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Abstract 
Background: The rhizome of Zingiber officinale or ginger 

shows its potential against oxidative stress, microbial 

infections, and managing diabetes mellitus. Method: 

Chemical reagents and plant materials of analytical grade 

were procured. Aqueous extract of Zingiber officinale 

rhizome was prepared through maceration. FT-IR, heavy 

metal detection, UV-VIS spectroscopy, and carbohydrate 

estimation were performed. Antimicrobial activity against 

bacterial and fungal strains was evaluated using agar 

diffusion method. Total polyphenol, flavonoid, and 

flavonol contents were quantified. Antioxidant activity 

was assessed using DPPH, reducing power, and FRAP 

assays. Antidiabetic activity was determined by α-amylase 

and α-glucosidase inhibition. Cytotoxicity, glucose 

uptake, and antiglycation assays were conducted on L6 

cells. Blood compatibility was tested on human RBCs. 

Results: The analysis showed total phenolic content (TPC) 

at 27.9±0.27 mg/g GAE, total flavonoid content (TFC) at 

18.4 mg/g QE, and total flavonol content (TFolC) at 41.1±4 

mg/g QE. The extract demonstrated potent antioxidant  
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

activity with IC50 values of 353 µg/mL (DPPH), 600 µg/mL 

(H2O2 scavenging), and displayed antidiabetic effects 

inhibiting α-amylase (IC50=1564.43 µg/mL) and α-

glucosidase (IC50=581.4 µg/mL). Cytotoxicity assays with 

an IC50 of 533.3 µg/mL (NRU assay) and highest glucose 

uptake at 254.74±62.79 µg/mL (L6 cells). The extract 

showed minimal hemolytic activity (-0.305±0.031%) and 

high cell viability, (99%) on Raw 264.7 a healthy cell line. In 
silico docking revealed strong interactions between 

AZOME’s phytocompounds with targeted proteins (1b2y, 

3top, & 7wsm). Conclusion: In conclusion, the aqueous 

extract of Zingiber officinale rhizome exhibits diverse 

pharmacological activities including antioxidant, 

antimicrobial, antidiabetic, and antiglycation properties, 

along with notable bio-safety and cytotoxicity profiles. 
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Introduction 

Plants have been integral to traditional medicine since ancient 
times. Zingiber officinale rhizome (ZOME) has been extensively 
utilized for its biological activities (Ali and Gilani, 2007), with a 
history spanning over 1500 years in systems such as Unani, 
Ayurveda, Siddha, and Chinese medicine (Upadhyay et al., 2024).  
  
 
 
 
 
 
 
 
 
 

Significance | This study determined the therapeutic potential of 
Aqueous Zingiber officinale rhizome extract (AZOME) in combating 
oxidative stress, microbial infections, diabetes, and glycation-related 
complications. 
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ZOME harbors diverse phytoconstituents like shogaol, zingiberene, 
paradol, flavonoids, and gingerol, renowned for their antioxidant 
properties (Ali et al., 2008; Sivasothy et al., 2011; Nguyen et al. 
2019). These bioactive compounds combat oxidative stress by 
neutralizing reactive oxygen species, thereby safeguarding cells and 
tissues from damage (Salehi et al., 2018; Huyut et al., 2017). Studies 
highlight ZOME's efficacy in reducing oxidative stress and 
countering infectious diseases, attributed to its rich phytochemical 
composition, including monoterpenoids, alcohols, and phenolic 
compounds (Eid et al., 2017). This underscores its potential as an 
antimicrobial agent and alternative therapeutic option against 
synthetic drugs (Beristain-Bauza et al., 2019). ;   
Diabetes mellitus (DM) is a complex disorder affecting 
carbohydrate metabolism, leading to elevated glucose levels and 
subsequent damage to vital organs (Banday et al., 2020; Husen, 
2023). Plant-derived phytoconstituents offer promising relief from 
diabetes-related complications, with phytomedicines presenting 
advantages over conventional drugs (Mohammadinejad et al., 
2019). Key enzymes involved in carbohydrate breakdown, α-
amylase, and α-glucosidase, were targeted to mitigate postprandial 
glucose spikes (Papoutsis et al., 2021). Diabetes also consists of the 
formation of advanced glycation end products (AGEs), 
exacerbating complications (Rhee and Kim, 2018; Nabi et al., 2019). 
Zingiber officinale rhizome (ZOME) is a recognized medicinal herb, 
although excessive use may lead to gastrointestinal discomfort 
(Yousfi et al., 2021).  
The in silico method is increasingly employed in drug design, 
facilitating targeted therapy development cost-effectively and 
timelessly. Phytochemicals from medicinal plants targeting key 
anti-diabetic proteins like α-amylase and α-glucosidase, offer 
potential in lowering blood sugar levels (Jiang et al., 2020). This 
study explores the therapeutic potential of Aqueous Zingiber 
officinale rhizome (AZOME) extract in mitigating oxidative stress-
related ailments, acting as an antioxidant and antimicrobial agent. 
Additionally, it addresses its role in managing diabetes mellitus and 
combating secondary complications through antiglycation 
properties. Computational analysis aids in identifying AZOME's 
impact on antidiabetic proteins (Jiang et al., 2020). 
 
Materials and Methods 
Chemical reagents and solvents 
All the reagents and chemicals were of analytical grade. Mayer’s 
reagent (Himedia), Sulphuric acid (Himedia), Lead (II) acetate 
trihydrate (Himedia), Ninhydrin solution (Himedia), Fehling A 
and B solution (Himedia). Standard drugs Gentamycin (Himedia), 
Ampicillin (Himedia), Chloramphenicol (Himedia), Ciprofloxacin 
(Himedia), Norfloxacin (Himedia), Nystatin (Himedia), 
Griseofulvin (Himedia), Muller Hinton agar media (Himedia), 
DMSO (Himedia), Potato dextrose agar media (Himedia), 

anthrone reagent (Himedia), Neutral red (3-amino-7-
dimethylamino-2-methyl-phenazine hydrochloride) (Himedia), 
Glacial acetic acid (Merck), Ascorbic acid (Himedia), DPPH 
(Himedia), ABTS (2,2-Azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (Himedia), Quercetin (Himedia), Gallic acid 
(Himedia), Ferric chloride (Himedia), Aluminum chloride 
(Merck), Trichloroacetic acid (Himedia), Congo red (Himedia), 
Folin & Ciocalteu’s phenol reagent (Himedia), Aminoguanidine 
hydrochloride (Sigma Aldrich) alpha-amylase (Himedia), alpha-
glucosidase (Himedia), Sodium carbonate (Himedia), 2-Deoxy-D-
glucose (Sigma-Aldrich, USA), Metformin hydrochloride (Sigma 
Aldrich)), Starch (Sigma-Aldrich, USA). All the chemicals and 
reagents used in the experimental work were of analytical grade. 
Plant material 
The Zingiber officinale rhizome (ginger) was procured from the 
local market Wagodia near Parul University, Vadodara, Gujarat, 
India. The recognition and validation of the Ginger rhizome was 
done by the Raw Drug Authentication Committee of Parul Institute 
of Ayurveda, Parul University. The certificate number: 
PU/PIA/DG-Certi-222-1 was allotted for the submitted specimen 
and matched with the preserved specimen reference number: 
PASM/PIA/DG/B-O/31. 
Preparation of Aqueous Zingiber officinale rhizome (AZOME) 
extract 
The AZOME extract was prepared using a maceration process as 
previously done (Hafeez et al. 2023). In brief, Zingiber officinale 
rhizome was dried and powdered. 2 grams of dried powder was 
macerated overnight on a rotatory shaker using distilled water as a 
solvent in a 1:20 ratio. Afterward filtered with Whatman filter paper 
No.1, the solvent evaporated in the hot air oven as shown in (Figure 
1), and then the extract was stored at -20°C for further use. 
Chemical Characterization 
FT-IR Analysis 
The existence of organic and inorganic components in a sample can 
be determined using Fourier Transform Infrared Spectroscopy (FT-
IR). The specific chemical groups present in the sample can be 
determined using spectrum data in automated spectroscopic 
software . The AZOME extract’s FT-IR analysis was done on the 
Bruker ALPHA II compact FT-IR spectrometer using 22 scans from 
3500 to 500 cm−1 using the OPUS software (Sahoo and 
Umashankara 2023).  
Heavy metal detection 
Heavy metal analysis was determined according to the mentioned 
protocol by (Kusse Gudishe Goroya et al. 2019) using a flame 
atomic absorption spectrophotometer (FAAS). In brief, the sample 
was prepared using the wet acid digestion method and further 
analyzed through an Atomic Absorption Spectrophotometer; 
Model- AA 7000F (Japan).  
UV-VIS Spectroscopy 
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The UV-VIS spectroscopy analysis was performed for the presence 
of characteristic absorption peak of phytochemical “Gingerol” in 
the Zinger officinale rhizome (ZOME) extract using a multi-mode 
microplate reader (synergy H1, BioTek, USA) as per the previously 
described protocol with slight modification (Saraf 2012). In brief, 
the sample was prepared at 1 mg/mL in distilled water, and a 
triplicate (n=3) manner spectrophotometrically spectrum was 
taken at a wavelength of 200-800 nm. 
Carbohydrates estimation: Anthrone test 
The Anthrone test is a simple method for the quantitative 
estimation of carbohydrates in different classes of samples like plant 
extracts, milk, blood serum, etc. The test was performed according 
to the mentioned protocol (Richards et al. 2020) with slight 
modifications. In brief, glucose stock solution (1 mg/ml) was 
prepared, and further diluted tenfold, glucose concentrations (200-
1000 µg/mL) including an unknown sample (AZOME) extract. 
Freshly, prepared (0.2%) anthrone reagent in Sulphuric acid of 
which 3 mL was added to each test tube. Tubes were kept at a 
temperature of 90°C for 10 min in a water bath. Meanwhile, the 
carbohydrate gets reacted with concentrated Sulphuric acid to form 
furfural. Then furfural reacts with the anthrone reagent to give 
different shades of bluish-green complex solutions. The absorbance 
was taken at 630 nm of all samples spectrophotometrically on a 
multi-mode microplate reader (synergy H1, BioTek, USA). 
Antimicrobial Assay 
The antimicrobial susceptibility of ZOME aqueous extract was 
done against the selected microbial pathogen strains such as 
(MTCC 443) Escherichia coli (G-), (MTCC 1688) Pseudomonas 
aeruginosa (G-), (MTCC 96) Staphylococcus aureus (G+), (MTCC 
442) Streptococcus pyogenes (G+) and fungus- (MTCC 227) Candida 
albicans (G+), (MTCC 282) Aspergillus niger (G+), Aspergillus 
clavatus (G+). 
 Antimicrobial standard drugs 
Gentamycin, Ampicillin, Chloramphenicol, Ciprofloxacin, and 
Norfloxacin for antibacterial activity, and Nystatin and griseofulvin 
for antifungal activity.  
Antibacterial and antifungal susceptibility 
The antibacterial and antifungal investigations of AZOME extract 
were determined previously mentioned protocol (Nariya et al. 
2011). The agar diffusion method was applied for the antibacterial 
and antifungal activity of the AZOME extract. Sterile Muller 
Hinton agar media (Himedia) was created in Petri dishes. 
Separately, the bacteria (1x 108 bacteria/ml) were inoculated. in the 
media. Four wells in each petri dish (diameter 6 mm) were prepared 
in an aseptic environment. Aqueous ZOME extracts (5 µg/ml to 500 
µg/ml) in various concentrations dissolved in DMSO. The same 
protocol was applied in the case of a standard drug. All of the dishes 
were incubated at the same time for 24 h at 37°C.  

