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ABSTRACT

Objective: To evaluate the effect of Senna petersiana leaf extracts on 
key digestive enzymes and  FeSO4-induced oxidative injury.
Methods: Dried Senna petersiana leaf powder (60 g) was defatted 
in n-hexane and then extracted sequentially at room temperature 
with dichloromethane, methanol, and distilled water. The total 
phytochemical content of the extracts was estimated using 
established methods. The in vitro antioxidant, anti-lipase, and 
antidiabetic activities and the effect of the extracts on intestinal 
glucose absorption and FeSO4-induced pancreatic oxidative injury 
were determined using different protocols. Moreover, GC-MS 
analysis was performed to identify the main compounds of the plant 
extract. Molecular docking analysis was also carried out to evaluate 
the binding energy of compounds with digestive enzymes.
Results: Senna petersiana leaf extracts showed significant antioxidant 
activities in FRAP, DPPH, and hydroxyl radical scavenging assays. 
They also inhibited pancreatic lipase and lowered intestinal glucose 
absorption by suppressing activities of α-amylase and α-glucosidase. 
Treatment with the extracts also lowered lipid peroxidation 
(malondialdehyde), nitric oxide level, acetylcholinesterase, and 
ATPase activities with simultaneous improvement of antioxidant 
(catalase, superoxide dismutase, glutathione) capacity in the 
type 2 diabetes model of oxidative pancreatic injury. GC-MS 
characterization of the extracts revealed the presence of stilbenoids, 
alkaloids, and other compounds. Molecular docking screening assay 
indicated the extract phytochemicals showed strong interaction with 
the active site amino acids of the targeted digestive enzymes. Among 
the Senna petersiana compounds, veratramine had the highest affinity 
for α-amylase and lipase, whereas dihydrostilbestrol was most 
attracted to α-glucosidase. 
Conclusions: Senna petersiana inhibits carbohydrate digestive 
enzymes, reduces intestinal glucose absorption, and exerts 

ameliorative effects on FeSO4-induced oxidative pancreatic injury 
with significant antioxidant capabilities. Detailed in vivo studies are 
underway to understand the plant's therapeutic potential in diabetes 
management.
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Significance

Senna petersiana, a deciduous medicinal shrub native to the 
Tropical African region, is mainly utilized for managing 
indigestion, intestinal worm infestation, skin infection, and 
many other traditional uses. Despite the indigenous and 
pharmacological relevance attributed to this plant, its biological 
activities in diabetes management are rarely studied. In the 
current study, the plant leaf extracts inhibit carbohydrate 
digestive enzymes, lower intestinal glucose absorption, display 
antioxidant properties, and modulate dysregulated enzyme 
activities in the oxidative pancreatic injury model of type 2 
diabetes. These findings suggest Senna petersiana is a natural 
source of lead chemical agents for the treatment and management 
of diabetes and its complications.  
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1. Introduction

  Oxidative stress has been implicated as one of the underlying 
mechanisms in the onset and progression of many pathological 
conditions. Among these diseases is diabetes mellitus, which is 
estimated worldwide to affect about 537 million people aged 20-79 
years[1]. Moreover, the International Diabetes Federation[1] further 
projected that by 2030, the incidence rate of this disorder would 
increase to around 783 million, with people in the African region 
accounting for 7%. Diabetes is a multifaceted metabolic pathology 
that interferes with the normal metabolism of carbohydrates, 
fatty acids, and proteins, resulting in persistent hyperglycemia. 
Interestingly, this biochemical dysfunction has been linked 
significantly with the total loss of pancreatic β-cell insulin secretion 
or insufficient insulin production/insensitivity of body cells to the 
regulatory hormone signals. While type 1 diabetes is associated 
with the former condition, type 2 diabetes (T2D) which accounts for 
90%[1] of all reported diabetes cases is related to the latter situations.  
  Oxidative stress induced by chronic hyperglycemia has been 
reported as a major factor leading to cellular insulin insensitivity 
and β-cell dysfunction in T2D[2]. Findings suggest that chronic 
hyperglycemia results in elevated production of free radicals via 
biochemical processes that include increased activation of protein 
kinase C isoforms, enhanced production of advanced glycation end 
products, activation of the hexosamine pathway, and upregulation 
of the polyol pathway[3]. Consequently, high cellular levels of free 
radicals overwhelm the body’s antioxidant defense system and thus 
result in redox imbalance that mediates the progression of T2D into 
several micro- and macrovascular-complications[4]. 
  The pancreas plays a crucial role in regulating circulating blood 
glucose concentration. Apart from producing insulin for glucose 
utilization by body cells, the organ also has exocrine functions with 
which it secretes digestive enzymes for the hydrolysis of dietary 
food substances. According to Cooley et al.[5], pancreatic acinar cells 
synthesize proenzymes and enzymes such as amylase and lipase in 
carbohydrate and lipid digestion. Surprisingly, inhibition of these 
enzymes has been implicated in the management of diabetes and 
its associated diseases[6,7]. Despite its crucial functions in energy 
metabolism, the pancreas is more easily susceptible to oxidative 
attack than other body tissues. The studies by Lenzen et al.[8] showed 
lower gene expression levels of catalase, superoxide dismutase 
(SOD), and glutathione peroxidase in the pancreas relative organs 
such as the liver, kidney, muscles, etc. Considering the pancreas’ 
low intrinsic antioxidant capacity and its involvement in diabetes, 
food materials with the dual abilities to protect the organ against 
oxidative damage and modulate its enzyme activities could present 
an excellent treatment regimen for managing T2D.
  Senna petersiana (S. petersiana) (Bolle) Lock, also called Cassia 
petersiana Bolle var is a deciduous shrub widely distributed in many 
African countries. It belongs to the Fabaceae family of the plant 
and is commonly called earner senna or monkey pod in English. S. 

