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Abstract

Oxidative stress plays a central role in the progression of diabetes mellitus and its associated complications. Although the
therapeutic potential of individual phytochemicals has been widely explored, their synergistic e�ects with micronutrients re-
main largely unknown. In this study, we investigated the antioxidant and antidiabetic potential of para-coumaric acid (p--
CA) in combination with vitamin D and ribo�avin. Antioxidant activity was assessed using NBT, DPPH, and FRAP assays,
revealing superior e�cacy of the p-CA–vitamin D combination. In H2O2-induced oxidative stress in lymphocytes, the equi-
molar  p-CA–vitamin  D  combination  (P50+D50)  restored  superoxide  dismutase  and  catalase  activities,  reduced  malon-
dialdehyde levels and intracellular reactive oxygen species generation, and preserved normal cellular morphology. Further-
more, P50+D50 exhibited enhanced α-amylase and α-glucosidase inhibitory activities. �ese �ndings suggest that combin-
ing p-CA with vitamin D exerts synergistic antioxidant and antidiabetic e�ects and may represent a promising strategy for
mitigating diabetes-associated oxidativestress and its complications.
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Abbreviation

SEM-scanning electron microscope

NBT- Nitro Blue Tetrazolium

DCFH-DA- Dichloro�uorescein Diacetate

FRAP- ferric reducing antioxidant power

MDA-malondialdehyde
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1. Introduction

Diabetes and Oxidative Stress Intensify Each Other. �e studies carried out on the relationship of oxidative stress with diabetes
have played the role of a missing piece of the puzzle in the understanding of the mechanism by which diabetes and its associat-
ed complications occur. Free radicals are essential in cellular signaling, synaptic plasticity, memory formation, cell-cell interac-
tions, autophagy, cell growth, apoptotic events, and aging [1,2]. However, oxidative stress develops when the rate at which the
free  radicals  are  generated exceeds  the  cell's  antioxidant  capacity.  �e various  antioxidant  mechanisms the  cell  possesses  in-
clude enzymes such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPR), and glutathione reductase
(GR), as well as Glutathione as a reducing bu�er, which protects the cell against oxidative damage to a certain extent [3,4]. �-
ese free radicals  when generated in excess/  exceeds the antioxidants’  capacity can cause oxidative damage to proteins,  lipids,
and nucleic acids, producing toxic byproducts and resulting in tissue dysfunction. Oxidative stress is one of the major causes of
developing of various complications associated with diabetes and the development of insulin resistance [5,6]. �ere are at least
�ve major molecular mechanisms through which it can reduce peripheral insulin sensitivity. �ese include β-cell dysfunction,
in�ammatory responses, down regulation and localization of GLUT-4, mitochondrial dysfunction, and impaired insulin signal-
ing pathways [7].

On the other hand, as a reducing sugar,  glucose is suggested to have a role in the catalysis of the oxidative modi�cation and
crosslinking of proteins. Glycation induced by oxidative stress also plays a role in the enhanced production of free radicals, ulti-
mately leading to the fragmentation of proteins as well as the oxidation of the associated lipids. It is initiated with the oxidation
of an aldose or a ketose in the presence of metal ions to a more reactive dicarbonyl sugar and the generation of reactive oxygen
species  like  superoxide,  the  hydroxy  radical,  and  hydrogen  peroxide.  �e  dicarbonyl  sugar  reacts  with  protein,  whereas  the
byproducts cause oxidative damage to the neighboring molecules. Autoxidative Glycation increases with an increase in blood
glucose concentration [8,9].  Early Glycation products formed as a result of autoxidation Glycation undergo further chemical
rearrangement by free radical-mediated oxidation, leading to the formation of irreversible,  advanced Glycation end products
(AGEs). �ese AGEs tend to accumulate with time in structural proteins such as collagens, or they may induce covalent cross-
linking, resulting in the hardening of the vessel walls and a loss in their elasticity and permeability [10,11].