For the evaluation of antifungal susceptibility, in a petri dish potato 
dextrose agar media wasprepared . Afterward, fungus spores (1x 106 

spores/ml) were inoculated in media and four wells with a 6 mm 
diameter were made under a sterile environment. The various 
concentration of ginger extracts (5 µg/ml to 500 µg/ml) was poured 
into these wells with DMSO as a blank. Afterward, all the Petri 
dishes were incubated at 37° C for seven days under aseptic 
conditions. The media was observed for the zone of inhibition by 
the various concentrations of extracts in respective wells. The zone 
of inhibition was measured with Vernier Caliper's help in a 
millimeter (mm) unit. 
Preliminary Phytochemical Screening: Qualitative 
The qualitative screening of phytochemicals such as alkaloids, 
steroids, flavonoids, terpenoids, saponins, phenol, amino acids, and 
reducing sugar was carried out using the previously mentioned 
protocol (Gohel et al. 2021). 
Phytochemical Screening: Quantitative  
Estimation of Total Polyphenol Content (TPC) 
Total polyphenolic content was determined using the protocol 
mentioned (Fernandes et al. 2016). 1 mg/ml AZOME extract 
solution (100 µL) was mixed with 500 µL of 10% v/v Folin-
Ciocalteau reagent (FCR), then mixed thoroughly on vortex and 
incubated for 2 minutes at room temperature. Afterward, 400 µL of 
7.5% sodium carbonate was added and incubated for 15 minutes at 
50º C. Then cooling to room temperature, a blue color was 
developed and absorbance was taken at 760 nm 
spectrophotometrically on a multi-mode microplate reader 
(synergy H1, BioTek, USA). Quantification of the total phenolic 
content was done by using a gallic acid (Hi-Media, Mumbai, India) 
standard curve taking in varying concentrations (50-250 µg/mL), 
and the result was expressed as gallic acid equivalents (GAE), 
milligrams per gram of dry weight (dw) as per the following 
formula: TPC (mg/g GAE) = C* V/M 
Were, TPC is the mg/g of extract in gallic acid equivalent (GAE), 
“C” is the concentration of gallic acid from the calibration curve, 
“V” is the volume of extract in mL, while “M” is the dry weight (gm) 
of the raw material from which the extract was obtained.  
Total Flavonoid Content (TFC) 
The extract’s flavonoid content presence was determined through 
the method adopted by (Oyedemi et al. 2012) with slight 
modification. Briefly, 1 mL solution of 2% w/v AlCl3 in 100% 
methanol was added to the 1 mL of the sample solution and 
incubated for 1 hour at room temperature. After incubation 
appearance of a yellow color, formation took place, and absorbance 
was taken at wavelength 510 nm spectrophotometrically on a multi-
mode microplate reader (synergy H1, BioTek, USA). Quantification 
of the total flavonoid content was done by using quercetin (purity 
≥98%, Sigma–Aldrich, St. Louis, MO, USA) standard curve taken 
in varying concentrations (50-400 µg/mL) and the result was 
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expressed as mg/g of quercetin equivalent (QE) as per the following 
formula: TFC (mg/g QE) = C* V/M 
Were, TFC is the mg/g of extract in quercetin (QE); “C” is the 
concentration of quercetin from the calibration curve; “V” is the 
volume of extract, mL; while “M” is the dry weight (gm) of the raw 
material from which the extract was obtained. 
Total Flavonols content (TFolC) 
Quercetin was used as a reference standard for the evaluation of 
total flavonols content in the AZOME extract with sight 
modification as previously described method (Al-Mustafa et al. 
2021). In brief 0.5 mL of sample/standard with different dilutions 
mixed with 1.5 mL of sodium acetate (50 mg/mL) and 0.5 mL of 
AlCl3 (20 mg/mL) were combined. The reaction mixture 
absorbance was measured at 440 nm after the 2.5 h incubation and 
the reading was taken spectrophotometrically on a multi-mode 
microplate reader (synergy H1, BioTek, USA). Determinations 
were made in triplicate and the result was computed using the 
calibration curve produced from the quercetin.  
Antioxidant Activity 
Determination of total antioxidant activity: DPPH Assay 
Any compound's anti-oxidant capacity can be assessed based on 
how well it scavenges the stable 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) free radical. The assay was performed according to the 
mentioned protocol (Alsahli et al. 2021) with slight modifications. 
In brief, the stock solution of extract was prepared in distilled water 
and a series of different concentrations (50-500 µg/mL) were taken. 
In which a 3 ml solution of DPPH (0.1 mM) in methanol was mixed 
with various dilutions of AZOME extract. Standard ascorbic acid 
was used as a positive control, DPPH-methanol solution without 
extract as a negative control, and only methanol was used as a blank. 
The mixture was kept in the dark for 30 minutes at room 
temperature and absorbance was taken at 517 nm on a UV-visible 
spectrophotometer (UV-1900i, Shimadzu, Japan). The free radical 
scavenging activity (FRSA) percentage was calculated with the 
mentioned equation. 
% FRSA = Abs. of Control – Abs. of Sample × 100 
                                      Abs. of Control 
Determination of Antioxidant capacity: Reducing Power Assay 
(RPA) 
The ferric ion (Fe+3) to ferrous ion (Fe+2) reducing the power of the 
AZOME extract was performed according to the method described 
by (Oyedemi et al. 2017) with slight modification. In brief, different 
aliquots (50-500 µg/mL) were made from the stock solution of 
AZOME extract prepared in distilled water. To it 2.5 mL of 
Phosphate buffer (0.2 M, pH=6.6), and 2.5 mL of 1% Potassium 
ferrocyanide [K4 Fe (CN)6], then the reaction mixture is thoroughly 
mixed and covered with aluminum foil, incubated at 50º C for 20 
minutes on a water bath. Afterward, 2.5 mL of Trichloroacetic acid 
(TCA), 10% (w/v) was added to each tube and centrifuge (Thermo 