petersiana plant is characterized by 12 opposite pinnate leaflets with 
brightly colored yellow flowers. At maturity, it annually produces 
hairy compressed pods consumed fresh or cooked as gruel locally[9]. 
Different parts of the plant have been used for traditional therapeutic 
purposes. The leaves are utilized to manage malaria and typhoid 
fever, whereas the roots are employed as medicine for coughs, 
stomachaches, and sexually transmitted diseases such as syphilis[9,10]. 
Interestingly, pharmacological evidence has also described the 
bioactivity of S. petersiana plant products. An in vitro study revealed 
that methanol and aqueous extracts of the root reduced red blood cell 
hemolysis and coagulation better than salicylic acid[11]. Moreover, 
the plant leaves were reported to show antifungal and antibacterial 
activities in addition to significant cyclooxygenase-1 inhibition[12,13]. 
However, there is scarce information on antidiabetic and tissue-
protective antioxidant activities of S. petersiana. 
  Therefore, the present study was conducted to evaluate antidiabetic 
and anti-lipase activities of S. petersiana leaf and its protective 
antioxidant effects on Fe2+-induced oxidative pancreatic injury. 
Bioactive chemical compounds in the aerial part were also identified 
and screened in silico via molecular docking analysis for binding 
affinities with primary carbohydrate and lipid digestive enzymes. 

2. Materials and methods

2.1. Chemicals and reagents

  Acetylcholine iodide, 6-hydroxydopamine, p-nitrophenyl 
butyrate, and 4-nitrophenyl-D-glucopyranoside were obtained 
from Sigma-Aldrich via Merck Chemicals, Durban, South Africa. 
Diethylenetriaminepentaacetic, ethylenediaminetetraacetic acid, iron 
(Ⅲ) chloride, trichloroacetic acid, thiobarbituric acid, potassium 
ferricyanide, calcium chloride (CaCl2), ammonium molybdate and 
aluminium chloride were procured from United Scientific, Durban, 
South Africa. Dichloromethane (DCM), methanol, magnesium 
sulphate, hydrogen peroxide, sodium carbonate, and ferrous sulphate 
were purchased from Shalom Laboratory Supplies, Durban, South 
Africa.

2.2. Plant collection

  The fresh leaves of S. petersiana (Bolle) were obtained from 
shrubs growing at Westville Campus, University of KwaZulu-
Natal, Durban, South Africa, in January 2020. The leaf materials 
were identified by the curator of the Ward Herbarium, School of 
Life Sciences, University of KwaZulu-Natal (Dr. Syd Ramdhani). A 
voucher of the leaf specimen (K. Olofinsan 7) was deposited at the 
Ward Herbarium (UDW), Biology building, School of Life Sciences. 
Then, the leaves were washed with running tap water and air-dried 
to constant weight under shade. After drying, the plant material was 
pulverized with a miller (Wiley, Philadelphia, USA). 
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2.3. Preparation of extracts

  About 60 g of the S. petersiana dried leaf powder was transferred 
into a 1 L beaker containing 500 mL n-hexane and kept at room 
temperature (25 曟) for 24 h. After defatting with n-hexane, the plant 
material was extracted sequentially under a similar condition with 
DCM, methanol, and distilled water. The filtrates obtained from 
the DCM and methanol extracts were concentrated in a rotatory 
evaporator at 45 曟, while the aqueous extract was concentrated over 
a boiling water bath (100 曟). After the different extraction steps, the 
dried extracts were refrigerated at 4 曟 before in vitro analysis.

2.4. Animals 

  Six Sprague-Dawley male rats, weighing (217.00±21.14) g, 
were obtained from the Biomedical Resource Unit, University of 
KwaZulu-Natal, Westville Campus, Durban, South Africa. A day 
before sacrifice, the animals were subjected to 12 h overnight fasting, 
during which they were denied access to food but given water. 
Then, the rats were euthanized in an isoform saturated gas chamber, 
and their pancreas and intestines were harvested after dissection. 
Biochemical studies with the tissues were carried out within 2 h after 
being excised. 

2.5. Estimation of phytochemical content 

2.5.1. Total flavonoids 
  The total flavonoid content of the S. petersiana extracts was 
determined using the aluminum chloride colorimetric method of 
Chang et al.[14], with slight modifications. Briefly, 200 µL of each 
extract solution (1 mg/mL) was added to 150 µL of aluminum 
chloride (10%) and 150 µL potassium acetate (1 M). Then 2 700 µL 
of distilled water was added, and the mixture was incubated at 25 曟
for 30 min. The absorbance of the resulting mixture was measured 
at 415 nm in a spectrophotometer. The flavonoid content of the 
extracts was evaluated from a standard curve prepared with known 
concentrations of quercetin. 

2.5.2. Total phenolics
  The total phenolics in each extract were estimated spectrophotometrically 
with Folin Ciocalteau reagent by adopting the method of McDonald et 
al.[15] with minor modifications. A total of 800 µL sodium carbonate 
(700 mM) and 900 µL of 10 times diluted Folin Ciocalteau reagent were 
added to 200 μL solutions of each extract (1 mg/mL). The mixtures were 
incubated at room temperature (25 曟) for 30 min, and the absorbance 
was read at 765 nm. The total phenolic content of the extract 
was estimated as gallic acid equivalent (GAE) using a gallic acid 
standard curve.

