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Abstract
The aim of the present study is to explore the anti-cancer, anti-oxidant, and anti-obesity potential of saffron petal extract (SPE) 
prepared through the hydro-alcoholic extraction method. Further partitioning was done with a series of polar and non-polar 
solvents to find out the most potent fraction of SPE against HCC. Organoleptic characterization depicted the color, odor, 
taste, and texture of the sub-fractions of SPE. Phytochemical, and pharmacognostic screening of these fractions revealed the 
presence of alkaloids, flavonoids, carbohydrates, glycosides, and phenols. The quantitative assessment demonstrated that 
the n-butanol fraction showed maximum phenolic (60.8 mg GAE eq./mg EW), and flavonoid (23.3 mg kaempferol eq./mg 
EW) content. The anti-oxidant study revealed that the n-butanol fraction exhibited the highest radical scavenging activity, 
as assessed through DPPH and FRAP assay. The results of the comparative cytotoxic potential also showed n-butanol as the 
best against liver cancer cells (Huh-7), as it has the least IC50 value (462.8 µg/ml). While other extracts viz., chloroform, 
n-hexane, ethyl acetate, and aqueous fractions have IC50 values as 1088, 733.9, 1043, and 1245 µg/ml, respectively. Addition-
ally, the n-butanol fraction exerted the highest inhibitory potential against α-amylase (92.5%) and pancreatic lipase enzymes 
(78%), indicating its anti-adipogenesis property. Based on the current finding, we can deduce that the n-butanol fraction of 
SPE has better cytotoxic, anti-oxidant, and anti-obesity potential than the other fractions.

Keywords  Liver cancer · Pancreatic lipase activity · Partitioning fractionation · Phytochemical screening · Reactive oxygen 
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Introduction

Saffron is used as a food additive and colorant for centuries 
(Patel et al. 2017). It is widely cultivated in many parts of 
the world, especially in Kashmir (India), Iran, and Spain 
(Sumaiya et al. 2020). Saffron has been used in traditional 
Islamic-Persian medicine as a stomach pain reliever, anti-
spasmodic, digestion aid, renal colic pain reliever, anti-
depressant, and appetizer (Milajerdi et al. 2016; Namgyal 
and Sarwat 2020). The saffron stigma is the widely used part 
of the plant. One kg of the dried stigma is produced from 
78 kg of the freshly harvested saffron flower. During the 
process of harvesting saffron stigma from its flower, petals 
are obtained in large quantities, these are not generally used 
and are discarded as a waste product or byproduct (Hos-
seini et al. 2018). The petals have several active compo-
nents including anthocyanins, flavonoids, mineral matter, 
starch, amino acids, and vitamins (riboflavin and thiamine) 
(Shakeri et  al. 2020). Owing to these metabolites, they 
show diverse biological activities including anti-oxidant, 
anti-inflammatory, hepatoprotective, neuroprotective, car-
dioprotective, and anti-microbial properties (Mohaqiq et al. 
2020; Mohamadpour et al. 2020; Omidi et al. 2014; Chen 
et al. 2017; Moshfegh et al. 2022). Therefore, it is worth 
considering saffron petals as a treatment option for various 
ailments or diseases including cancer.

Liver cancer is the most common malignancy and the sec-
ond leading cause of cancer-associated mortality worldwide 
(Gupta et al. 2020, 2022a). It accounts for about 90% of 
cases globally (Ringelhan et al. 2018). The American Cancer 
Society estimated that 28,600 men and 12,660 women were 
diagnosed with liver cancer; of which 30,520 patients have 
died (American Cancer Society 2022). Risk factors include 
unhealthy diet, alcohol consumption, air pollution, and 
physical inactivity (Behrens et al. 2018; Gupta et al. 2022b; 
Sumaiya et al. 2023). Several molecular mechanisms are 
involved in the progression of this disease but disruption of 
redox hemostasis is one of the most important mechanisms 
underlying cancer development in human cells (Aggarwal 
et al. 2019). Recent literature reports the correlation between 
reactive oxygen species (ROS) and adipogenesis with liver 
cancer progression (Sharma et al. 2021). This impairment 
in the redox system is induced by the generation of unstable 
radicals called reactive oxygen species (ROS) (Ahmad et al. 
2008; Misra et al. 2009). These molecules impair cellular 
metabolism, mitochondrial functioning, peroxisome activity, 
cellular receptor signaling, and oncogene activity (Namg-
yal et al. 2021; Sharma et al. 2021). Additionally, elevated 
ROS levels during or following cancer therapies enhance 

resistance to existing therapies and therefore, contributes 
to cancer development and metastasis (Perillo et al. 2020).