Scientific Sorvall ST8R, USA) the solution at 3000 rpm, 5-6 minutes 
at 4º C. After centrifugation take the upper layer (2.5 mL) and add 
2.5 mL of distilled water and mix properly. To this 0.5 mL (500 µL) 
of FeCl3 (0.1 % w/v) was also added a bluish-colored solution was 
formed and absorbance was taken at 700 nm wavelength on a UV-
visible spectrophotometer (UV-1900i, Shimadzu, Japan) and 
subsequently, ascorbic acid was used as a positive control and 
distilled water as a blank.  
Determination of Ferric Reducing Antioxidant Power (FRAP) 
The FRAP assay was performed according to the previously 
described method (Khan et al. 2022) to reduce the potential of 
aqueous ZOME by ferric ions with minor modifications. Different 
concentrations of AZOME extract (50-500 μg/mL) along with 
standard ascorbic acid, 100 μL added with the 3 mL FRAP reagent 
i.e., composed of 300 mM sodium acetate buffer (pH= 3.6), 10 mM 
TPTZ (2,4,6- Tri(2-pyridyl)-s-triazine solution), and 20 mM FeCl3 
in the ratio of 10:1:1 respectively. The mixture was incubated at 
37°C for 30 min and reading was taken at 593 nm on a multi-mode 
microplate reader (synergy H1, BioTek, USA). At the same time, the 
results were expressed as μM Fe (II)/mg dry ZOME.  
Hydrogen Peroxide (H2O2) Scavenging Activity 
The ability of the AZOME extract to reduce the H2O2 and have 
antioxidant potential was investigated according to the lightly 
modified method of (Twereen et al. 2021). In short, the extract was 
taken in different concentrations (50-600 µg/mL) and suspended in 
phosphate buffer. A 43 mM hydrogen peroxide solution was 
prepared in phosphate buffer (0.1 M, pH 7.4). Different aliquots of 
extract were taken in the umber color falcon tube due to light 
sensitivity; the reaction should be performed in dark conditions. 
Then 3.4 mL of phosphate buffer (0.1 M) was added to each tube 
and 0.6 mL (600 µL) of 43 mM of hydrogen peroxide solution was 
also added, and the whole mixture was thoroughly mixed using a 
Digital vortex mixer (Thermo Scientific, USA). The absorbance of 
the solution was taken on a UV-visible spectrophotometer (UV-
1900i, Shimadzu, Japan) at wavelength 230 nm after the incubation 
of 10-15 minutes at room temperature. A standard ascorbic acid 
was taken, phosphate buffer as a blank, and hydrogen peroxide 
solution (without extract) as a control was taken. The percentage of 
hydrogen peroxide scavenging activity was calculated using the 
following equation.  
% Scavenged [H2O2] = Abs. of Control – Abs. of Sample × 100 
                                                         Abs. of Control 
ABTS Assay 
The antioxidant activity of AZOME extract was also found by using 
the 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 
radical scavenging activity as previously done by (Jung et al. 2022) 
with slight modification. In brief, the ABTS+ radical solution was 
prepared by mixing 2.4 mM potassium persulphate and 7 mM 
ABTS solution in equal volumes and keeping them in the dark at 
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room temperature (25°C) to react with each other for 24 h. 
Afterward, the ABTS+ solution was diluted with distilled water to 
get absorbance in the range of 0.7±0.01 units at wavelength 650 nm. 
AZOME extract (20 μL each) at different dilutions (50-500 μg/mL) 
was reacted with ABTS+ solution (80 μL) in a 96-well plate and 
incubated for 4 min at room temperature. Then, the absorbance 
(λ=650 nm) was measured using a multi-mode microplate reader 
(synergy H1, BioTek, USA). A standard ascorbic acid was taken, 
distilled water as a blank, and ABTS+ solution was taken as control. 
ABTS radical scavenging assay was calculated using the following 
formula. 
ABTS radical scavenging assay (%) = [1- (Abs.Sample – Abs.Blank) / 
Abs.Control] x 100 
Antidiabetic Activity 
𝛼𝛼-Amylase Inhibitory Activity 
Alpha-amylase is an enzyme responsible for the breakdown of 
complex carbohydrates into simpler sugar moieties such as glucose. 
Inhibition of this enzyme can be beneficial for combating diseases 
such as metabolic disorders, obesity, and diabetes. We adopted the 
most acceptable procedure (Visvanathan et al. 2016), with a few 
minor modifications, to evaluate the AZOME extract performance 
in the 𝛼𝛼-Amylase inhibition experiment. In brief, we used a 96-well 
microplate in which enzyme solution 10 μL (20 mg/mL) was poured 
into each desired well. Samples dilutions (0-1000 μg/mL) were 
incubated for 10 min. Then 50 μL of the substrate (0.1 %) soluble 
starch was dissolved in PBS, the mixture was kept incubated for 15 
min. Afterward, finally, 100 μL GOD-POD (glucose oxidase-
peroxidase) reagent was added to the mixture and then incubated 
for another 10 min incubation at 37°C. Then, following the 
incubation absorbance was taken at 490 nm using a microplate 
reader (iMark; Bio-Rad, Germany). The inhibitor metformin was 
utilized as a positive control at a maximum concentration of 500 
μg/ml. 
Inhibition (%) =[(Ac-As)/Ac] x 100 
Where, Ac = Absorbance of the control; As =Absorbance of the 
sample 
𝛼𝛼-Glucosidase Inhibitory Activity 
The 𝛼𝛼-Glucosidase enzyme plays a vital role in the small intestine 
by breaking down the disaccharides (such as maltose and sucrose) 
or complex carbohydrates into simple sugars (glucose) moiety 
(Warren et al. 2015). Inhibiting the action mechanism of 𝛼𝛼-
Glucosidase can be beneficial for the diabetic person to manage the 
blood glucose level. The AZOME extract was tested for the 
inhibitory activity towards 𝛼𝛼-Glucosidase enzyme as previously 
mentioned protocol by (Telagari and Hullatti 2015) with slight 
modifications. In concise, the reaction mixture of 50 μL of 
phosphate buffer (100 mM, pH=6.8), 10 μL of 𝛼𝛼-Glucosidase (1 
U/mL) enzyme, and 20 μL of AZOME extract concentration (0-
1000 μg/mL). Afterward, in the reaction mixture 20 μL of P-NPG 

(4-Nitrophenyl-β-D- glucopyranoside) substrate was added and 
incubated for 20 min at 37 °C. The reaction was halted using 50 μL 
sodium carbonate (Na2CO3) [0.1 M]. Spectrophotometrically using 
an ELISA Microplate (iMark Bio-Rad, Germany) reader at the 
wavelength (λ=405 nm), the release of p-nitrophenol was assessed. 
As a positive control, Acarbose (1 mg/mL) was utilized. The results 
will be computed using the described formula and presented as % 
inhibition. 
Inhibitory activity (%) = (1 − As/Ac) ×100 
Where (As) is the absorbance in the presence of the test substance 
and (Ac) is the absorbance of control. 
Cell culture maintenance 
The rat myoblast (L6) skeletal muscle cells were purchased from the 
cell Repository, NCCS, Pune, India, and were cultured in the 
standard DMEM (Dulbecco's Modified Eagle's Medium). In Steri-
Cycle® CO2 Incubators from Thermo Scientific, cells were incubated 
at 37°C with 5% CO2 and 10% FBS GibcoTM (Thermo Fisher 
Scientific), and 1% Antibiotic-Antimycotic solution was 
supplemented with the medium.  
Cytotoxicity: NRU Assay 
Cytotoxicity of the AZOME towards the L6 (myoblast) cell line was 
determined through neutral red uptake (NRU) assay as per the 
described method (Vajrabhaya and Korsuwannawong 2016) with 
slight modification. Cells were seeded in a 96-well plate with (5000-
8000) cell/well density for 24 h supplemented with DMEM medium 
(10% FBS and 1% antibiotic solution). The next day, old media was 
removed and a fresh medium was added to each plate. Different 
concentrations of AZOME extract (1-1000 μg/mL) of 5μL were 
added in a triplicate manner including control without any extract 
treatment. The plate was incubated for 24 h in a CO2 incubator at 
37°C with a 5% CO2 supply. Afterward, NRU (40 µg/ml in PBS) was 
added to the respective wells and incubated for 1 h. Following 
incubation, the medium was removed and added with 100 μL of 
NRU destain solution (EtOH/Glacial Acetic acid/Distilled water, 
50%/1%/49%) to dissolve NRU. Then the absorbance was taken on 
an ELISA Microplate (iMark Bio-Rad, Germany) reader at a 
wavelength (λ=550/660 nm). Cell viability percentage calculated 
using the mentioned formula: 
Cytotoxicity (%) = [(Control OD - Sample OD) / Control OD] x 
100 
In vitro Glucose Uptake Assay 
L6 cell lines were used as a model to investigate the glucose 
absorption by the muscle (skeletal) cells. The body's most prevalent 
tissue, skeletal muscle, is also the organ that uses postprandial 
glucose the most. The effect of the AZOME extract (133.32-533.3 
μg/mL) on muscle glucose uptake in rat myoblast skeletal muscle 
(L6) cells was determined using the mentioned protocol 
(Vishwanath et al. 2013) with slight modifications. L6 (rats’ 
myoblasts) cells were seeded in 24 well plates with a density of 8 x 
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104 cells in each well incubated with standard DMEM (Dulbecco's 
Modified Eagle's Medium) medium for 24 h. After incubation cells 
were washed twice with KRPH (Krebs-Ringer-phosphate-HEPES) 
buffer (20 mM HEPES, 1 mM CaCl2, 5 mM KH2PO4,136 mM NaCl, 
4.7 mM KCl, pH=7.4), and then poured with glucose-free DMEM 
medium for 1 h. Afterward, cells were incubated for 40 min in 
KRPH buffer having 2% (v/v) BSA (Bovine Serum Albumin) and 
for 20 min in the presence and absence of 10 mM 2-DG (2-
deoxyglucose). After washing the cells three times with PBS 
(Phosphate Buffer Saline) to remove the exogenous 2-DG, then 
sequentially lysed with the extraction buffer, frozen once and for 40 
min heated at 85°C to degrade the endogenous NADP 
(Nicotinamide Adenine Dinucleotide Phosphate), and further 
centrifuged at 500 rpm for 2 min at 4°C. 
After centrifugation the resulting supernatant was analyzed by 
GOD-POD (Glucose Oxidase-Peroxidase) Enzyme Assay Kit for 2-
DG6P (2-deoxyglucose-6-phosphate) content and 
spectrophotometrically absorbance at λ = 505 nm was taken on a 
microplate reader (iMark Bio-Rad, Germany). For the blank, lysates 
of cells not exposed to 2-DG were taken, and calculation was based 
on nanomoles (nmol) of 2-DG by comparing the data with standard 
i.e., 2-DG6P (2-Deoxy-d-glucose). Insulin (0.1 U/mL) was used as 
a positive control (PC) and Metformin (1mM) was used as a 
negative control (NC).  
Antiglycation Assays 
D-Ribose-induced in-vitro glycation of BSA 
To evaluate the inhibitory property of the AZOME extract towards 
the formation of formation of advanced glycation end products 
(AGEs) in vitro model was developed with slight modification as 
described by (Alvi et al. 2021). In vitro BSA glycation (antiglycation) 
assay was performed using model protein, BSA [0.5 mg/mL] 
(Bovine Serum Albumin), was incubated with the sugar [100 mM] 
(D-ribose, D-R), in the phosphate buffer saline [100 mM, pH=7.4, 
37°C] (PBS), and with sodium azide [0.05%] (NaN3) to avoid 
microbial growth in the mixture. The AZOME extract (2.5-100 
μg/mL) and reference antiglycation agent Aminoguanidine (AG) 
hydrochloride (2.5-100 μg/mL) were taken and then the mixture 
with and without taking AZOME and AG incubated for the period 
of 7-days at 37°C. The BSA-DR (Glycated-BSA) was used as 
glycation control, only BSA (native) as control. Afterward the 
fluorescence spectra at Excitation: 360 nm and Emission: 440 nm 
were taken on a multi-mode microplate reader (synergy H1, 
BioTek, USA). The AG and AZOME were dissolved in doubled 
distilled water (ddH2O). 
Protein Aggregation Assay 
In diabetic complications proteins from the usual fold form misfold 
leading to clump and enlarged structures called aggregates that 
interfere with normal cellular function. In brief human condition 
was simulated in in vitro condition using previously performed by 