2.6. Determination of antioxidant properties

2.6.1. Ferric (Fe3+) reducing antioxidant power (FRAP)
  The reducing power of the S. petersiana extracts was evaluated 
using a modified protocol of Oyaizu[16]. Briefly, 1 mL of the extracts 
or ascorbic acid at 20-320 μg/mL concentrations was added to 
500 μL of 0.2 M phosphate buffer (pH 6.6) and 250 µL potassium 
ferricyanide (1%) in a test tube. The mixture was incubated at 50 曟 
for 30 min before acidification with 500 µL of 10% trichloroacetic 
acid. Then 500 µL aliquot of distilled water and iron (Ⅲ) chloride 
(0.1%) was added to the solution in sequence. The absorbance of 
the reaction mixture was read at 700 nm, and the reducing power of 
extracts was expressed as:

% FRAP=
Absorbance of sample

Absorbance of gallic acid (320 μg/mL)
×100

2.6.2. Hydroxyl radical (OH˙) scavenging activity
  The hydroxyl radical (OH˙) scavenging activity of the extracts 
was determined by evaluating their ability to suppress Fe2+ mediated 
attack on deoxyribose in the presence of hydrogen peroxide using the 
protocol of Halliwell and Gutteridge[17] with minor modifications. 
Briefly, 0.15 mL deoxyribose (20 mM), 0.25 mL phosphate-buffered 
saline, 0.1 mL ferrous sulphate (500 μM) and 0.1 mL of 1% hydrogen 
peroxide (H2O2) were added to 0.1 mL extract (20-320 μg/mL) in 
sequence. The reaction mixture was incubated at 37 曟 for 30 min. 
Then 0.2 mL of 10% trichloroacetic acid and 0.6 mL of 0.25% 
thiobarbituric acid were added. The mixture was boiled at 100 曟 
for 20 min and later cooled to room temperature. The absorbance of 
the pink solution formed was read at 532 nm, and hydroxyl radical 
scavenging activity was calculated with the formula of Olofinsan et 
al.[18]:

% OH ̇ scavenging activity = AB−(AM−AS)
AB

×100

Where AB = absorbance of the mixture without sample; AM = 
Absorbance of mixture with sample; AS = absorbance of the sample 
only.

2.6.3. 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging 
activity
  The DPPH mopping activity of the extracts was measured by their 
capacity to change DPPH purple color using a modified method 
previously described by Ak and Gülçin[19]. Briefly, 100 μL of 0.3 
mM DPPH solution (prepared in methanol) was added to 100 μL of 
the extracts or gallic acid at 20-320 μg/mL in a 96-well microplate. 
The solution was kept in the dark at room temperature (25 曟) for 30 
min before the absorbance was measured at 517 nm. The % DPPH 
radical scavenging activity was calculated against a blank solution 
containing distilled water using the equation:

×100% DPPH scavenging activity =
Absorbanceblank−Absorbancesample

Absorbanceblank



303Antidiabetic activities of Senna petersiana

2.7. Carbohydrate digestive enzyme and intestinal glucose 
absorption inhibitory activities

2.7.1. α-Amylase assay
  The effect of S. petersiana extracts on α-amylase activity was 
determined using the method of Ibitoye et al.[6] with slight 
modifications. Briefly, 0.2 mL extract at 20-320 μg/mL was added to 
0.3 mL solution of 3 mg/mL porcine pancreatic α-amylase dissolved 
in 0.2 M of pH 6.9 sodium phosphate buffer. The solution was 
incubated for 15 min at 37 曟 before adding 0.2 mL of 1% starch 
solution. The mixture was incubated at 37 曟 for an additional 30 
min. Then 0.9 mL of dinitrosalicylic acid reagent was added, and 
the mixture was boiled at 100 曟 for 15 min. After cooling to room 
temperature, 1 mL distilled water was added to the resulting solution 
and absorbance was read at 540 nm. The % inhibition of the extracts 
was calculated using the expression:

% Inhibition =
Absorbancecontrol−Absorbancesample

Absorbancecontrol
×100

2.7.2. α-Glucosidase assay
  The effect of the extracts on α-glucosidase activity was determined 
using the protocol of Ademiluyi and Oboh[20] with minor 
modifications. In brief, 0.2 mL of each extract or acarbose at 20-
320 µg/mL was transferred into Eppendorf tubes containing 0.4 mL 
of 1 U/mL yeast α-glucosidase in 0.1 M phosphate buffer (pH 6.8). 
Then, the mixture was incubated at 37 曟 for 15 min, followed by 
adding 0.2 mL of 5 mM 4-nitrophenyl-D-glucopyranoside in the 
same buffer solution. The resulting mixture was incubated further 
for 20 min before the absorbance was read at 405 nm. The enzyme 
inhibitory activity of the extracts was calculated as:

% Inhibition =
Absorbancecontrol−Absorbancesample

Absorbancecontrol
×100

2.7.3. Glucose absorption in isolate rat jejunum 
  The effect of S. petersiana aerial extracts on glucose absorption 
in freshly harvested rat jejunum was determined according to the 
method of Chukwuma and Islam[21]. The rat jejunum measuring 
about 20 cm from the pylorus was severed into 5 cm segments. 
The inner part of each segment was flushed with Krebs buffer 
containing 25 mM sodium bicarbonate, 5 mM potassium chloride 
(KCl), 1.2 mM potassium dihydrogen phosphate, 1.328 mM calcium 
chloride (CaCl2), 118 mM sodium chloride, and 1.2 mM magnesium 
sulphate. Then the jejunum pieces were inverted to expose the 
inner session before each was transferred into an 8 mL solution 
with varying concentrations of the extract (20-320 µg/mL) in Krebs 
buffer and 11.1 mM glucose. The reaction solution was incubated 
in a Steri-Cult incubator (Labotec, South Africa) at 37 曟 and 5% 
CO2 for 2 h. A solution with glucose and the buffer only served as 
the control and a 2 mL aliquot of reaction solution taken before and 
after the incubation period was used for intestinal glucose absorption 
estimation via the following formula:

Intestinal glucose absorption =
C1−C2

Length of jejunum (cm)

Where C1 = Glucose concentration (mg/dL) before 2 h incubation; 
C2 = Glucose concentration (mg/dL) after 2 h incubation.