Numerous studies published in the past have indicated positive outcomes when using or treating patients with natural and her-
bal remedies [3,13].4 Hydroxycinnamic acid, p-coumaric acid (p-CA), is a phenolic acid found in fruits, vegetables, and mush-
rooms [12]. Its biosynthesis depends on the conversion of tyrosine into p-CA by tyrosine ammonia lyase. From there, p-CA is
transformed into phenolic acids like ca�eic acid, ferulic acid, sinapic acid, and other secondary metabolites like lignin and its
precursors [14]. Studies conducted have shown that p CA has a variety of bioactivities, including antioxidant, anti-in�ammato-
ry, anti-platelet aggregation, analgesic, anticancer, and neuroprotective activity [12]. One recent study in our lab showed the po-
tential antioxidant and antiglycation activity of p-CA among three isomers (ortho, Meta and para coumaric acid) [33]. Another
study in our lab suggested that the anti-glycation antioxidant and ant-�brillation e�ects of p-CA were found to increased when
used with vitamin-D [32]. Due to biological bene�ts, research is being conducted to see whether this compound can lessen, pre-
vent, or cure diabetes. On the other hand, vitamin D is a prohormone and a fat-soluble vitamin generated from 7-dehydroc-
holesterol in the skin under the in�uence of UV light. Regardless of the source from which it is derived, vitamin D needs to get
hydroxylated twice to be biologically active.  Vitamin D de�ciency can lead to severe outcomes such as low bone density,  in-
creased risk of hip fractures, non-vertebral fractures, etc. Vitamin D de�ciency was linked to insulin sensitivity or abnormal glu-
cose metabolism and diabetes [16]. Over the years, diabetes has been linked to vitamin D de�ciency. In the 1980s, it was report-
ed that insulin secretion was inhibited in rodents and rabbits due to vitamin D de�ciency. Later, with the discovery of VDR (Vi-
tamin D Receptor) and DPB (vitamin D Binding Protein) in the pancreatic tissue (insulin-producing β cells), it was proposed
as a possible therapeutic agent in the prevention and treatment of T1D and T2D [17]. �e active form of vitamin D (1, 25-dihy-
droxy vitamin D) stimulates islets of the Langerhans in the pancreas to secrete insulin by increasing the cytosolic concentration
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of Ca2+ ions, essential for its exocytosis from βcells. Recent animal and human studies have suggested that vitamin D can re-
duce diabetes risk. �is may be possible by several pathways, like direct stimulation of the beta cells through the VDR for in-
sulin secretion, the expression of the 1-α-hydroxylase enzyme in the βcells, and activation of human insulin gene transcription,
which may further improve insulin secretion. It was also reported that vitamin D could regulate the synthesis and secretion of
insulin by the cleavage of pro-insulin to insulin which is catalysed by a βcell calcium-dependent endopeptidase [18]. Another
important molecule is Ribo�avin (RF). Generally known as vitamin B2 is a water-soluble vitamin and is one such vitamin that
is  necessary  for  healthy  cellular  growth  and  development.  RF  is  found in  a  wide  range  of  dietary  products,  usually  as  �avin
mononucleotide (FMN) and �avin adenine dinucleotide (FAD).  Humans are susceptible  to developing RF de�ciency during
food restriction or physiological and pathological stress. �ese include growth retardation, anaemia, skin lesions, renal damage,
and degenerative  alterations in the neurological  system, among other  clinical  problems.  RF de�ciency has  been noted in the
elderly and those with eating disorders, diabetes, chronic heart disease, in�ammatory bowel disease, and HIV [19]. Recent re-
search has demonstrated that RF can shield tissues from oxidative damage in an alloxan-induced diabetic rat model [20]. RF de-
creases  myocardial  lipid  peroxidation,  leukocyte  in�ltration,  cytokine  production,  and  cardiac  allogra�  vasculopathy  in  a
mouse heart transplantation model [21]. Furthermore, it has been discovered that ribo�avin increases the survival rate of mice
with  endotoxin-induced sepsis  and gram-positive  and gram-negative  bacterial  infection  [22].  �erefore,  it  was  hypothesized
that combining p-CA with vitamin D and with ribo�avin could prevent diabetes related complication due to the cumulative da-
mage produced by ROS over time, in a better way than p-CA alone, expecting the e�ect being synergistic.

