 76.15 ± 1.06
IC50 (µg/ml) (± SD) 31.6 ± 1.22 35.48 ± 0.62 199.52 ± 0.66 630.95 ± 0.66 28.18 ± 1.04
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Another investigation established by Albayrak et al. for 
some Helichrysum species from Turkey found that the total 
phenolic content of H. sanguineum methanolic extract was 
63.8 ± 0.6 GAE/g, and the antioxidant activity  IC50 value 
was 12.90 µg/ml of the dry extract [27].

Moreover, the current investigation showed that the four 
fractions of H. sanguineum have antioxidant activity, while 
the hexane and aqueous fractions showed the highest anti-
oxidant potentials with  IC50 values of 8.36 ± 1.04 µg/ml and 
10.7 ± 1.46 µg/ml, respectively.

The study by Alali et al. [26] revealed that the antioxidant 
activity of H. sanguineum aqueous and methanolic extracts 
was 0.5% and 3.3%, respectively, while the current antioxi-
dant results were 20.84% and 7.33%, respectively.

These discrepancies can be explained by the fact that used 
methods of isolation were different, and the utilized method 
of isolation in the current study using various solvents frac-
tions is sufficient than the conventional method of extract, 
and the studied H. sanguineum plant from Palestine is the 
best source for isolation of therapeutic active compounds.

To the best of the author’s knowledge, the total flavonoid 
and total tannins contents of H. sanguineum four fractions 
are also the antioxidant and total phenols of the hexane and 
acetone fractions have not been established before and the 
current study will be the first one.

Several previously conducted studies showed that the 
plants contained various classes of phenolic molecules, 
including flavonols, flavones, isoflavones, flavanones, fla-
vanols, phenolic acids, anthocyanins, simple phenolics, and 
hydroxycinnamic acid derivatives. All received considerable 
attention due to their potential pharmacological activity, 
including antioxidant, anti-lipase, and anti-amylase proper-
ties. The antioxidant activity of phenolics is mainly due to 
their redox properties, which enable them to act as reduc-
ing agents, hydrogen donors, and singlet oxygen quenchers. 
They may also have metal-chelating potential.

Hyperglycemia is a classical risk factor in the develop-
ment of diabetes mellitus complications. Several thera-
peutic protocols have been utilized for the management of 
diabetes mellitus, one of which aims to alter the absorp-
tion of glucose via the inhibition of relevant carbohydrate-
hydrolyzing enzymes, such as α-amylase; the inhibition 
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Fig. 5  α-Amylase inhibitory activity values of H. sanguineum four 
fractions and Acarbose

Table 9  Lipase inhibition activity of H. sanguineum four fractions and Orlistat

Conc. (μg/ml) Orlistat (± SD) Hexane fraction (± SD) Acetone fraction (± SD) Methanol fraction (± SD) Aqueous 
fraction 
(± SD)

0 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00
50 91.4 ± 0.8 14.4 ± 1.27 18.98 ± 0.17 11.1 ± 1.4 53.44 ± 0
100 93.9 ± 0.58 39.4 ± 0.84 26.65 ± 0.49 11.1 ± 0 53.79 ± 0.29
200 94.45 ± 1.5 68.07 ± 1.52 33.3 ± 0 39.4 ± 0.84 56.12 ± 0.38
300 97.3 ± 1.22 72.29 ± 0.99 57.04 ± 2.8 45.49 ± 2.11 65.04 ± 0.41
400 98.25 ± 0.58 72.29 ± 0.99 57.04 ± 0 45.49 ± 0 65.04 ± 0.41
IC50 (µg/ml) (± SD) 12.3 ± 0.74 109.64 ± 1.12 501.18 ± 0.69 1584.8 ± 0.87 63.09 ± 0.3
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Fig. 6  Porcine pancreatic lipase inhibition activity of H. sanguineum 
four fractions and Orlistat
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of this enzyme has been considered a strong option in the 
prevention of hyperglycemia [28]. Therefore, inhibitors 
like Acarbose, Voglibose, and Miglitol are widely used 
in type 2 diabetic patients today. Besides, numerous stud-
ies have revealed that numerous medicinal plants have 
α-amylase enzyme inhibitory activity [25, 29, 30].