(Nabi et al. 2018) with slight modification. In brief Glycated (Gly) 
means BSA (0.5 mg/mL) + D-R (D-ribose, 100 mM), BSA (0.5 
mg/mL, unmodified), and AZOME extract (2.5-100 μg/mL) and 
Aminoguanidine or AG (2.5-100 μg/mL) treated with glycated BSA 
(Gly-BSA) samples were taken. The Congo red (CR, 100 μM, 
pH=7.4, 100 μL) was added to 500 of the above-mentioned samples 
and incubated for 20 min, and absorbance (λ=400 nm-700 nm) was 
taken to detect the amyloid detection in the Gly-BSA samples on a 
multi-mode microplate reader (synergy H1, BioTek, USA). 
Hyperchromicity Investigation 
When the biomolecules (nucleic acid, protein) attach with the sugar 
(glucose) moiety in a non-enzymatic reaction forming glycation 
products. There is an increase in the absorbance of light in these 
biomolecules due to a change in structure or conformation and the 
phenomenon is known as hyperchromicity (Nabi et al. 2020). We 
analyzed the effect of the BSA absorption pattern upon glycation 
and antiglycation, the UV-spectral analysis (200-800 nm) for the 
unmodified (BSA) and modified (Gly-BSA) as previously done with 
slight modification (Ashraf et al. 2015)  for the period of 7 days. In 
brief, the native BSA (0.5 mg/mL) and glycated BSA (Gly-BSA): 
BSA (0.5 mg/mL) + D-ribose (100 mM) with and without the 
AZOME (2.5-100 μg/mL) extract/ Aminoguanidine (2.5-100 
μg/mL) standard drug were taken. The reading was taken at 280 nm 
at a multi-mode microplate reader (synergy H1, BioTek, USA) and 
results were expressed as % hyperchromicity using the following 
equation. 
% Hyperchromicity = [(Abs. of glycated sample-Abs. of native or 
Inhibitor-treated sample)/Abs. glycated sample] *100 
To test the Biosafe nature of AZOME extract 
Blood Compatibility Assay: AZOME against (Human) RBCs 
Hemolysis assay or blood compatibility assay performed to evaluate 
the side effects of AZOME extract on blood. The blood 
compatibility of AZOME extract towards the human RBCs was 
performed with the procedure described by (Slowing et al. 2009) 
with minor modifications. In brief, blood was taken in a sterile 
condition from a healthy individual with proper consent. The blood 
in the EDTA vial was centrifuged (1500 rpm, 5 min, 4°C) to extract 
erythrocytes (RBCs) and serum was removed. Afterward, the RBC 
pellet was washed (3X), thrice with sterile NaCl (0.9%) solution, and 
at last same amount of NaCl solution was added. AZOME extract 
(40-120 μg/mL) concentration by our previous publication (Hasan 
Mujahid et al. 2023) for in vitro anticancer work was taken. Then 
RBC suspension (300 μL) was mixed with each AZOME extract. 
Positive Control (PC) and Negative Control (NC) were made by 
adding 300 μL of blood suspension to 1 mL of double distilled water 
(ddw) or Triton-X 100 (0.1%) and 0.9% NaCl solution respectively. 
After incubation (2 h) the samples were centrifuged (9000 rpm, 5 
min, 4°C) to get a settled RBC pellet. The absorbance of the 
supernatant at λ=540 nm was measured using a multi-mode 
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microplate reader (synergy H1, BioTek, USA) that is directly 
associated with the amount of hemoglobin released and % 
hemolysis can be calculated using the following equation.  
% Hemolysis= [(Abs. of sample-Abs. of negative control)/ (Abs. of 
positive control-Abs. of negative control)] * 100 
MTT Assay: Healthy cell line (Raw 264.7) 
MTT assay is widely used to detect the cytotoxicity of the 
compound based on the colorimetric assessment of the cell viability 
and proliferation of cells. Generally, live cells contain NADPH-
dependent oxidoreductase enzymes that convert MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) dye into 
formazan crystals. That is further used to assess the cellular 
metabolic activity of cells by assessing the production of purple 
color upon dissolved formazan crystals (Bahuguna et al. 2017). In 
brief, with slight modification 1x104 cells/well (Raw 264.7) with 
complete media DMEM (100 µL) was seeded in a 96-well plate and 
incubated for 24 h at 37°C in the CO2 incubator. Next day AZOME 
extract (25-1000 µg/mL) dissolved in incomplete DMEM media 
(100 µL) with complete media (100 µL) was treated Raw 264.7 cells. 
After incubation (24 h) media was removed and incomplete DMEM 
(100 µL) was added, then 10 µL of MTT dye (5 mg/mL in PBS) was 
also added and further incubated for 4 h. Formation of formazan 
crystals was visualized under Floid imaging system (EVOS® Floid 
cell imaging station, Invitrogen, Thermo Fisher Scientific, USA), 
and dissolved with 100 µL of DMSO (Dimethyl sulfoxide) per well 
after the old media was discarded. Then the plate was incubated for 
15 minutes for complete dissolution of the formazan crystals. 
Afterward, the absorbance of the solution was taken at 490 nm with 
570 nm as a reference wavelength on the multi-mode microplate 
reader (synergy H1, BioTek, USA). For the % viability calculation, 
the following formula was used: 
% Viability = �Abs. of sample

control
∗ 100� 

In Silico Studies 
In continuation to explore the in silico antidiabetic effect of the 
Aqueous Zingiber officinale rhizome (AZOME) was performed by 
using the phytoconstituents (ligands) retrieved from our previous 
research work (Hasan Mujahid et al. 2023). Targeted protein moiety 
as enzyme inhibition role in diabetes such as 1B2Y (α-amylase), 
3TOP (α-glucosidase), and glucose transporter protein 7wsm 
(GLUT4) was selected. The study was performed using multi-
computational tools such as CB-Dock2 (Liu et al. 2022) online web 
server, AutoDock version 4.0 of PyRx software (Trott and Olson 
2010), and AutoDock 4.2 Tools (Valdés-Tresanco et al. 2020) to 
check and compare docking score variability among different 
virtual docking tools. As usual, ligands 3D SDF format downloaded 
retrieved from PubChem (www.pubchem.com) database, and 
protein moiety was downloaded from Protein Data Bank 
(https://www.rcsb.org/), visualization tool BIOVIA Discovery 