2.8. Pancreatic lipase assay

  The activity of the leaf extracts on pancreatic lipase was determined 
according to the protocol described by Kim et al.[22] with orlistat as 
a reference standard. Briefly, 2 mg/mL porcine pancreatic lipase was 
prepared in a buffer solution containing 0.10 M morpholine propane 
sulphonic acid and 0.001 M ethylenediaminetetraacetic acid, pH 
6.8. Then, the enzyme solution (0.02 mL) was incubated with 0.17 
mL of Tris buffer (100 mM Trizma hydrochloride and 5 mM CaCl2, 
pH 7.0) and 0.02 mL of different concentrations of each extract for 
30 min at 37 曟. Five μL of p-nitrophenyl butyrate (prepared in 20 
mM dimethylformamide) was added to the mixtures in a 96-well 
microplate, and the reaction mixture was incubated at 37 曟 for an 
additional 5 min. The absorbance of 2, 4-dinitrophenol released from 
the reaction was read at 405 nm, and the enzyme inhibitory activity 
was expressed as: 

% Inhibition =
Absorbancecontrol−Absorbancesample

              Absorbancecontrol
×100

2.9. Tissue ex vivo studies

2.9.1. Preparation of pancreatic tissue homogenate
  About 1.5 g of pancreatic tissue was homogenized in a 15 mL 
solution of 10% Triton X and sodium phosphate buffer (50 mM, pH 
7.5). The resulting homogenate was centrifuged at 20 000 ×g for 15 
min in a refrigerated centrifuge at 4 曟. Afterward, the supernatant 
obtained was preserved at –80 曟 before biochemical analysis. 

2.9.2. Induction of oxidative pancreatic injury
  The induction of oxidative injury in pancreatic tissue homogenate 
was done according to Oboh et al.[23]. Briefly, 120 µL ferrous sulphate 
(0.1 mM) was added to a reaction mixture containing 300 µL tissue 
homogenate and 300 µL of increasing concentrations (20-320 µg/mL) 
of the extracts or gallic acid. The treatments were incubated for 30 
min at 37 曟, and after that, samples were taken for enzyme assay. 
The normal treatment contains only the tissue homogenate, while the 
untreated treatment contains the homogenate and FeSO4 pro-oxidant 
solution. 

2.9.3. Estimation of reduced glutathione (GSH) concentration
  The GSH concentration of tissue homogenate was measured using 
the procedure of Ellman[24]. A total of 100 µL of the homogenates 
was deproteinized with 300 µL of 10% trichloroacetic acid. The 
solution was centrifuged at 5 000 ×g for 5 min. Then, 100 µL of the 
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resulting supernatant was added to 50 µL Ellman’s reagent (0.5 mM) 
prepared in 0.2 M sodium phosphate buffer (pH 7.8). The mixture 
was incubated at 25 曟 for 30 min, and the concentration of 5′-thio-
2-nitrobenzoic acid produced from the reaction between GSH and 
5,5′-dithiobis (2-nitrobenzoic acid) was read at 415 nm. The amount 
of GSH in the sample was extrapolated from a standard curve with 
known GSH concentrations.

2.9.4. SOD assay
  The SOD activity in homogenate samples was estimated according 
to the method of Kakkar et al.[25] with slight modifications. A total of 
0.17 mL of 0.1 mM diethylenetriaminepentaacetic acid was added to 
0.015 mL of homogenate in 96-well microplates. Then, 0.015 mL of 
1.6 mM 6-hydroxydopamine was added to the mixture. Immediately, 
the absorbance of the reaction solution was read thrice at 1 min 
interval by a spectrophotometer set at 492 nm. 

2.9.5. Catalase assay
  The catalase activity in pancreatic tissue homogenate was 
determined using the method by Hadwan and Abed[26]. Briefly, 200 
µL of homogenate sample was added to 2 mL of H2O2 (65 µM) 
prepared in 6 mM sodium phosphate buffer (pH 7.4). The mixture 
was incubated for 2 min at 37 曟, and the reaction terminated with 
0.4 mL of 32.4 mM ammonium molybdate. The colored molybdate/
H2O2 complex formed was measured at 347 nm against a blank 
solution with only H2O2. 

2.9.6. Estimation of malondialdehyde (MDA) concentration
  The MDA concentration in the pancreatic homogenate was 
determined using a slightly modified method by Fraga et al.[27]. 
Briefly, 0.1 mL of homogenate was transferred to a mixture 
containing 0.1 mL sodium dodecyl sulfate solution (8.1%), 0.375 mL 
glacial acetic acid (20%), 1 mL thiobarbituric acid solution (0.25%) 
and 425 µL Milli-Q water. The mixture was boiled in a water bath 
for 1 h and then cooled to room temperature. The absorbance of 200 
µL of each sample was read in 96-well microplates at 532 nm, and 
MDA concentration was extrapolated from a standard curve with 
known MDA concentrations. 

2.9.7. Estimation of nitric oxide (NO) concentration
  The level of NO in the homogenate samples was estimated 
according to the method of Erukainure et al.[28] and Tsikas[29] using 
Griess reagent. Briefly, 150 μL of pancreatic homogenate was added 
to 150 µL of Griess reagent in 96-well microplates. The mixture 
was maintained in a dark chamber at room temperature for 30 min, 
and absorbance was measured at 546 nm against a blank containing 
distilled water instead of the homogenate.