Adipogenesis is the process of converting pre-adipocytes 
into mature adipocytes which plays a vital role in tumor 
microenvironments (Ali et al. 2013). Adipocyte secretes sev-
eral adipokines that are associated with cancer development, 
metastasis, and chemo-resistance through various signaling 
pathways (Rajesh and Sarkar 2021). Additionally, elevated 
ROS and adipokines levels during or following cancer thera-
pies enhance resistance to existing therapies and contribute 
to cancer development and metastasis (Perillo et al. 2020). 
In spite of recent advances in diagnostics and treatment, the 
clinical outcome of patients with liver cancer remains unsat-
isfactory (Anwanwan et al. 2020). Additionally, patients may 
experience social, psychological, and physical problems 
leading to depression and poor quality of life (Niedzwiedz 
et al. 2019). Therefore, the development of a novel thera-
peutic agent with low toxicity and more favorable outcomes 
is urgently required. In this regard, scientists have exten-
sively evaluated the potential therapeutic effect of natural 
compounds in the treatment of various cancers. Currently, 
saffron (Crocus sativus L.) is gaining widespread attention 
from researchers in treating liver cancer (Gupta et al. 2020). 
Thus, the present study was designed to investigate and com-
pare the organoleptic, phytochemical, and pharmacognostic 
parameters, total flavonoid and phenolic content, effect on 
the α-amylase and pancreatic lipase enzymes, anti-oxidant, 
and cytotoxic activity of sub-fractions of hydro-alcoholic 
extract of saffron petals using different solvents.

Materials and methods

Chemicals and reagents

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), sodium phosphate monobasic, and 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) was purchased from Central 
Drug House Pvt. Ltd. (Pune, India) and di-nitrosalicylic 
acid, p-nitrophenyl butyrate, α-amylase and ascorbic acid 
was obtained from Sisco Research Laboratory Pvt. Ltd. 
(Pune, India). Dimethyl sulphoxide (cell-culture grade), and 
phenol solution were obtained from HiMedia Laboratories 
Pvt. Ltd. (Mumbai, India). Glucose, Sulphuric acid, Starch, 
Fetal Bovine Serum (FBS), Dulbecco’s Modified Eagle 
Medium (DMEM), Penicillin–Streptomycin (Penstrep) anti-
biotic solution, Trypsin EDTA, Epidermal Growth Factor 
(EGF), ferric chloride, acetonitrile, chloroform, potassium 
ferricyanide, and trichloroacetic acid were purchased from 
Thermo Fisher Scientific (Whattman, MA, USA). Sodium 
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carbonate, glacial acetic acid and acetic acid was obtained 
from Merck Specialities Pvt. Ltd (Darmstadt, Germany). 
Mayer’s reagent and sodium hydroxide was bought from 
Central Drug House (CDH) Ltd. (New Delhi, India).

Plant material and preparation of plant extract

Fresh saffron flowers were collected from the farms of Kash-
mir in the month of Oct–Nov. The saffron petals were manu-
ally separated and air-dried to be used for extraction. For 
the preparation of hydro-alcoholic extract (SPE), the petals 
were pulverized in an electric grinder. Extraction was car-
ried out by dissolving 50 g of dried petal powder in 1000 ml 
of ethanol (80% v/v), followed by shaking for 24 h at room 
temperature. The extract was then filtered using Whatman 
No. 1 filter paper. The filtrate was stored at 4 ℃ in a dark 
bottle till further use. For partitioning, the SPE was further 
subjected to sequential extraction with 100 ml of n-hexane 
(SHE), n-butanol (SBE), chloroform (SCE), ethyl acetate 
(SEE) and water (SAE) (Fig. 1). After extraction, the con-
tents were filtered through Whatman No. 1 filter paper. The 
filtrates were vacuum-dried with the help of a rotary evapo-
rator and stored at 4 ℃ till further use.