2. Materials and method

Materials

Vitamin D (Code-97389), Nitro Blue Tetrazolium (Code-48898), Ribo�avin (34392), α-amylase (28588), 2,7 Dichloro�uores-
cein  Diacetate  (85048),  p-nitro  phenol-a-D-glucopyranoside  (96226),  2,2-dipheny-1-picrylhydrazyl  (29128)  and  Histopaque-
-1077 were purchased from Sisco Research Laboratory India. α-glucosidase (CAS number 9001-42-7) was purchased from Sig-
ma  Aldrich,  India.  Para  coumaric  acid  (p-CA)  was  obtained  from  Koch-Light  Laboratory  Ltd  England.  All  other  chemicals
used were of analytical grade.

Methods

2.1. Antioxidant activity assays

2.1.1. NBT test

Generation of the superoxide anion was measured by the Nitro Blue Tetrazolium (NBT) assay with slight modi�cations [23].
50mM Phosphate Bu�er Saline, 1mM NBT, 1mM EDTA, and 0.06% triton X-100 were added to the experimental setup consist-
ing of 50 µM of p-CA, vitamin D and ribo�avin each alone and in combination with p-CA in the ratios 1:1. �e absorbance of
all samples was read at 560nm a�er 2 hours of incubation at room temperature.

2.1.2. DPPH radical scavenging activity

DPPH was also used to evaluate the antioxidant potential of the two compounds [24]. �e radical scavenging activity was deter-
mined using 1mM of DPPH solution. 300μL of DPPH solution was added to the experimental setup consisting of 50µM p-CA,
50µM vitamin D, 50µM ribo�avin, and synergistic mixtures of p-CA with vitamin D/ribo�avin in the ratios 1:1 was incubated
at room temperature for 30 minutes and read at 517nm.
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To calculate the scavenging activity of p-CA, following formula was used:

DPPH radical scavenging activity(%)

2.1.3. FRAP assay

�e  antioxidant  potential  of  p-CA-vitamin  D  and  p-CA-ribo�avin  was  also  assessed  using  the  Ferric  Reducing  Antioxidant
Power  assay  (FRAP assay).  �e method of  Muller  was  used  with  modi�cations  [25].  �e 2.5mL of  TPTZ solution (10mM),
25mL acetate bu�er (0.1M, pH 3.6), and 2.5mL FeCl3 were prepared and incubated at 370C for 10 minutes. �en 2mL of fresh-
ly prepared FRAP solution was added to the experimental set consisting of 50 µM p-CA, 50 µM vitamin D, 50 µM ribo�avin. In
case of combination study, p-CA and vitamin D and ribo�avin ratio (1:1) was incubated at room temperature for 10 minutes
and then reading was taken at 593nm.

2.2. Lymphocyte-based study

2.2.1. Isolation of Human lymphocytes:

In order to isolate lymphocytes, human blood was mixed with normal saline and Histopaque 1077 in a 1:1:1 ratio at room tem-
perature. �e mixture was centrifuged at 2400 rpm for 20 minutes, and a white bu�y layer of lymphocytes, just above Histo-
paque 1077, was obtained. �e cells were pelleted by centrifugation at 10000 rpm for 10 minutes and washed thrice with nor-
mal  saline.  �en,  the  lymphocytes  were  suspended in  normal  saline  to  make 5% (v/v)  cell  suspension.  A small  quantity  was
used to perform �uorescence microscopy, and the rest was processed further.