2.9.8. Acetylcholinesterase (ACTh) activity assay
  The pancreatic ACTh activity was determined using the protocol 
described by Ellman et al.[30]. Briefly, 100 μL of treatment 

supernatant was added to 50 μL of 3.3 mM Ellman’s reagent (pH 
7.0) and 250 μL of 100 mM phosphate buffer (pH 8). The reaction 
solution was incubated at room temperature (25 曟) for 20 min. Then 
50 μL of 50 mM acetylcholine iodide was added to the resulting 
mixture before absorbance was measured immediately at 412 nm at 
3 min intervals.

2.9.9. ATPase activity assay
  The activity of the ATPase enzyme in treatment samples was 
estimated according to the previously modified method of 
Erukainure et al.[31]. Briefly, 0.2 mL of tissue homogenate was 
added to a mixture containing 0.2 mL of 5 mM KCl, 1.3 mL of 0.1 
M Trizma hydrochloride (Tris-HCl) buffer, and 40 µL of 50 mM 
ATP (adenosine 5′-triphosphate disodium salt). Then, the resulting 
mixture was kept on a shaker for 30 min at 37 曟 before the reaction 
was terminated with 1 mL of ammonium molybdate solution. A 1 
mL solution of freshly prepared ascorbic acid (9%) was added to the 
mixture and then incubated further for 30 min at room temperature 
(25 曟). The absorbance of the final solution was measured at 660 nm, 
and the activity of the ATPase enzyme was expressed as the amount of 
inorganic phosphate (µmol Pi) liberated/mg of tissue sample.

2.10. Gas chromatography-mass spectrometric (GC-MS) 
analysis

  The GC-MS characterization of the S. petersiana extracts was done 
with a Shimadzu gas chromatograph (series AOC-20i) coupled Mass 
Spectrophotometer (GCMS-QP2010 SE). Before the analysis, the 
methanol and aqueous extracts were derivatized, according to the 
method of Olofinsan et al.[18]. Then, the DCM extract, methanol, 
and aqueous silylated derivatives were analyzed using an Ultra-
pure helium carrier gas at a flow rate of 1.03 mL/min and linear 
velocity of 37 cm/s. The injector temperature was programmed at 
250 曟, and the oven temperature was set to 280 曟 from 60 曟 at the 
rate of 10 曟/min, with 3 min hold time. Then, 1 μL of the samples 
were injected in a splitless mode of a 20꞉1 split ratio. The mass 
spectrometer was operated in an electron ionization mode of 70 
eV and electron multiplier voltage of 1 859 V. Additionally, the ion 
source temperature was 230 曟 and the quadrupole temperature was 
150 曟. The solvent cut time was maintained at 3 min while the scan 
range was kept between 50-700 amu. The compounds present in the 
extracts were identified by directly comparing retention times and 
mass spectral data results with those stored in the NIST library. 

2.11. Molecular docking analysis

  The free binding energy (ΔG) of compounds identified in the 
extracts with digestive enzymes was calculated via molecular 
docking simulation. The SDF format of 3D chimeric structures of 
the compounds was obtained from PubChem and was prepared 
using the dock prep tool of UCFS Chimera V. 1.14. This software 
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removed co-crystallized water molecules and then added hydrogen 
atoms and gasteiger charges. 3D crystallographic structures of 
α-amylase, α-glucosidase, and pancreatic lipase with 1B2Y, 3CTT, 
and 1LPB access codes were retrieved from the protein data bank. 
The chimeric coordinates of the catalytic site were obtained using 
the CASTp automated online server. All the compounds identified 
in the leaf extracts were docked separately with each protein using 
the Lamarckian genetic algorithm of Autodock Vina software. The 
complex of the protein-ligand pose with the lowest ΔG was saved 
in PDB format and then visualized in 2D and 3D with the BIOVIA 
Discovery Studio software suite. 

2.12. Statistical analysis 

  Data collected from this study were expressed as mean±SEM of 
three independent experiments (n=3). The data were analyzed using 
a one-way analysis of variance (ANOVA) followed by Tukey’s 
HSD post hoc test. P<0.05 was considered significantly different. All 
statistical analyses in this study were computed with windows IBM 
SPPS version 26 (IBM Corp., Armonk, NY, USA). 

2.13. Ethical statement 

  Animal handling, maintenance, and processing of harvested 

tissue samples were carried out as per the approved guidelines 
of the Animal Research Ethics Committee (AREC), University 
of KwaZulu-Natal, Durban, South Africa (protocol number: 
AREC/00002325/2021).

3. Results 

3.1. Phytochemical content of S. petersiana

  The total phenolic and flavonoid content of S. petersiana leaf 
extracts were estimated as gallic acid and quercetin equivalents, 
respectively, as indicated in Supplementary Figure 1. While the 
DCM extract had a significantly higher flavonoid concentration 
(P<0.05) (Supplementary Figure 1A) compared with other extracts, 
its total phenolic content was significantly lower than those of the 
methanol and aqueous extracts (Supplementary Figure 1B). 

3.2. S. petersiana in vitro antioxidant properties

  In Figure 1A, the DCM extract showed significantly higher reducing 
power at 160 µg/mL and 320 µg/mL compared with other extracts 
(P<0.05). However, its higher IC50 value [(51.60±2.82) µg/mL] 
suggests a lesser ferric reducing antioxidant activity compared with 

Figure 1. (A) Reducing power, (B) OH∙ radical, and (C) DPPH radical scavenging activities of Senna petersiana leaf extracts. Values are presented as 
mean±SEM (n=3). Bars with different alphabets (a-d) for each concentration are significantly different from each other (P<0.05). DCM, dichloromethane. 