Pharmacognostical and phytochemical evaluation

Organoleptic evaluation

The organoleptic evaluation is a qualitative method to evalu-
ate the characteristic features of crude drugs. This property 
characterizes any drug on the basis of its color, odor, taste, 

and texture. These properties were evaluated by the method 
of Wallis (2004). To determine odor, a small amount of sub-
fractions of SPE was placed in a beaker and slowly inhaled. 
The impression of odor (rancid, aromatic, moldy, mushy, 
fruity, etc.) was noted. The taste was recorded as per its 
classification (pungent, bitter, sweet, sour, mucilaginous, 
or astringent). Additionally, samples were placed between 
the thumb and index finger to determine a texture, and the 
observations were recorded by rubbing it.

Fluorescence analysis

1–2 mg of each sub-fractions of SPE was taken, kept on a 
microscopic slide and observed in daylight and as well as 
in short-wave (254 nm) and long-wave UV light (366 nm). 
The sub-fractions were further treated with various reagents 
including 1N sodium hydroxide (aqueous), 1N sodium 
hydroxide (alcoholic), 1N hydrochloric acid, ammonia, 5% 
iodine, acetic acid, 5% ferric chloride, 1N nitric acid and 1N 
sulphuric acid and the results were recorded.

Preliminary phytochemical screening

Qualitative analyses were carried out for the phytochemical 
screening of different extracts. Standard procedures (Sup-
plementary Table 1) were followed to check the presence or 
absence of saponins, alkaloids, quinones, glycosides, cardiac 
glycosides, terpenoids, coumarins, phytosterols, phlobatan-
nins, and anthraquinones. The positive ( +) sign is indicating 
the presence of these phytochemicals and the negative (−) 
sign is indicating their absence.

Fig. 1   Schematic diagram 
representing the methodology 
of fractional separation of the 
hydro-alcoholic extract of saf-
fron petals through partitioning 
using different solvents
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Quantitative phytochemical analysis

Sample processing

For the determination of the total phenolic (TPC), flavonoid 
(TFC), and soluble sugar (TSSC), the sub-fractions were 
resuspended in distilled water. The extracts were filtered 
through a membrane filter, aliquoted, and stored at − 20 °C 
away from light.

Determination of total phenolic content (TPC) 
and total flavonoid content (TFC)

The TPC of reconstituted solutions of the n-hexane (SHE), 
n-butanol (SBE), chloroform (SCE), ethyl acetate (SEE), 
and aqueous (SAE) extracts of saffron petals was evaluated 
as follows: 2 ml of distilled water is added to 1 ml of each 
sub-fraction (SHE, SBE, SCE, SEE, and SAE) followed 
by the addition of a few drops of 10% ferric chloride. The 
appearance of green or blue color indicates the presence of 
phenols. The results were expressed as Gallic acid equiva-
lent (GAE)/mg Extractive weight (EW). For the evaluation 
of TFC, 1 ml of 2N sodium hydroxide was added to 2 ml of 
each sub-fraction. The appearance of yellow color depicts 
the presence of flavonoids. The results were expressed 
kaempferol equivalent/mg EW.

Determination of total soluble sugar content (TSSC)

The colorimetric method was used to determine the con-
centration of carbohydrates in extracts. Initially, 100 mg 
of glucose was taken in a test tube and 5 ml of 2.5N HCl 
was added into it. The test tube was boiled in a water bath 
to hydrolyze the sugar. The reaction mixture was allowed 
to cool at room temperature. Further, a sufficient quantity 
of sodium carbonate was added to the test tube until the 
effervescence stopped. The content was filtered and the vol-
ume was made up to 100 ml. From the stock, the working 
solution was prepared (0.2, 0.4, 0.6, 0.8, and 1 ml). The 
blank was prepared with all the reagents without the test 
sample. Further, 1 ml of phenol solution was added to each 
test tube and shaken well. 5 ml of sulphuric acid was added 
and the reaction mixture was incubated for the next 10 min. 
The test tubes were placed at 25–30 ℃ in the water bath for 
20 min. The test samples were prepared in a similar fashion. 
Finally, the absorbance was recorded at 490 nm in a UV 
spectrophotometer.

Evaluation of anti‑oxidant activity

2,2‑Diphenyl‑1‑picryl‑hydrazyl‑hydrate (DPPH) radical 
scavenging activity

The free radical scavenging activity of all the sub-fractions 
of SPE was evaluated using DPPH as per the standard pro-
tocol of our lab (Gupta et al. 2023). Discoloration of these 
solvent fractions was measured after incubating it for 10 min 
in the dark at 517 nm. The percentage of inhibition was 
evaluated by using a formula:

where A0 is the absorbance of the blank and A1 is the 
absorbance of the test sample.