2.2.2. Treatment of Isolated Lymphocytes with H2O2 to Induce Oxidative Stress

�e healthy  control  lymphocytes  were  incubated with  PBS.  Stressed  control  lymphocytes  were  incubated with  H2O2.  Other
samples were prepared by adding H2O2 along with 50 µM p-CA, 50 µM vitamin D, 50 µM ribo�avin alone, and in combina-
tion of p-CA with vitamin D as well as with ribo�avin in ratio 1:1 and incubated for 1 hour at 37o C. �e lymphocytes were cen-
trifuged at 12000 rpm for 10 minutes a�er the H2O2 treatment, and the pellets were collected and resuspended in lysis bu�er
(0.2% Triton X-100, 100mM NaCl, 1mM EDTA, and 20mM Tris HCl, pH 7.4) and incubated at 400C for 20 minutes. �e sam-
ples were centrifuged again at 12000 rpm for 10 minutes. �e supernatants were collected and �nally quickly frozen for further
study.

2.2.3. SOD activity analysis

�e method based on the auto-oxidation of pyrogallol was used [26]. Tris succinate bu�er (0.05M, pH 8.2) was added to 50μL
of lysate samples and was incubated at 250C for 20 minutes. �en 0.1 mL of 8mM pyrogallol was added to the sample mixture,
and absorbance was taken at 412 nm every 30 seconds for 3 minutes using a spectrophotometer.

2.2.4. Catalase activity assay

It is an indirect method for estimating ROS generation, which is inversely proportional to the enzyme catalase activity [27]. �e
7 samples were added to 0.05M (pH 7.0) potassium phosphate bu�er and 30 mM H2O2. �e absorbance was recorded at 240
nm every 30 seconds for 2 minutes.

2.2.5. Lipid peroxidation

It was performed using the method of Beuge and Aust to determine the extent of lipid peroxidation [28]. H2O2 causes the oxi-

= 𝐴 −𝐴
𝐴

x 100control

control

sample
(1)
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dation of lipids, forming aldehydic compounds like malondialdehyde (MDA), which reacts with TBA reagent, forming thiobar-
bituric  acid  reactive  substances  (TBARS).  �e amount  of  TBARS present  was  determined using  the  molar  extinction coe�-
cient,  1.56 × 10-5 M-1 cm-1 for the MDA–thiobarbituric acid-colored complex. TBA (0.6%) and TCA (0.3%) were added to
100µL of lysate samples. �e samples were heated in the water bath at 1000C for 20 minutes and then centrifuged at 10000 rpm
for 10 minutes. �e absorbance was recorded at 535nm.

2.2.6. Dichloro�uorescein Assay (DCFH-DA)

DCFH-DA staining and microscopy were performed to measure the intracellular ROS in isolated lymphocytes [29]. It is based
on forming 2, 7- dichloro�uorescein (DCF), a �uorescent compound from non-�uorescent DCFH-DA in the presence of ROS.
10μM of DCFH-DA was added to the samples containing 100μl of treated lymphocyte suspension. �e reaction mixture was in-
cubated for one hour at 370C. Pictures were captured using a �uorescence microscope-attached camera.

2.2.7. Scanning electron microscopy (SEM)

Suspensions of unwashed, untreated, or treated cells in 0.82% NaCl were incubated for 20 minutes at 220C. �e cells were �xed
in 2.5% glutaraldehyde in PBS for 1 hour at 40C. �e cells were centrifuged and washed with PBS at room temperature. �ere-
a�er, the cells were dehydrated using a graded series of ethyl alcohol and layered on glass slides. �en, the metal stubs bearing
the dried specimens were coated with gold. A scanning electron microscope was used to observe the cell surface.