Figure 2. Effect of Senna petersiana leaf extracts on (A) α-amylase, (B) α-glucosidase, and (C) intestinal glucose absorption. Values are presented as 
mean±SEM (n=3). Bars with different alphabets (a-d) for each concentration are significantly different from each other (P<0.05).
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ascorbic acid [(11.10±1.78) µg/mL] as the standard compound in 
Supplementary Table 1. Moreover, in Figure 1B, all the extracts 
showed OH˙ scavenging ability at the test concentrations. The 
DCM extract [IC50=(44.70±0.76) µg/mL] demonstrated significant 
hydroxyl radical (OH˙) scavenging ability compared with methanol 
and aqueous extracts (Supplementary Table 1), which was 
comparable to that of gallic acid [IC50=(44.90±0.49) µg/mL]. In 
Figure 1C, the extracts showed dose-dependent DPPH mopping 
activities. Notably, the aqueous sample had significantly (P<0.05) 
higher free radical scavenging activity (40-320 µg/mL) with an 
IC50 value of (37.30±1.83) µg/mL, which, however, suggests 
lower potency compared with that of the standard compound 
[IC50=(23.20±0.76) µg/mL] (Supplementary Table 1).  

3.3. Effect of S. petersiana on carbohydrate digestive enzyme 
activities and intestinal glucose absorption

  Figures 2A and 2B display inhibitory effects of S. petersiana extract 
on α-amylase and α-glucosidase digestive enzymes. The DCM 
extract showed superior α-amylase inhibition with significantly 
higher activities at 160-320 µg/mL (Figure 2A). The significantly 
low IC50 value of the extract was observed compared with other 
extracts [(50.40±1.36) µg/mL], as shown in Supplementary Table 
1. Similarly, in Figure 2B, the DCM extract showed a remarkable 
dose-dependent α-glucosidase inhibitory effect (P<0.05) [IC50= 
(8.10±1.50) µg/mL] compared with the other extracts and acarbose. 
Although all leaf extracts showed the ability to lower intestinal 
glucose absorption with increasing concentrations, the DCM extract 

had better potency than others (P<0.05) (Figure 2C). 

3.4. Effect of S. petersiana on lipid digestive enzyme

  Figure 3 displays the in vitro pancreatic lipase inhibitory activity of 
the extracts. The activities of methanol and aqueous extracts were 
significantly higher than those of DCM extract and orlistat at 80-
320 µg/mL (P<0.05). However, as shown in Supplementary Table 
1, there were no significant differences between the lipase inhibitory 
capacities of the methanol and aqueous extracts of S. petersiana 
[IC50: (42.50±0.72) µg/mL and (42.00±1.36) µg/mL].
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3.5. Effect of S. petersiana on oxidative stress biomarkers in 
FeSO4 induced pancreatic injury

  Incubation of pancreas homogenate with FeSO4 led to a reduction 
in the tissue GSH concentration (Figure 4A) with decreased SOD 
(Figure 4C) and catalase (Figure 4B) activities. Additionally, Figure 
4D revealed a significant increase in MDA concentration in the 
untreated sample after oxidative imbalance induction. Treatment 
with the S. petersiana extracts, especially the DCM extract at 160-
320 µg/mL, increased GSH levels (Figure 4A). All the extracts 
caused a dose-dependent elevation of SOD activities (Figure 4C), 
but only the DCM extract and gallic acid had similar SOD activities 
to the normal group. In addition, all treatments increased catalase 
activities compared with the untreated group (Figure 4B).

3.6. Effect of S. petersiana on NO concentration in oxidative 
pancreatic injury

  Figure 5 shows that FeSO4 significantly elevated NO level (P<0.05). 
Treatment with plant extracts and gallic acid at 160-320 µg/mL lowered 
NO to a normal level. 

3.7. Effect of S. petersiana effect on ACTh activity in 
oxidative pancreatic injury

  In Figure 6, ACTh activity was increased significantly (P<0.05) 
after oxidative pancreatic injury induction. The plant extracts dose-
dependently decreased ACTh activity. At 160-320 µg/mL, all the 
extracts had similar ACTh activity to the normal group.

3.8. Effect of S. petersiana on ATPase activity in oxidative 
pancreatic injury

  FeSO4 treatment elevated ATPase activity (Figure 7). Treatment 
with the extracts resulted in a dose-dependent reduction in ATPase 
activity. The DCM and methanol extracts suppressed the enzyme 
activities better than the aqueous extract. 
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Table 1. Chemical compounds identified in Senna petersiana leaf extracts by 
GC-MS analysis.
Compound Retention time (min) Relative abundance (%)
DCM extract
Dihydroactinidiolide 12.444    0.31
Dihydrostilbestrol 14.913    1.34
n-Nonadecanol-1 15.239    7.50
Phytol, acetate 15.693    1.68
Methyl palmitate 16.604    0.23
Pentadecanoic acid 17.049    0.66
Phytol 18.433    5.33
1-Heptacosanol 19.191   5.40
Squalene 24.925 18.44
Methanol extract
Hexanoic acid    5.128   0.37
p-Vinylguaiacol    9.495   0.40
Phytol, acetate 15.676   1.22
Pentadecanoic acid 17.108   6.85
n-Nonadecanol-1 17.279   1.64
Phytol 18.431   3.63
Octadecanoic acid 18.991   2.23
Veratramine 20.785   0.32
Cassine 20.929 17.90
1-Heptacosanol 22.534   0.34
Squalene 24.806 12.06
Aqueous extract
Methyl alpha-D-
mannopyranoside

15.449 49.32

Phytol, acetate 15.671    2.48
Trans-geranylgeraniol 19.329    1.25
Cassine 20.994 22.88
Alpha-tocopherol 24.405   1.67
 