Ferric reducing anti‑oxidant power (FRAP) assay

The reduction of ferric ions by the different solvent 
extracts was evaluated using a spectrophotometer. 1 ml 
of sub-fractions of SPE at different concentrations (0.05, 
0.1, 0.25, 0.55, and 1 mg/ml) were mixed with 2.5 ml of 
potassium buffer (0.2 M) and 2.5 ml of 1% potassium fer-
ricyanide solution in a test tube. The reaction mixture was 
further incubated at 50 °C for 20 min for the reaction to 
occur. Further, 2.5 ml of 10% trichloroacetic acid solution 
was added to the test tubes and each reaction mixture was 
centrifuged at 3000 rpm for 10 min. From the supernatant, 
2.5 ml was taken and mixed with 2.5 ml distilled water, 
and 0.5 ml of 0.1% ferric chloride solution was added to 
it. The absorbance was measured at 700 nm against blank.

α‑amylase inhibition assay

The α-amylase inhibition assay was performed as per the 
method developed in our lab (Walia and Sarwat 2020). The 
sub-fractions (250 µl) of SPE (10 mg/ml) were dissolved 
in 250 µl of sodium phosphate buffer (0.02 M, pH 6.9) 
containing α-amylase solution (0.5 mg/ml). This reaction 
mixture was incubated for 10 min at 25 ℃. Further, 250 µl 
of 1% starch solution prepared in sodium phosphate buffer 
was added and incubated for the next 10 min. The dini-
trosalicylic acid (DNS) reagent was used to terminate the 
reaction. These tubes were incubated in boiling water for 
5 min and cooled to room temperature. Finally, the mixture 
was diluted with distilled water (5 ml) and the absorbance 
was recorded at 540 nm. A similar method was followed 

% Inhibition = A
0
− A

1
∕A

0
∗ 100
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for the preparation of control where the sub-fractions were 
replaced by distilled water. Acarbose (10 mg/ml) was 
used as a standard. The α-amylase inhibitory activity was 
expressed as a percent inhibition and calculated using the 
following equation:

Pancreatic lipase inhibition assay

The inhibitory activity of the sub-fractions of SPE against 
pancreatic lipase enzyme was evaluated using p-Nitrophe-
nylbutyrate (PNPB) as a substrate as per our standardized 
protocol (Walia and Sarwat 2020). The PNPB working 
solution was prepared with 8.403 µl of PNPB stock solu-
tion and the volume was made up to 10 ml using acetoni-
trile. The sub-fractions were weighed and further prepared 
in phosphate-buffered saline (1 mg/ml) using maceration 
at 37 ℃ for 4 h followed by centrifugation at 4000 g for 
10 min. The supernatant thus collected was used as a stock 
solution and was serially diluted with phosphate buffer 
saline to achieve a concentration of 10 µg/ml. Orlistat was 
used as a standard and was prepared by dissolving the 
content of one capsule in 12 ml of DMSO. 25 µl of the 
sub-fractions and standard solution were incubated with 
50 µl of the pancreatic lipase enzyme solution in each test 
tube. Further, 100 µl of the buffer solution and 25 µl of 
the PNPB solution were incorporated into this solution. 
This reaction mixture was allowed to incubate at 37 ℃ 
for 30 min. The amount of p-nitrophenol released by the 
hydrolysis of PNPB with the help of lipase enzyme was 
measured using an ELISA plate reader at 400 nm. The 
inhibition of the lipase activity was calculated using the 
formula:

Cell lines and cell culture

The adherent hepatic cancer cell lines (Huh-7) were a kind 
gift from Prof. Subhrajit Biswas (Amity Institute of Molec-
ular Medicine and Stem Cell Research, Amity University, 
Uttar Pradesh). Huh-7 were grown in DMEM with 10% FBS 
and 1% Penstrep solution in a humidified 5% CO2 incuba-
tor at 37 ℃. Cells were cultured in T-25 mm2 culture flasks 
(Nunclon, Denmark). Cells were routinely renewed with 
fresh medium every 2–3 days. After attaining 80–90% con-
fluence, cells were counted on a hemocytometer and seeded 
for further experimentation.