Studio Visualizer, LigPlot+ v.2.2.8 program, and file format 
exchange tool Open Babel software was used.  
Preparation of Ligand and Protein 
CB-Dock2 
CB-Dock2 is an online server platform for ligand and protein 
docking. Protein in PDB format and ligand in any of mol2, mol, 
SDF, or PDB was needed to perform the docking.  
PyRx 
Protein was downloaded from Protein Data Bank (PDB) and 
opened in the visualizing tool “BIOVIA Discovery Studio” to 
remove water molecules, Hetero atom (Hetatm), inhibitors, or 
ligands in the existing protein. A polar H-atom was added 
(ChemistryHydrogenPolar) to the protein and saved in the 
PDB format. The in-built Open Babel GUI was used to convert the 
SDF format of phytochemicals (ligands) downloaded from the 
PubChem database.  
AutoDock Tools 
To begin with, the protein was prepared by removing all water 
molecules (EditDelete water). If the protein of interest has two or 
more chains, then the main chain should be kept and the rest must 
be deleted (SelectStringChain listChoose chainClick on 
addDismissGo to editClick on deleteClick on delete 
selected atomsContinue). Then, polar hydrogen 
(EditHydrogen atomsAddChoose polar hydrogen) and 
Kollman charges (EditChoose chargesKollman charges) were 
added. Finally, save the protein to PDBQT format through 
(EditAtomsAssign AD4 typeSave optionChoose 
PDBQT), and the protein is prepared now. For the ligand 
preparation (Click ligandInputOpenSelect PDB format of 
ligandOpenClick OK). Next go to ligand (Torsion 
treeChoose root), again go to ligand (Torsion treeDetect 
Root). Click ligand (OutputSave as PDBQT with PDBQT 
extensionSave). Now both protein and ligands were finally 
prepared for further steps for docking.  
Statistical Analysis 
Data collection and summarization were initially carried out using 
a Microsoft Excel Worksheet and analysis of variance (ANOVA) 
was performed on GraphPad Prism 8.0 with a significant p-value at 
<0.05 and data was also analyzed with Origin Pro 2024 (Origin Lab 
Corporation, Hampton, MA, USA).  Each reading was recorded 
three times, and the results were presented as means ± standard 
deviation (SD) or percentage. 
 
Results 
AZOME extract preparation 
The aqueous Zingiber officinale rhizome (AZOME) extract was 
prepared using the cold-maceration process. The AZOME extract 
produced was 0.1445 gm (144.5 mg), yielding 7.2 % from the 2-gm 
dry raw material.  

http://www.pubchem.com/
https://www.rcsb.org/
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Functional group analysis: FT-IR 
The distinctive functional groups in the bioactive molecule 
(phytochemical) in the ZOME extract were identified using Fourier 
transform infrared (FT-IR). The sample was scanned from 3500 to 
500 cm−1. Qualitative phytochemical functional group analysis of 
unprocessed ZOME (raw) and processed AZOME extracts FT-IR 
wave number (cm-1) were mentioned in (Supp. Table 1)In contrast, 
individual FT-IR spectra of ZOME, AZOME extract, and merged 
spectra can be depicted in (Figure 2 (A-C).                                                           
Heavy metal analysis 
The levels of heavy metals such as Iron (Fe), Lead (Pb), Cadmium 
(Cd), Copper (Cu), Manganese (Mn), Nickel (Ni), and Zinc (Zn) 
were determined in the AZOME extract using FAAS. The 
concentration of various heavy metals in parts per million (ppm) in 
the AZOME extract in the following trend: 
Fe>Zn>Mn>Cu>Pb>Ni>Cd as mentioned in (Figure 3A). 
UV-VIS Spectra 
The characteristic peak of the phytoconstituent of AZOME extract 
“Gingerol” shows a maximum absorption peak at the wavelength of 
280-282 nm with an absorption value of 3.842 represented in 
(Figure 3B).  
Carbohydrate content: Anthrone test 
The Anthrone test was done for the evaluation of carbohydrate 
content in the aqueous Zingiber officinale extract. The working 
solution (200-1000 µg/ml) was prepared from a diluted stock 
solution of D-glucose (1 mg/ml), and an unknown sample. The 
absorbance (λ=630 nm) was taken using the spectrometer 
technique and a graph was plotted showing the mean absorbance 
value and different glucose concentrations containing solution with 
the unknown sample. The amount of carbohydrate in the unknown 
sample in AZOME extract was extrapolated from the standard D-
glucose curve was 247.96 µg/ml as shown in (Figure 3C). A 
significant p-value of 0.002854 (P<0.05) was found among all mean 
values of absorbance with the green or blue color indication in the 
samples.                                                             
Antimicrobial activity 
The results demonstrated that the extract of AZOME has efficient 
antibacterial and antifungal activity against the examined standard 
strains. The extrapolation of the zone width (in mm) of 
concentration (5-500 µg/mL) inhibition and the MIC findings of 
AZOME extract with the available standard drug was observed 
(Supp. Table 2).  No clear zone of inhibition was found at 5 µg/mL, 
while 500 µg/mL concentration showed a maximum zone of 
inhibition with 21 mm (Supp. Table 3). The lowest concentration 
(MIC) of AZOME extract and standard drugs as an antibacterial 
agent against the standard strains with AZOME was MIC of 100 
µg/mL towards E. coli and S. aureus strains, and standard drug 
Gentamycin having 0.05, 1, 0.25, and 0.5 µg/mL towards E. coli, P. 
aeruginosa, S. aureus, and S. pyogenes respectively (Supp. Table 4). 

The antifungal activity of AZOME extract with MIC 100 and 125 
µg/mL was observed towards C. albicans and A. clavatus 
respectively with standard antifungal drugs also.  
Phytochemical Investigation 
A phytochemical analysis confirmed the presence of components 
mentioned in (Supp. Table 5) such as saponins, terpenoids, 
reducing sugar, molish test (carbohydrate), phenols, alkaloids, and 
amino acids (Figure 4).   
Total Phenolic Content 
The AZOME extract's total phenolic content, measured as the gallic 
acid equivalent of phenols, was determined by the Folin-Ciocalteau 
technique. The amount of phenolic content found in AZOME 
extract was 27.9±0.27 mg/g GAE dw extrapolated from the 
calibration curve of gallic acid (50-250μg/ml) shown in (Figure 5A).  
Total Flavonoid Content 
Total Flavonoid Content (TFC) in the AZOME extracts was 
extrapolated using quercetin equivalent to the flavonoid, standard 
calibration curve. The concentration of quercetin standard curve 
showing the AZOME extract has 18.4 mg quercetin equivalent 
(QE)/g of TFC is depicted in (Figure 5B).  
Total Flavonol Content 
The amount of total flavonol content (TFolC) in the AZOME 
extract was extrapolated by using the standard calibration curve of 
Quercetin mentioned in (Figure 5C). The total flavonol content was 
found to be 41.4±4 mg/g QE.  
DPPH Assay 
Free radical scavenging activity of AZOME extract was performed 
using DPPH assay. It showed efficient percentage radical 
scavenging activity (RSA) and increased in a concentration-
dependent manner as shown in (Figure 5D). AZOME extract adds 
an electron to the DPPH solution (purple color), free radical into a 
creamy (yellowish) solution. The inhibitory concentration (IC50) to 
scavenge free radicles by AZOME extract was found to be 353 
μg/mL and the standard (ascorbic acid) was 50 μg/mL.  
Reducing power assay: Fe3+ reducing power 
The findings of the evaluation of the AZOME extract capacity to 
convert Fe3+ to Fe2+ are  shown in (Figure 5E). The results revealed 
that the reducing power of the AZOME extract significantly 
increased in a dosage-dependent manner (50-500 μg/mL).    
FRAP Assay 
FRAP (Ferric Reducing Antioxidant Power) experiment was 
carried out to establish the antioxidant capacity of AZOME extract 
further and expressed in terms of ferrous sulphate equivalent 
(mM/g of sample). (Figure 5F) shows that AZOME extract has an 
increasing dose-dependent ferric-reducing (Fe+3Fe+2) antioxidant 
activity. The measured absorbance was 0.217, 0.274, 0.403, 0.559, 
0.693, and 0.866 at a varied concentration of 50, 100, 200, 300, 400, 
and 500 µg/mL respectively.  
Hydrogen Peroxide Scavenging Capacity 
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The scavenging ability of AZOME extract on hydrogen peroxide 
(H2O2) is shown in (Figure 5G). The AZOME extract was capable 
of scavenging hydrogen peroxide-free radicals in an amount-
dependent manner (50-500 µg/mL) and showed maximum 
scavenging activity and an IC50 value of 600 µg/mL.  
Radical scavenging activity: ABTS Assay 
The radical scavenging activity of AZOME extract was determined 
using the 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid). 
The percentage of radical scavenging activity was found to increase 
as the concentration of AZOME extract and standard increased. 
The relative capacity of antioxidants to scavenge the ABTS+ 
radicals of AZOME extract ranged from 53-63%. In comparison 
positive control ascorbic acid (50-500 μg/mL) ranging from 92-93% 
can be evaluated in (Figure 5H)  
Carbohydrate-digesting enzymes: 𝛼𝛼-Amylase Inhibition  
The results of α-amylase enzyme inhibitory activities through 
AZOME extract (31-1000 µg/mL) with the positive control (PC) 
standard drug “Metformin” (500 µg/mL) and final concentration 
were shown in (Figure 6A). The inhibitory action of AZOME 
extract was found to be 15-25 % and the IC50 value of 1564.43 µg/mL 
(1.5644 mg/mL) while metformin (PC) showed 70% inhibitory 
action towards the α-amylase enzyme. 
Carbohydrate-digesting enzymes: 𝛼𝛼-Glucosidase Inhibition  
The ability of the AZOME extracts (10-1000 µg/mL) with Acarbose 
(1 mg/mL) as a positive control drug was used to inhibit the 𝛼𝛼-
Glucosidase enzyme activity in vitro conditions as shown in (Figure 
6B). The inhibitory action of AZOME extract was found to be 10% 
at (10 µg/mL) and highest up to 51% (1000 µg/mL) in a dose-
dependent way with an IC50 value of 581.4 µg/mL while acarbose 
(PC) showed 69% inhibitory action towards the 𝛼𝛼-Glucosidase 
enzyme. 
Neutral red cytotoxicity test 
The viability of the L6 (rat myoblast skeletal muscle) cell line was 
assessed at increasing concentrations (1-1000 µg/mL) of the 
AZOME extract using the NRU assay. The AZOME extract has 
significant cytotoxicity towards the L6 cell line in a dose-dependent 
manner as shown in (Figure 7A-B) with neutral red uptake by cells. 
The percentage cell viability of the L6 cell line with IC50 value 533.3 
µg/mL is shown in (Figure 8A).   
Glucose uptake assay 
The glucose uptake activity of AZOME extract was measured on the 
L6 cell line at different concentrations (133.32-533.3 µg/mL) and 
the outcomes were compared with metformin (negative control) 
and insulin (positive control) drugs available for diabetes mellitus 
(DM) medications. AZOME extract has the highest glucose uptake 
activity with a mean glucose concentration of 254.74±62.79 µg/mL, 
132.73±32.60 µg/mL, and 117.01±23.66 µg/mL at 533.3 µg/mL, 
266.65 µg/mL, and 133.32 µg/mL respectively. In comparison, 
Insulin [0.1 U/mL] (244.51±30.37 µg/mL) as a positive control and 