3.9. GC-MS chemical analysis of S. petersiana

  Table 1 shows bioactive phytochemicals identified in S. petersiana 
leaf extracts. Compounds such as dihydroactinidiolide and 
dihydrostilbestrol were mainly found in the DCM extract, while 
p-vinylguaiacol and veratramine were in the methanol extract. 
Additionally, GC-MS analysis shows the presence of methyl alpha-
D-mannopyranoside, alpha-tocopherol, and trans-geranylgeraniol 
in the aqueous extract. The structures of other vital compounds like 
cassine, squalene, and phytol acetate found in different leaf extracts 
are displayed in Supplementary Figure 2.
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in oxidative pancreatic injury. Values are presented as mean±SEM (n=3). 
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3.10. Molecular docking with digestive enzymes

  In silico molecular screening revealed that all compounds in the 

plant extracts have negative binding energies with carbohydrate and 

lipid digestive enzymes. Supplementary Table 2 indicates that the 

alkaloid veratramine had the highest affinity with α-amylase and 

lipase with calculated binding energies of −10.5 kcal/mol and −10.4 

kcal/mol, respectively. Amongst the compounds, dihydrostilbestrol 

bonded more strongly to α-glucosidase (−6.9 kcal/mol). The 2D 

inspection of the molecular forces responsible for stabilizing the 

protein-ligand complex of these compounds indicates the presence 

of hydrogen bonds, Van der Waals forces, pi-pi stacked bonds, and 

pi-sigma bonds, with other different interactions as presented in 

Supplementary Figure 3. 

4. Discussion

  Several studies have described oxidative stress as a mechanism 
that underpins chronic hyperglycemia-mediated pancreatic cell 
dysfunction in diabetic conditions[3]. Moreover, this organ’s low 
intrinsic antioxidant gene encoding capacity makes it vulnerable to 
free radical attack[8]. Interestingly, plant products have emerged as 
excellent sources of antioxidants with the ability to protect cellular 
macromolecules against oxidative damage, most especially under 
disease conditions[18,28,32]. The antioxidant protective properties 
of plants are associated with their bioactive chemical composition. 
The total flavonoid and phenol contents of S. petersiana leaf extract 
revealed that the plant has potential antioxidant bioactive molecules, 
some of which were also identified via GC-MS chemical analysis. 
Nevertheless, the higher total phenolics in the methanol and aqueous 
extracts may suggest the presence of more polar constituents. This 
observation is similar to the findings of Widyawati et al.[33] where 
polar leaf extract of a traditional herbal plant had higher total 

phytochemical content relative to non-polar extracts. 

  In an in vitro analysis of chemical compounds, antioxidant 

activities are usually determined by measuring its ability to reduce 

Fe3+ to Fe2+ and scavenge reactive free radicals such as superoxide 

anion, hydrogen peroxide, NO, etc. In this study, the antioxidant 

potential of S. petersiana extracts is evidenced by significant ferric 

reducing property, as well as DPPH and hydroxyl radical scavenging 

activities. Interestingly, the antioxidant activities of this plant may be 

attributed to the intrinsic chemical compounds found in its extracts, 

which need to be verified by future studies. The antioxidant potency 

of compounds such as alpha-tocopherol, cassine, and veratramine 

found in S. petersiana leaf extracts has also been described in 

previous studies[34,35].

  Glucose molecules required for energy generation in the human 

system are obtained mainly for dietary carbohydrates. This process is 

facilitated by catabolic digestive enzymes, which hydrolyze complex 

carbohydrate polymers into smaller monosaccharide units. Amongst 

these enzymes are α-amylase and α-glucosidase, which function 

in the digestive tract to enhance glucose released into the general 

blood circulation via intestinal absorption. Consequently, inhibition 

of these enzymes’ activities has been explored as a promising 

target in managing diabetes and its complications. In this study, 

the leaf extracts showed effective α-amylase and α-glucosidase 

inhibitory effects comparable with the standard antidiabetic agent 

acarbose. More importantly, the DCM extract displayed pronounced 

suppression of α-glucosidase activity, which was consistent with 

its significant reduction of intestinal glucose absorption. The low 

binding energy of dihydrostilbestrol and veratramine found in the 

extracts may suggest their role in the anti-diabetic properties of the S. 
petersiana leaf. Moreover, the formation of strong molecular forces 

between the compounds and the amino acid residues of the enzymes 

may further indicate better modulation. In support of the current 

study, the use of plant alkaloids and stilbenoid derivatives similar to 

those in leaf extracts in managing diabetes-associated physiological 

alterations has been well documented[36,37].

  While obesity is highly associated with T2D, one common 

approach to managing the former metabolic disorder is decreasing 

excessive energy intake via reducing intestinal absorption of dietary 

fat[22]. In this regard, phytochemicals that inhibit pancreatic lipase 

activity have been a primary therapeutic target, more importantly, 

due to their lesser side effects when compared with synthetic drugs. 

In the present study, S. petersiana extracts demonstrated anti-lipase 

activities with a lower IC50 value comparable to the orlistat drug. 

The negative binding energies of veratramine and other compounds 

present in the leaf with chimeric 3D structures of pancreatic lipase 

may indicate the involvement of these compounds in providing the 

plant with this biological activity. Consistent with our study, the 

anti-obesogenic activity of some senna species has been described 
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in other studies where the plants inhibited pancreatic lipase and 

cholesterol esterase enzymes[38].

  In normal physiological conditions, specific metabolic processes in 

the body generate non-lethal levels of some reactive radical species. 