%Inhibition =
[Absorbance of control − Absorbance of sub-fractions] × 100

[Absorbance of control]

%Inhibition =
[Absorbance of blank − Absorbance of sub-fractions] × 100

[Absorbance of blank]

Cell viability assay

Cell viability was determined with the help of an MTT assay 
as per the standard protocol of our lab (Aggarwal et al. 2022; 
Gupta et al. 2022a, b). Cells were seeded in 96 well plates 

at a density of 5 × 103 cells/well. After 24 h of incubation, 
cells were treated with various concentrations (400–3200 µg/
ml) of each sub-fraction for 24 h. Further, the medium was 
removed and the cells were treated with MTT after the expo-
sure period and the plate was allowed to incubate at 37 ℃ 
for 4 h. Further, 100 µl of DMSO was added to the plate and 
the absorbance was recorded at 570 nm.

Statistical analysis

Data were analyzed using GraphPad Prism version 5.01. All 
experiments were done in triplicates and the results were 
demonstrated as Mean ± SD. The data were analyzed using 
ANOVA. p < 0.05 was considered statistically significant.

Results and discussions

Indigenous herbal medicines are an integral part of the 
primary healthcare sector. However, their scientific evalu-
ation is necessary for their proper utilization (Sen and 
Chakraborty 2017). Plants produce various active constit-
uents to guard themselves against harmful microbes and 
insects (Kaur et al. 2022). These phytochemicals consist 
of different classes of compounds including terpenoids, 
phytosterols, flavonoids, alkaloids, carotenoids, phenols, 

organic acids, proteases inhibitors, etc. These compounds 
possess medicinal properties and thus can be used as the best 
template for future development. Notably, a wide variety of 
techniques are being used for the extraction of phytochemi-
cals among which solvent extraction is the most popular one 
(Kumar et al. 2023). Due to the different polarity and other 
physicochemical characteristics of the solvents, the amount 
and yield of secondary metabolites vary depending upon the 
kind of solvents. The polar solvents promote the extraction 
of phenolic compounds and their glycosidic derivatives and 
saponins, while non-polar solvents are typically used to iso-
late steroids and fatty acid (Dirar et al. 2019). Different and 
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effective bioactive compounds were extracted using different 
solvents and further compared on the basis of their biologi-
cal properties. Therefore, sub-fractions of SPE prepared in 
different polarity solvents were analyzed through different 
evaluation parameters. To the best of our knowledge, we 
have performed this study for the first time with the sub-
fractions of SPE.

Organoleptic evaluation

Organoleptic (sensory) evaluation helps in the identification 
of crude natural or herbal drugs. Physical and morphological 
evaluation provides easy, quick, and valuable information on 
crude drugs’ characteristics and recognition (Selvam 2015). 
The sub-fractions of SPE showed characteristic taste, odor, 
and mushy appearance. The color and texture of all the sub-
fractions are mentioned in Table 1.

Preliminary phytochemical screening

In the current study, phytochemical screening of sub-
fractions of SPE was performed with different reagents, 
and a comparison was made. The results observed were 
summarized in Table 2. These results demonstrated that 

phytochemicals like carbohydrates, flavonoids, alkaloids, 
glycosides, cardiac glycosides, and phenols were present 
in all the sub-fractions whereas tannins, terpenoids, phlo-
batannins, and coumarins were present in few. Additionally, 
the saponins were not observed in any of the extracts. The 
results of phytochemical tests confirmed that the petals of 
saffron are rich in various bioactive compounds such as fla-
vonoids, alkaloids, glycosides, phenols, steroids, and essen-
tial oil contents. The presence of various phytochemicals 
was noticed qualitatively in all five different extracts, and 
the maximum number of phytochemicals was identified in 
the n-butanol extract.

Table 1   Organoleptic 
characteristics of sub-fractions 
of SPE

S. No. Sub-fraction Organoleptic properties

Appearance Color Taste Odor Texture

1 n-Hexane Mushy Pale yellow Characteristic Characteristic Sticky
2 Chloroform Mushy Dark brown Characteristic Characteristic Sticky
3 Butanol Mushy Brown Characteristic Characteristic Sticky
4 Ethyl acetate Mushy Mustard Characteristic Characteristic Sticky
5 Aqueous Mushy Purple Characteristic Characteristic Gritty

Table 2   Screening the presence 
of secondary metabolites in 
different sub-fractions of SPE

S. No. Phytochemical Sub-fractions

n-Hexane n-Butanol Ethyl acetate Chloroform Aqueous

1 Carbohydrates  +   +   +   +   + 
2 Tannins  +  −  +   +  −
3 Saponins − − − − −
4 Flavonoids  +   +   +   +   + 
5 Alkaloids −  +   +  − −
6 Quinones −  +   +   +  −
7 Glycosides  +   +   +   +   + 
8 Cardiac glycosides  +   +   +   +   + 
9 Terpenoids −  +   +  − −
10 Phenols  +   +   +   +   + 
11 Coumarin − − − − −
12 Steroids −  +   +   +  −
13 Phlobatannins −  +  −  +  −
14 Anthraquinones − − − − −