metformin [1 mM] (49.90±6.96 µg/mL) as a negative control were 
used in the experimental setup as shown in (Figure 8B).   
Effect of AZOME extract on BSA-AGE formation 
The test samples AZOME extract (2.5-100 μg/mL) and standard 
antiglycation (2.5-100 μg/mL) agent (Aminoguanidine) showed a 
decrease in the fluorescence spectrum at the end of the seven-day 
incubation period as shown in (Figure 9A). (Figure 9B) shows the 
relative percentage of advanced glycation end products (AGEs). 
The glycation product, positive control, BSA conjugate D-Ribose 
(BSA+D-R) showed 100% AGEs formation. The test sample 
AZOME extract decreased the AGEs (%) from 63.50% ± 1.07 to 
58.59 % and AG showed 67.12% ± 1.75 to 51.99 % ± 3.08 compared 
to a positive control (BSA+DR).  
Protein aggregation via Congo red binding 
The protein aggregation assay was performed to simulate the 
glycation (Gly) product formed in a diabetic patient due to an 
amalgamation of sugar molecules with the protein moiety using the 
Amyloid-specific Congo red (CR) binding assay. We found that 
enhanced CR-absorption (82.55%) in Gly-BSA (BSA+D-ribose) in 
comparison to native unmodified BSA (only BSA). However, we 
found a decrement in the absorption when treated with different 
concentrations of standard drug, (AG) aminoguanidine (2.5-100 
μg/mL) and AZOME extract (2.5-100 μg/mL). AG reduced the CR-
specific absorbance maximum from 79.57 % to reduce to 26.33 % 
shown in (Figure 10A). Moreover, AZOME extract also exhibits a 
significant reduction from 87.32 % to 51.26 %, as depicted in 
(Figure 10B).  
Hyperchromicity assay 
The increase in absorbance (hyperchromicity) found in the UV-Vis 
spectrum (200-800 nm) showed that 100 mM (D-ribose) caused 
97.01% BSA glycation (BSA+D-ribose) on the 7th day as compared  
to native-BSA (2.2%). The addition of standard drug 
aminoguanidine (AG) at concentrations (2.5-100 μg/mL) to Gly-
BSA samples marked a decrement in the % hyperchromicity 
ranging between 4.14 % at (2.5 μg/mL) to 2.09 % at (100 μg/mL) 
concentration as shown in (Figure 10C. A similar reduction in 
hyperchromicity was also found in the case of treatment of AZOME 
extract towards Gly-BSA samples that showed 7.5 % at (2.5 μg/mL) 
to 3.47 % at (100 μg/mL) concentration as mentioned in (Figure 
10D).   
Hemolysis assay 
In vitro, the biocompatibility of the AZOME extract was performed 
to check the biosafe nature of the plant-based extract. For these 
fresh erythrocytes, red blood cells (RBCs) were exposed to the 
AZOME extract (40-120 μg/mL) concentrations, and the % 
hemolysis result revealed hemolysis up to -0.399±0.020, -
0.458±0.012, -0.416±0.024, -0.407±0.024, and -0.305±0.031 % at a 
varying concentration of 40-120 μg/mL respectively can be 
visualized in (Figure 11A).  Biocompatibility of AZOME extract can  
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Figure 1: Aqueous extract of Zingiber officinale 
rhizome (ZOME) was prepwered using a 
maceration process. 
 

Figure 2: Representative FTIR spectrum 
of ZOME. (A); The spectrum of raw 
ZOME (B); Spectrum of AZOME 
extract (C); Overlay spectrum of raw 
ZOME and AZOME extract to observe 
the shifting (wavenumber) of the 
functional group.  
 

Figure 3: (A) Heavy metals detection in 
AZOME extract. The trace elements: Iron 
(Fe), Lead (Pb), Cadmium (Cd), Copper 
(Cu), Manganese (Mn), Nickel (Ni), and 
Zinc (Zn) amount in AZOME extract were 
mentioned in parts per million (ppm).   
(B) UV-VIS Spectra of AZOME extract for 
the identification of phytoconstituent 
Gingerol. (C) Carbohydrate estimation in 
AZOME extract using anthrone test.  
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Figure 5. (A) TPC in AZOME extract using Standard gallic acid at various concentrations (50-250μg/ml). All the values were presented by 
mean ± SD. (B) Total Flavonoid Content in AZOME extract extrapolated using standard quercetin at various concentrations (25-150μg/mL). 
All the values were presented by mean ± SD. (C) Total Flavonol Content in AZOME extract extrapolated using standard quercetin at various 
concentrations (50-350μg/mL). All the values presented by mean ± SD were determined in a triplicate manner. (D) AZOME extract showed a 
significant increase in radical scavenging activity (RSA) and a maximum % RSA was reported at 500 μg/ml. Values were represented by mean 
± SD. (E) AZOME extract showed an efficient increase in reducing power (Fe3+ to Fe2+) in a concentration (50-500 μg/mL) dependent manner. 
Values were represented by mean ± SD. (F) Ferric reducing antioxidant power of AZOME extract. Showed a significant increase in the 
absorbance as the concentration of AZOME extract and standard drug increased. Values were represented by mean ± SD. (G) AZOME extract 
showed H2O2 lowering action as increased in a concentration-dependent way (50-500 μg/mL). Values were represented by mean ± SD. (H) 
ABTS, 2, 2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) scavenging activity. AZOME extract with ascorbic acid (standard drug) 
antioxidant property to scavenge ABTS+ radical increases in a concentration-dependent manner. All values were represented by mean ± SD. 
 
 

Figure 4. Pictorial representation of qualitative 
phytochemical screening of AZOME extract. Showed 
the presence of various secondary metabolites 
identified through color change. 
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Figure 6. (A) α-amylase enzyme inhibitory activity of AZOME extract. Metformin was used as a standard or positive control. Mentioned 
values were mean ± SD (n=3). (B) α-glucosidase enzyme inhibitory activity of AZOME extract. Acarbose was used as a positive control (PC). 
The mentioned values were mean ± standard deviation. 
 
 

 
 
Figure 7 (A); Evaluation of the cytotoxic effect of AZOME extract on L6-cell line morphology after the treatment (24 h), (B); NRU assay was 
performed and visualized using an Olympus CK2 under a 10X magnification inverted microscope that illustrates the L6 cell's intracellularly 
bound neutral red dye.  
 