However, the body’s antioxidant defense system components prevent 

these chemical entities from damaging cellular DNA, lipids, and 

protein components. One of such protective proteins is GSH present 

in all body cells. When this protein interacts with electron-deficient 

free radicals, it quenches their capacities to activate reaction cascades 

that may offset cellular redox homeostasis[2]. Similarly, SOD and 

CAT enzymes also perform antioxidant functions. When molecular 

oxygen accepts an electron, it forms a superoxide anion, which SOD 

transforms into H2O2, a substrate that CAT converts subsequently 

into water and oxygen molecules[39]. Fe2+ reaction with hydrogen 

peroxide in the Fenton reaction produced OH˙ radicals, which can 

attack membrane unsaturated fatty acids and thus triggers lipid 

peroxidation cascade[40]. Hence, the decrease in GSH level, SOD 

and CAT activities in the untreated group may suggest the depletion 

of cellular antioxidant reserves due to FeSO4 treatment. The extracts’ 

ability to increase CAT, GSH, and SOD activities may demonstrate 

the protective effects of the plant on redox imbalance in T2D models 

as similar to those of other plants reported in previous studies[7,28].

  Scientific findings have associated NO with vital physiological 

roles such as microvascular blood flow regulation, exocrine enzyme 

secretion, and endocrine insulin production in pancreatic tissues[41]. 

Despite these functions, excessive levels of the pro-inflammatory 

molecule have been described as one of the markers of redox 

imbalance in the pathology of acute pancreatitis[42]. Consequently, 

the ability of the leaf extracts to reduce NO levels may further 

credence the plant’s antioxidant properties via suppressing oxidative 

free radicals, as observed previously in the study. Similar to this 

study, an in vitro investigation by Djemgou et al.[10] revealed that 

chemical compounds isolated from S. petersiana leaf showed anti-

inflammatory properties in tissue culture. 

  Cholinergic signaling involving β-cells muscarinic acetylcholine 

receptors has been described in the pancreas’s metabolic functions 

and glucose homeostasis regulation. However, increased 

cholinesterase gene expression and activity have been implicated 

in apoptosome formation leading to programmed pancreatic β-cell 

death in chronic diabetic conditions[43]. The high ACTh activity 

after induction of oxidative pancreatic injury represents the possible 

adverse outcome of redox imbalance due to chronic hyperglycemia 

in T2D. The ability of the extracts to significantly suppress the 

cholinergic enzyme activity may suggest the cholinesterase 

inhibitory property and hence its possible use in the therapy of 

diabetic neuropathies linked with the enzyme. Interestingly, cohort 

studies with human subjects have revealed that cholinesterase 

inhibitors lowered mortality in patients with diabetes-mediated 

dementia[44]. 

  Purine enzyme signaling plays an integral role in insulin release 

from the pancreas. According to Owada et al.[45], the membrane 

depolarization resulting from β-cells Na+ K+-ATPase inhibition was 

described as a mechanism involved in glucose-stimulated insulin 

secretion. The high ATPase activity in the untreated group in this 

study may undermine effective membrane depolarization processes. 

Consequently, the reduction in enzyme activities after treatment with 

the extracts may demonstrate the leaf’s ability to improve insulin 

release in diabetic conditions, which needs further verification. 

  In conclusion, this study demonstrates that the S. petersiana leaf 

extracts possess antihyperglycemic and antioxidant activities, inhibit 

carbohydrate digestive enzymes and improve redox imbalance-

induced biochemical alteration in oxidative pancreatic injury. 

However, further in vivo studies are underway to properly understand 

the plant’s potential clinical benefits in diabetes management. 
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Supplementary Figure 1. (A) Total flavonoid and (B) total phenolic contents of Senna 

petersiana leaf extracts. Values are presented as mean ± SEM (n = 3). Bars with different alphabets 
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(a-b) are significantly different from each other (P < 0.05).  
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Supplementary Figure 2. Structures of chemical compounds of Senna petersiana leaf 

extracts. 
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Supplementary Figure 3. 2D and 3D molecular interaction images of Senna petersiana 



bioactive compounds that have highest binding affinities with catalytic site amino acid residues of 

carbohydrate and lipid digestive enzymes. 1 (A-B) Dihydrostilbestrol-α-glucosidase, 2 (A-B) 

veratramine-α-amylase and 3 (A-B) veratramine-lipase.  
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Supplementary Table 1. IC50 values of in vitro antioxidant and antidiabetic activities of Senna
petersiana extracts (μg/mL).

DCM Methanol Aqueous Ascorbic acid Gallic acid Acarbose Orlistat

FRAP 51.60 ± 2.82b 75.10 ± 2.21c 75.60 ± 1.62c 11.10 ± 1.78a ND ND ND

OH. scavenging 44.70 ± 0.76a 57.60 ± 2.88c 45.40 ± 3.19b ND 44.90 ± 0.49a ND ND

DPPH scavenging 60.60 ±1.64d 49.80 ± 1.60c 37.30 ± 1.83b ND 23.20 ± 0.76a ND ND

α-Amylase 50.40 ± 1.36a 52.80 ± 2.72b 56.40 ± 0.97b ND ND
71.30 ±

0.77c ND

α-Glucosidase 8.10 ± 1.50a 70.60 ± 1.49c 71.60 ± 1.16c ND ND
15.30 ±

2.73b ND

Lipase 52.30 ±1.52b 42.50 ± 0.72a 42.00 ± 1.36a ND ND ND 53.50 ± 1.08b

ND = Not determined. DCM: dichloromethane. Values represent mean ± SEM of three independent
experiments (n = 3). Different alphabets a-d in each row indicate significantly difference from each
other (P < 0.05).
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Supplementary Table 2. Senna petersiana bioactive compounds show high binding 

energies (ΔG) with digestive enzymes (kcal/mol). 

Compound α-Glucosidase α-Amylase Lipase 

Dihydrostilbestrol -6.9 -7.4 -7.9 

Squalene -4.1 7.6 -7.7 

Veratramine -4.7 -10.5 -10.4 

Cassine -6.4 -6.4 -7.2 

Trans-geranylgeraniol -6.3 -6.1 -7.6 

Alpha-tocopherol -4.9 -8.0 -8.1 

 

 

 

 

 