Table 3   Anti-oxidant potential analysis of various sub-fractions of 
SPE

Components Total phenolic 
content (mg GAE eq./
mg EW)

Total flavonoid content 
(mg kaempferol eq./
mg EW)

n-Hexane extract 40.8 ± 0.7 7.6 ± 0.33
Chloroform extract 44.1 ± 0.85 10.5 ± 0.25
n-Butanol extract 60.83 ± 0.63 23.3 ± 0.42
Ethyl acetate extract 45.2 ± 0.88 19.9 ± 0.39
Aqueous extract 28.9 ± 0.46 5.0 ± 0.15
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Fluorescence analysis

Fluorescence analysis is also an important parameter for 
standardizing plant extracts. Every compound has its own 
specific color of fluorescence. But, if the components do not 
produce fluorescence, they should be treated with different 
chemical reagents to achieve it (Majid et al. 2016). Each 
sub-fraction of SPE exhibited a characteristic fluorescence 
after treatment with various chemicals. Similar experiments 
were performed by Govindarajan and team on the Trikatu 
Churna, where they subjected it to pharmacognostic and 
phytochemical evaluation (Govindarajan et al. 2016). Fluo-
rescence analysis of the sub-fractions of SPE with different 
chemical reagents showed variation in colors (Supplemen-
tary Table 2).

Total phenolic and flavonoid content

Phenolic compounds are the secondary metabolites consist-
ing of the hydroxyl group responsible for scavenging free 
radicals. Flavonoids are considered highly effective scav-
engers of most oxidizing molecules, including singlet oxy-
gen, and various free radicals. Plant parts which are rich in 

phenols and flavonoids are quite popular in the food indus-
try because they retard the oxidative degradation of lipids 
and thus enhance the nutritional value of food. (Serra et al. 
2021). The total phenolic and flavonoid content (TPC and 
TFC) in the sub-fractions of SPE is presented in Table 3. In 
the tested sub-fractions, the amount of phenols varied from 
28.9 to 60.8 mg GAE eq./mg EW. The n-butanol sub-fraction 
was found to show the highest phenolic level (60.8 mg GAE 
eq./mg EW) whereas the aqueous extract of saffron petals 
showed the lowest phenolic content (28.9 mg GAE eq./mg 
EW). The compounds showed a similar pattern of results 
when tested for flavonoid content. The n-butanol sub-frac-
tion showed the highest flavonoid content (23.3 mg kaemp-
ferol eq./mg EW) whereas the aqueous fraction showed the 
lowest flavonoid content (5.0 mg kaempferol eq./mg EW) 
(Table 3). Similar results were seen in D. ramosissimum 
and Butea monosperma flower, where the n-butanol frac-
tion showed the highest level of total phenolic and flavonoid 
content (Ezealigo et al. 2020; Subramaniyan et al. 2016). 
Jing et al. 2015 also showed high phenol and flavonoid con-
tent and high anti-oxidant potential of the n-butanol frac-
tion of Rhododendron anthopogonoides. In another study 
(Lachguer et al. 2022), the stamens and petals (saffron flower 
byproducts) were extracted with different solvents, and the 
diethyl ether fraction performed better than butanol in terms 
of polyphenol and flavonoid content. It might be because of 
the presence of stamens in the study material, which is dif-
ferent from our research, consisting only of saffron petals.

Total soluble sugar estimation

The total carbohydrate content of the sub-fractions was 
evaluated using the phenol–sulphuric method. The results 
demonstrated that the n-butanol fraction showed maximum 
absorbance (2.9283) at 5 µg/ml whereas the aqueous sub-
fraction had the lowest absorbance (0.1048) at the same 
concentration. These findings suggested that n-butanol 

Table 4   Absorbance recorded for estimating the sugar content in vari-
ous sub-fractions of SPE

S. No. Sub-fractions Absorbance recorded at 
490 nm

1 n-Butanol 1.5290 2.9283
2 n-Hexane 0.1621 0.1926
3 Chloroform 0.6728 0.8167
4 Ethyl acetate 1.1419 1.1932
5 Aqueous 0.0997 0.1048

Fig. 2   The percentage radical 
scavenging activity of various 
sub-fractions of SPE as assessed 
by DPPH assay at 517 nm. 
A dose-dependent effect was 
observed in all sub-fractions 
of SPE. The butanol extract 
showed the best activity among 
all the fractions tested. SHE 
Saffron hexane extract, SCE 
Saffron chloroform extract, SEE 
Saffron ethyl acetate extract, 
SBE Saffron butanol extract, 
SAE Saffron aqueous extract
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sub-fraction contains the maximum sugar content. The 
absorbance of the sub-fractions of SPE is listed in Table 4.