  
Figure 8. (A) Cell cytotoxicity was observed after 24 h of treatment with AZOME extract showing an IC50 value of 533.3 µg/mL against the L6 
cell line. Represented values were mean ± SD with ***p<0.001 value. (B) Glucose uptake activity of the AZOME extract at different 
concentrations (133.32-533.3 µg/mL) on the L6 cell line compwered to the Insulin: Positive control (PC) and Metformin: Negative Control 
(NC) as available standard antidiabetic drugs.   
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Figure 9. Estimation of antiglycation activity. (A); 
Fluorescence spectrum (λEx.=360 nm and λEm.=440 
nm) showing the lowest spectrum of native BSA, the 
highest fluorescence spectrum of BSA+D ribose 
(positive control), and a decrement (±) in the 
fluorescence spectrum found in standard 
antiglycation agent: aminoguanidine and the 
AZOME extract. (B); The decrease in the relative 
percentage of AGEs (% AGEs) was found due to the 
presence of AZOME extract treatment and 
aminoguanidine drug in a concentration-dependent 
manner (2.5-100 μg/mL). Results were expressed as 
mean ± SD with a significant ***p<0.001 value.  
 

Figure 10. Protein aggregation detection using 
Congo red binding assay. (A); Native BSA, Gly-BSA 
(BSA+D-ribose), and Aminoguanidine (AG) treated 
Gly-BSA model, and absorbance was recorded in the 
400-700 nm range. (B); Native BSA, Gly-BSA 
(BSA+D-ribose), and AZOME extract-treated Gly-
BSA experimental setup. The data represented the 
Mean ± SD values.  (C); The % hyperchromicity in 
Native or unmodified BSA, Gly-BSA (BSA+D-
ribose), and the effect of Aminoguanidine (AG) (2.5-
100 μg/mL) on the Gly-BSA model. (D); Showed % 
hyperchromicity in native-BSA, modified BSA (Gly-
BSA), and treated effect of AZOME extract towards 
Gly-BSA. The data represented were the mean ± SD.  
 

Figure 11. Biocompatibility analysis of AZOME extract 
using hemolysis assay. (A); Graphical representation of 
Hemolysis % of AZOME extract (40-120 μg/mL) showed 
RBCs reduction ranging. The data represented were the 
mean ± SD with significant ***p-value (<0.0001). (B); 
Experimental setup visualization showing centrifuge tubes 
after centrifugation step and 96-well plate for taking reading 
where positive control (PC): tap/distilled water, negative 
control (NC): NaCl solution, and for biocompatibility test 
AZOME extract (40-120 μg/mL) was taken.  
 

Figure 12. The proliferative nature of AZOME 
extract towards a healthy cell line, RAW 264.7. (A); 
Showed the formation of formazan crystals after 
incubation (4 h) with the treatment of MTT dye. 
(B); The column-graphical representation shows 
the % viability of the RAW 264.7 cells on exposure 
to AZOME extract (25-1000 µg/mL) showing the 
dose-dependent proliferative effect. The 
represented data is the mean ± SD values with 
significant **p-value (0.0018) <0.05. 
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Figure 13. (A);  2D representation of targeted antidiabetic proteins PDB ID: 1b2y (alpha-amylase); 3top (alpha-glucosidase) and 7wsm 
(GLUT4) visualized using 2D interaction map (LigPlot+ v.2.2.8) program and (B); 3D visualization of prepwered proteins using BIOVIA 
Discovery Studio Visualizer.  
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be seen  as it doesn’t induce erythrocyte lysis, resulting in no release 
of hemoglobin into the extracellular environment that can be seen 
after the centrifugation step to take a reading (λ=540 nm) in 96-well 
plate as shown in the (Figure 11B).                                                       
Cytotoxicity assessment 
The RAW 264.7 cell line was used to assess the biosafety nature of 
the AZOME extract. There was no obvious cytotoxicity found in the 
Raw 264.7 cell line treated with AZOME extracts (25-1000 µg/mL) 
with a minimum of ~1% to a maximum of ~20% was observed. The 
visualization of formazan crystals can be depicted in (Figure 12A) 
The percentage (%) viability of the Raw 264.7 cell line treated with 
AZOME extract showed a proliferative nature with of minimum % 
viability of 79% to a maximum of 99% of the cells in a 
concentration-dependent manner as shown in (Figure 12B) 
Molecular docking studies 
The molecular docking was performed on the varied software viz., 
CB-Dock2, PyRx, and Auto Dock Tools to find out the variability 
in the binding affinity (kcal/mol) using the phytochemicals 
(ligands) obtained through GC-MS analysis of AZOME extract 
towards the targeted antidiabetic proteins such as Alpha-amylase 
(1B2Y), Alpha-glucosidase (3TOP), GLUT4 (7WSM) as shown in 
(Figure 13A-B). To validate the finding in the in vitro assay 
regarding enzyme inhibition assay and glucose uptake assay in the 
L6 cell line molecular docking was performed (Supp. Table 6). The 
complex for the targeted protein and ligands with interacting amino 
acids with atom residue (Supp. Table 7).    
 
Discussion 
The history of plant-based healing, known as phytomedicine, spans 
from ancient traditions dating back 60,000 years to written records 
5,000 years ago (Kurhekar, 2021). Zingiber officinale rhizome, a 
household spice, is among these medicinal plants. The aqueous 
extract of Zingiber officinale rhizome (AZOME) was obtained 
through cold maceration with a yield of 7.2%. FT-IR analysis 
revealed various phytocompounds in AZOME, including 
phenolics, proteins, polysaccharides, terpenes, and alkaloids 
(Akbari et al., 2019). 
The detection of heavy metals using a Flame Atomic Absorption 
Spectrophotometer (FAAS) was conducted, ensuring the quality, 
safety, and sustainability of drug development and scientific 
research. The presence of trace metals in the AZOME extract was 
quantified: Fe (194 ppm), Zn (126 ppm), Mn (22 ppm), Cu (8.2 
ppm), Pb (7.74 ppm), Ni (6.1 ppm), and Cd (0.36 ppm). These trace 
elements, including essential ones like Iron (Fe), Zinc (Zn), 
Manganese (Mn), and Copper (Cu), and non-essential 
micronutrients such as Lead (Pb), Nickel (Ni), and Cadmium (Cd), 
play pivotal roles in biological systems. However, they can become 
hazardous if their concentrations exceed recommended levels 
(Shah et al., 2013). The UV-Vis spectrum of the AZOME extract 