However, in a study conducted by Shaw et al. [31], it 
was shown that the world prevalence of diabetes among 
adults would increase to 7.7%, affecting 439 million adults 
by 2030. There will be a 69% increase in the number of 
adults with diabetes between 2010 and 2030 in develop-
ing countries.

As a consequence of this global health problem, the 
current study aimed to evaluate the α-amylase inhibi-
tory activity of four H. sanguineum fractions. In brief, 
the results revealed that the aqueous fraction of H. san-
guineum has the highest α-amylase inhibitory effect, which 
is even more potent than acarbose, with an  IC50 value of 
28.18 ± 1.04 µg/ml. In contrast, the hexane fraction showed 
a similar  IC50 value (35.48 ± 0.62 µg/ml) as the commer-
cial drug acarbose, with an α-amylase inhibitory activity 
 IC50 value of 31.6 ± 1.22 µg/ml. However, the methanol 
and the acetone fractions showed weak α-amylase inhibi-
tory activity.

Recently, one of the meaningful challenges for scientists 
has been investigating effective, safe, and low-cost antiobes-
ity pharmaceutical dosage forms. Herbals and other natu-
ral products offered endless sources of the physiologically 
active compound, which can resolve this global health prob-
lem. The incidence of obesity has increased at an alarming 
rate and has become a significant public health concern, 
especially in the last 2 decades [32, 33].

Notably, the results of the current investigation revealed 
that the porcine pancreatic lipase enzyme inhibitory activ-
ity was best for the aqueous fraction of H. sanguineum, 
which has a pancreatic  lipase  inhibition  IC50 value of 
63.09 ± 0.3 µg/ml. The hexane and acetone fractions showed 
weak anti-lipase activity, with  IC50 values 109.64 ± 1.12 µg/
ml and 501.18 ± 0.69 µg/ml, respectively, compared with 
Orlistat, which is a commercial anti-lipase and antiobesity 
drug with an  IC50 value of 12.3 ± 0.74 µg/ml.

The results demonstrate that the hexane fraction of H. 
sanguineum plant is rich in flavonoids and phenols con-
tents and has the highest antioxidant activity, among other 
plant fractions. However, for many flavonoids and phenols, 
the potential antioxidant activity has been demonstrated in 
various in vitro and in vivo studies and considers the most 
important group of natural antioxidants [34–36].

However, flavonoids and phenols are oxidized by free 
radicals, resulting in a more stable and less-reactive radi-
cal. In other words, flavonoids and other phenols stabilize 
the reactive oxygen species by reacting with the radical 

reactive compound. Radicals are made inactive due to the 
high reactivity of the hydroxyl group of the flavonoids and 
phenols [37].

Furthermore, the aqueous fraction of the H. sanguineum 
plant showed powerful anti-lipase and anti-α-amylase 
activities. However, the phytochemical screening of this 
fraction revealed the presence of saponin glycosides. This 
secondary metabolic compound in different plant spe-
cies has shown potential antidiabetic and hypolipidemic 
effects. Fenugreek seeds, Ginseng roots, and many other 
plant species containing saponins [38–41].

To the best of the authors’ knowledge, no previous stud-
ies have been published on the anti-lipase and α-amylase 
inhibitory activities of the four H. sanguineum solvents 
antioxidant effects of the hexane and acetone fractions. 
Also, the total phenol and tannin contents of the plant have 
not been previously investigated, meaning that the current 
study is the first to report these issues.

Further phytochemical, toxicological, and clinical 
investigations are required to isolate therapeutically active 
molecules from H. sanguineum, investigate the mechanism 
of action of the isolated compounds, evaluate the associ-
ated safety and toxicity issues and conduct severe clinical 
trials on human subjects for the treatment of oxidative 
stress, diabetes mellitus and obesity.

5  Conclusion

The data obtained from the current investigation imply that 
the hexane fraction of H. sanguineum plant is rich in flavo-
noids and phenols contents and has the highest antioxidant 
activity, among other plant fractions. Moreover, the aque-
ous fraction exerts inhibitory activity against α-amylase 
and lipase. The results exhibited by the obtained fractions 
are attracting sufficient interest to promote further in vivo 
studies and design suitable pharmaceutical dosage forms 
for the treatment of oxidative stress, diabetes mellitus, and 
obesity.
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