DPPH free radical scavenging activity

DPPH solution helps in evaluating the electron-donating 
ability of natural products. These herbal compounds works 
by decolorizing the DPPH solution as the change in color 
depicts their anti-oxidant activity. In the current study, differ-
ent sub-fractions were evaluated for their anti-oxidant poten-
tial by the DPPH method at various concentrations (0.05, 
0.1, 0.25, 0.5 and 1 mg/ml). Ascorbic acid was used as a pos-
itive control. The n-butanol fraction showed 47% scavenging 
activity at a concentration of 0.25 mg/ml whereas ascorbic 
acid at the same concentration showed 79.5% scavenging. 
The n-butanol sub-fraction was observed to exhibit maxi-
mum scavenging activity among all the tested sub-fractions. 
The activity of the n-hexane fraction and ascorbic acid was 
comparable at a concentration of 1 mg/ml and 0.05 mg/ml, 
respectively. A similar pattern of results was observed for 
the remaining sub-fractions. The chloroform extract showed 
70% scavenging at 1 mg/ml whereas ascorbic acid showed 
74.2% scavenging at a concentration of 0.1 mg/ml. It was 
observed that the DPPH free radical scavenging activity of 
all the tested sub-fractions increased with an increase in con-
centration. Ethyl acetate fraction showed a linear increase in 
scavenging activity with concentration and exhibited 56.4% 
scavenging at 0.5 mg/ml. The aqueous extract was the least 
active among all the tested sub-fractions as shown in Fig. 2.

FRAP assay

The ferric-reducing anti-oxidant power assay measures the 
anti-oxidant ability to reduce Fe3+ to Fe2+ ions. The reduc-
ing ability of all the tested components was analyzed by 
plotting a graph between the concentrations v/s absorbance. 
An increase in absorbance is directly proportional to the 
anti-oxidant activity of the tested components. The results 
demonstrated that sub-fractions of SPE possess anti-oxidant 

potential but n-butanol extract showed the highest reducing 
capacity among all the tested sub-fractions (Fig. 3).

In vitro α‑amylase inhibitory assay

The hepatic α-amylase is a key enzyme responsible for the 
digestion of starch and carbohydrates that causes blood 
glucose to rise (Peyrot et al. 2016). Due to elevated levels 
of blood glucose, the adipose tissues in the liver produce 
inflammation, liver cirrhosis, fibrosis and further contribute 
to hepatocarcinogenesis (Sun and Karin 2012). The inhibi-
tion of this enzyme is recommended as a strategy to treat 
obesity and associated diseases including cancer. In the pre-
sent study, we evaluated the effect of sub-fractions of SPE on 
the inhibition of α-amylase. The result demonstrated that the 

Fig. 3   The ferric ion reducing 
potential of various sub-frac-
tions of SPE as evaluated by 
FRAP assay at 700 nm. A dose-
dependent effect was observed 
in all sub-fractions of SPE. The 
butanol extract showed the best 
activity among all the fractions 
tested. SHE Saffron hexane 
extract, SCE Saffron chloro-
form extract, SEE Saffron ethyl 
acetate extract, SBE Saffron 
butanol extract, SAE Saffron 
aqueous extract

Fig. 4   Inhibitory effects of different sub-fractions of SPE and Acar-
bose (standard) at 10 mg/ml concentration against α-amylase enzyme. 
The n-butanol fraction showed the best enzymatic percentage inhibi-
tion among all the compounds tested including standard. *P < 0.05, 
**P < 0.01, and ***P < 0.001 compared with the standard. All data 
are representative of 3 independent experiments (Mean ± SD). SHE 
Saffron hexane extract, SCE Saffron chloroform extract, SEE Saffron 
ethyl acetate extract, SBE Saffron butanol extract, SAE Saffron aque-
ous extract
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n-butanol fraction showed the highest inhibitory enzymatic 
activity (92.5%) whereas the aqueous sub-fraction showed 
the lowest percentage inhibition (13.9%). Additionally, 
the standard drug acarbose showed a percent inhibition of 
84.2%. The percentage inhibition of each sub-fractions of 
SPE is shown in Fig. 4.