exhibited a prominent peak between 280-282 nm, characteristic of 
"Gingerol," the major phytoconstituent of ZOME. 
The gingerol compound exhibits potent antioxidant properties, 
combating oxidative stress and diabetes mellitus and demonstrating 
antimicrobial activity (Ma et al., 2021). It effectively scavenges free 
radicals, neutralizing harmful reactive oxygen species that can 
damage cellular organelles and increase the risk of chronic diseases 
such as heart diseases, diabetes, cancer, and neurodegenerative 
diseases. 
Proximate analysis revealed that the AZOME extract contains 
247.96 µg/mL of carbohydrates, determined using the anthrone 
method of detection. Studies propose ginger rhizomes typically 
comprise 60-70% carbohydrates (Srinivasan, 2017). 
In our investigation, the AZOME extract displayed efficient 
antibacterial and antifungal activities. The minimum inhibitory 
concentrations (MIC) were determined to be 100, 125, 100, and 125 
µg/mL for E. coli, P. aeruginosa, S. aureus, and S. pyogenus, 
respectively. Additionally, the MIC was found to be 100, 125, and 
100 µg/mL for the antifungal species C. albicans, A. niger, and A. 
clavatus, respectively. These findings were compared with standard 
antimicrobial drugs available in the market. 
In our study, the antimicrobial activity of AZOME extract was 
consistent with previous findings by Yousfi et al. (2021), who 
reported MIC values for S. aureus (1.44 mg/mL) and P. aeruginosa 
(0.72 mg/mL). We conducted a comprehensive assessment of 
secondary metabolites in the AZOME extract using qualitative and 
quantitative experimental assays. Qualitative phytochemical 
screening confirmed the presence of Saponins, Phenols, Alkaloids, 
Amino acids, Molish (carbohydrate) detection, and reducing 
sugars, while terpenoids were absent, consistent with findings by 
Osabor et al. (2015). 
The Quantitative analysis provided further insights into secondary 
metabolites, with total phenolic content (TPC), total flavonoid 
content (TFC), and total flavonol content measured at 27.9±0.27 
mg/g GAE, 18.4 mg/g QE, and 41.4±4 mg/g QE, respectively. These 
results enhance our understanding of the phytochemical 
composition of the AZOME extract. 
The secondary metabolites found in the AZOME extract boast a 
rich polyphenol content, renowned for their potent antioxidant 
properties. These compounds act as guardians in the biological 
system, warding off diseases triggered by the presence of reactive 
oxygen species (ROS). Imagine them as vigilant sentinels, tirelessly 
neutralizing harmful radicals to maintain cellular harmony and 
health. 
Assessment of the AZOME extract's antioxidant prowess was 
meticulously conducted through various in vitro assays. In the 
DPPH assay, akin to a colorful chemistry experiment, the extract 
and standard ascorbic acid exhibited antioxidant activity by 
transforming the deep purple DPPH radical into a pale-yellow hue, 
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indicating their efficacy in scavenging free radicals. The AZOME 
extract displayed an IC50 value of 353 μg/mL, showcasing its 
antioxidant potency. 
Furthermore, the extract's ability to reduce Fe^3+ to Fe^2+ was 
assessed through the reducing power assay (RPA) and the Ferric 
Reducing Antioxidant Power (FRAP) assay. Like skilled alchemists, 
the extract demonstrated its capacity to donate hydrogen atoms or 
electrons to reactive species, thus mitigating ROS generation. 
In the hydrogen peroxide assay, reminiscent of a battle against 
oxidative stress, the AZOME extract exhibited remarkable 
scavenging ability against H2O2 generation, with an IC50 value of 600 
μg/mL. Additionally, the ABTS assay provided further evidence of 
the extract's antioxidant prowess. As the concentration of the 
AZOME extract increased, its electron donation to ABTS+ resulted 
in a fading of its color, indicative of antioxidant activity (Offei-
Oknye et al. 2015; Hosseini et al. 2024). 
The WHO Global Report paints a concerning picture of diabetes 
prevalence, with cases soaring from 135 million in 1995 to a 
staggering 300 million in 2025, and projected to reach 783 million 
by 2045. This epidemic is particularly pronounced in emerging 
nations like China, the US, and India, where the burden of diabetes 
is expected to be high (Kumar et al., 2024). Amidst this alarming 
trend, targeting key enzymes like alpha-amylase and alpha-
glucosidase emerges as a crucial strategy in managing diabetic 
conditions. 
These enzymes were pivotal players in carbohydrate metabolism, 
catalyzing the breakdown of complex carbohydrates into glucose 
monosaccharides, thus contributing to postprandial 
hyperglycemia. Inhibition of these enzymes can help regulate blood 
glucose levels. The AZOME extract exhibited significant inhibitory 
activity against alpha-amylase and alpha-glucosidase, with IC50 
values of 1564.43 µg/mL and 581.4 µg/mL, respectively, comparable 
to positive controls like metformin and acarbose (Kumar et al., 
2024). Similar findings were reported by Adeyeoluwa et al. (2020), 
highlighting the effectiveness of ginger extract in enzyme inhibition 
assays. 
Furthermore, in vitro studies on L6 cell lines, mimicking skeletal 
muscle glucose uptake, revealed the AZOME extract's potential in 
enhancing glucose transport. At concentrations ranging from 
133.32 to 533.3 µg/mL, the extract demonstrated a dose-dependent 
increase in glucose uptake, reaching 254.74±62.79 µg/mL at 533.3 
µg/mL. This effect was comparable to the positive control 
metformin and insulin, indicating the extract's ability to stimulate 
glucose uptake in muscle cells (Kumar et al., 2024). Additionally, 
the extract's impact on GLUT1 expression and activation of AMPK 
and PI3-Kinase pathways further elucidates its mechanism of action 
in improving glucose absorption (Noipha and Ninla-Aesong, 2018). 
The hyperglycemic state in individuals with diabetes leads to the 
formation of advanced glycation end products (AGEs), which 

contribute to secondary complications (Mohd Dom et al., 2020). 
Addressing this, there's a growing interest in natural inhibitors as 
alternatives to synthetic drugs. In vitro studies utilizing the BSA-
AGE model demonstrated the significant antiglycation activity of 
AZOME extract, reducing AGEs formation by 58.59%, compared 
to the positive control (BSA+D-R), which showed 100% AGEs 
formation. This effect was comparable to the standard drug 
aminoguanidine, which reduced AGEs formation by 51.99% (Mohd 
Dom et al., 2020). 
Congo-red (CR) dye was employed to detect amyloid formation in 
protein structures resulting from non-enzymatic reactions, leading 
to protein aggregation and fibrillation. AZOME extract showed 
promising results, reducing protein aggregation from 87.32% to 
51.26%, similar to the effect of aminoguanidine, which decreased 
absorbance from 79.57% to 26.33% (Mohd Dom et al., 2020). 
UV-Vis spectrum analysis provided further insights into the D-
ribose-induced glycation model, highlighting enhanced 
hyperchromicity due to alterations in protein structure and 
glycation adduct formation. Treatment with aminoguanidine and 
AZOME extract (2.5-100 µg/mL) reduced hyperchromicity, 
suggesting hindrance in D-ribose attachment to protein-free amino 
acids, impeding glycated adduct formation (Nabi et al., 2018). 
By the end of the study (7th day), both aminoguanidine and 
AZOME extract demonstrated decreased levels of glycated 
products, from 4.14% to 2.09% and from 7.5% to 3.47%, 
respectively, indicating the potential of AZOME extract in 
mitigating glycation-associated complications (Mohd Dom et al., 
2020). 
For the biosafety evaluation of AZOME extract, hemolysis assay 
and in vitro cytotoxicity assessment on healthy RAW 264.7 cells 
were conducted (Abdullah et al., 2023). Hemolysis activity of 
AZOME extract ranged from -0.399±0.020% to -0.305±0.031% at 
concentrations of 40-120 µg/mL, indicating negligible hemolytic 
activity, classified as non-hemolytic according to ASTM (American 
Society for Materials and Testing) standards (Abdullah et al., 2023). 
In vitro cell culture studies on RAW 264.7 cells revealed AZOME 
extract doses (25-1000 µg/mL) to be safe and non-toxic, with a 
proliferation rate reaching 99%. This aligns with findings by Zheng 
et al., where ginger polysaccharide exhibited a proliferation rate of 
132.1% on RAW 264.7 cells (Zheng et al., 2024). 
To identify lead compounds responsible for the antidiabetic 
property, GC-MS analysis of AZOME extract revealed 36 
phytocompounds, subsequently docked with targeted proteins, 
including α-amylase (1b2y), α-glucosidase (3top), and GLUT4 
(7wsm) (Mandal et al., 2018). Molecular docking simulations using 
CB-DOCK2, PyRx, and Auto Dock Tools showed AZOME-derived 
phytocompounds exhibiting higher binding energy (docking 
score), indicating favorable interactions with the active binding 
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sites of targeted proteins, similar to standard drugs like Metformin, 
Acarbose, and 2-DGP (Mandal et al., 2018). 
The docking results of protein-ligand complexes, including binding 
affinity in kcal/mol and inhibition constant (mM/μM/nM) values, 
were determined, while the 3D and 2D confirmations, along with 
protein-ligand interactions and spacing of the grid box (Å), were 
outlined. Notably, various phytocompounds (ligands) such as 
Curcumin, Zingiberene, Beta-Bisabolene, Zingiberenol, β‐
eudesmol, Carotol, Caryophyllene oxide, Aromadendrene oxide, 
and Gamma-Sitosterol demonstrated significant binding affinities 
(in kcal/mol) with targeted antidiabetic proteins (1b2y, 3top, and 
7wsm) (Mandal et al., 2018). 
Similarly, standard drugs like metformin, acarbose, and 2-DGP 
were also docked with the targeted proteins and analyzed using 
Auto Dock Tools software and CB-DOCK2 and PyRx software. 
Results showed high docking scores, indicating favorable 
interactions with the active binding sites of the proteins (Mandal et 
al., 2018). 
The comprehensive investigation revealed that AZOME extract 
contains abundant bioactive compounds with diverse therapeutic 
potentials, including antioxidant, antimicrobial, antidiabetic, and 
antiglycation properties. 
 
Conclusion 
In conclusion, the findings from our study suggest that AZOME 
extract holds promise for extensive applications in medicine, 
cosmetics, and food industries. Our experimental results 
underscore its potential as a rich source of phenolics and 
antioxidant phytocompounds, which exhibit robust free radical 
scavenging activity across various in vitro antioxidant assays. 
Moreover, AZOME demonstrates potent antimicrobial properties 
against both Gram-positive and Gram-negative microbial strains. 
Of particular significance is its potential as a prophylactic and 
therapeutic agent for diabetic patients. Our study revealed 
compelling results in in vitro enzyme inhibition assays and glucose 
uptake studies using L6 cell lines, indicating promising antidiabetic 
properties. Additionally, AZOME showed efficacy in mitigating the 
formation of glycation adducts, addressing secondary 
complications in diabetic patients. 
The in silico approach further supports these findings, revealing a 
strong binding affinity towards targeted antidiabetic proteins. 
Importantly, our investigation found no cytotoxic effects of 
AZOME extract, ensuring its safety for use. 
Looking ahead, future research should include in vivo studies to 
validate the in vitro and in silico antidiabetic findings, thereby 
providing a more comprehensive understanding of AZOME's 
therapeutic potential. Overall, these findings highlight AZOME 
extract as a promising candidate for the development of novel 
therapeutics targeting various health conditions. 
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