In vitro pancreatic lipase inhibitory assay

Pancreatic lipase is an enzyme secreted by the pancreas that 
contributes in the digestion of dietary triglycerides (Paul 
et al. 2022). It has been documented that higher levels of 
triglycerides are associated with liver cancer (Kim et al. 
2016). Therefore, in the present study, we investigated 
the inhibitory effect of the different sub-fractions of SPE 
on the pancreatic lipase enzyme. The results showed that 
the n-butanol fraction inhibited the lipase activity by 78% 
whereas the aqueous sub-fraction appeared to possess weak 
inhibition power as the inhibitory percentage was found to 
be 22%. The percentage inhibition of the remaining sub-frac-
tions i.e., chloroform, n-hexane and ethyl acetate was 49%, 
38% and 36%, respectively. The n-butanol fraction showed 
better inhibitory potential than orlistat which was 74.1% 
as depicted in Fig. 5. Other researchers have also shown 
inhibitory lipase activity by the extract of Ephedra altissima 
(Bouafia et al. 2022), Monotheca buxifolia (Ali et al. 2022), 
fermented and non-fermented oats (Cai et al. 2012).

Fig. 5   Inhibitory effect of different sub-fractions of SPE and Orl-
istat (standard drug) against pancreatic lipase enzyme. The n-butanol 
fraction exerted a maximum inhibitory effect on the lipase enzyme 
whereas the aqueous sub-fraction appeared to show weak inhibi-
tion. *P < 0.05, **P < 0.01 and ***P < 0.001 compared with the 
standard. All data are representative of 3 independent experiments 
(Mean ± SD). SHE Saffron hexane extract, SCE Saffron chloro-
form extract, SEE Saffron ethyl acetate extract, SBE Saffron butanol 
extract, SAE Saffron aqueous extract

Fig. 6   Effect of different sub-
fractions on the viability of 
liver cancer cells. Huh-7 cells 
were incubated with different 
concentrations (400–3200 µg/
ml) of sub-fractions at 24 h. a 
Sub-fractions of SPE exerted an 
inhibitory effect on the viability 
of Huh-7 cells, measured 
by MTT assay, b Bar graph 
showing the IC50 values of the 
different sub-fractions of SPE. 
All data are representative of 3 
independent experiments. SHE 
Saffron hexane extract, SCE 
Saffron chloroform extract, SEE 
Saffron ethyl acetate extract, 
SBE Saffron butanol extract, 
SAE Saffron aqueous extract
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Cytotoxic potential of sub‑fractions of SPE

An effective anti-cancer therapy should kill the tumor cells 
without affecting the healthy ones. In this study, the IC50 
value of sub-fractions of SPE was evaluated using MTT 
assay. Huh-7 cells were treated with different concentra-
tions (400–3200 µg/ml) of each sub-fraction for 24 h to 
assess their effect on cancer cell growth. A significant 
dose-dependent reduction was observed in the viability of 
liver cancer cells as compared to the vehicle-treated cells. 
The IC50 values observed are shown in Fig. 6 and Table 5. 
Among all the sub-fractions tested, the lowest IC50 value was 
observed for the n-butanol extract of SPE, indicating a better 
cytotoxic profile. As, anti-cancer activity is also mediated 
by the anti-oxidant potential of herbal drugs, we can further 
confirm that the n-butanol fraction of SPE contains the most 
promising phytoconstituents responsible for its medicinal 
properties.

Conclusions

The current research compared various sub-fractions of 
SPE based on their physicochemical parameters and anti-
oxidant potential. It was found that n-butanol extract con-
tained the maximum number of phytochemicals and the 
highest phenolic and flavonoid content indicating its anti-
oxidant potential. Additionally, it showed the best cytotoxic 
activity against liver cancer cells among all the compounds 
tested. Therefore, the n-butanol sub-fraction of SPE could 
be seen as a potential candidate in the management of vari-
ous diseases including cancer. In order to further investigate 
the molecular mechanism behind the anti-cancer and anti-
obesity potential of the extract, the identification of phyto-
constituents should be carried out through various chemical 
identification techniques like MS, HPLC and FTIR.
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