2.3. Antidiabetic properties

2.3.1. ɑ -Glycosidase inhibitory activity

With a few modest changes, the substrate p-nitro phenol-ɑ -D-glucopyranoside (pNPG) was used to measure the inhibitory ac-

tivity of the -glycosidase enzyme [30]. Brie�y, samples and acarbose (a positive control) were mixed with ɑ-glycosidase (1.25
U/mL) in sodium phosphate bu�er (20 mM, pH 6.9) and pre-incubated for 10 min at 37 °C. �e reaction was initiated by the
addition of the substrate pNPG, and the mixture was then incubated at the same temperature for 10 min. When 0.1M Na2CO3
was added to terminate the reaction, the amount of produced p-nitrophenol (a yellow product) was measured spectrophotomet-
rically at 405 nm. Using equation (2), the percent inhibition of enzyme activity was calculated.

Inhibition (%) = [(ODcontrol–ODsample)/(ODsample)]×100                                                  (2)

2.3.2. Alpha-amylase activity inhibition

�e procedure previously described was used to measure the activity of ɑ-amylase [30]. Acarbose (used as a positive control) or
the enzyme (5 U/mL) were mixed with 360 μL of sodium phosphate bu�er (0.02 M, pH 6.9 with 6mM NaCl) and 200 μL of the
sample using various concentrations before being incubated at 37 °C for 20 minutes. 300 μl of starch solution (1% in sodium
phosphate bu�er, pH 6.9) was added to the reaction mixture and incubated for 20 min. 200 μl of 3,5-dinitro salicylic acid was
added to the mixture to stop the process, and it was then heated for �ve minutes and cooled to room temperature. A�er being
diluted with 10 ml of pure water, it was �nally read at 540 nm. �e calculation was done using Equation 2.

3. Statical analysis

All experiments were carried out in triplicates. Statistical analysis was done with the help of Graph Pad Prism 8.0.2. One-way
ANOVA was followed by the Bonferroni multiple comparison test. * Presenting the signi�cant di�erent from P50 at p ≤ 0.05.
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4. Results

�is experiment measured the generation of reactive oxygen species (ROS) using an NBT assay. �e results presented in (Fig-
ure 1) show that the highest level of ROS was detected in the sample treated with ribo�avin alone. Minimum production of su-
peroxide radicles was observed in p-CA and vitamin D equimolar combination compared to the combination with ribo�avin.

Figure 1: Shows the superoxide radicle generation in samples with p-CA, vitamin D, ribo�avin alone, and combinations of p--
CA with vitamin D and ribo�avin (ratio 1:1). * indicating signi�cantly di�erent from P50 at p≤ 0.05.

4.1. DPPH

�e DPPH assay is a commonly used method to measure the radical scavenging activity of a compound by assessing its ability
to reduce a stable free radical, DPPH, accompanied by a loss in its violet color. �e results are expressed as the percentage of
radical scavenging activity. (Figure 2) presents the radical scavenging activity of the samples p-CA, vitamin D, ribo�avin, and
the combinations in the ratios of 1:1. �e results indicate that the sample with a ratio of P50+D50 (1:1) showed the highest radi-
cal scavenging activity, which was signi�cantly higher than P50+R50 and alone concentrations.

Figure 2: Is showing the percent radical scavenging activity of alone as well as combinations. * indicating signi�cantly di�erent
from P50 at p≤ 0.05.

4.2. FRAP

�e FRAP assay is commonly used to determine the antioxidant capacity of a compound by measuring its ability to reduce a
complex of Ferric iron and TPTZ to its ferrous form. �is reduction reaction results in a blue color that can be detected by mea-
suring the increase in absorbance at 593 nm. �e results indicate that the sample with a P50+D50 (1:1) ratio had the highest ab-
sorbance at 593 nm, indicating the maximum antioxidant potential among the tested samples.
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Figure 3: shows the FRAP of the samples p-CA, vitamin D, and ribo�avin alone and their combinations in ratio (1:1). * indicat-
ing signi�cantly di�erent from P50 at p≤ 0.05.

4.3. SOD assay

Superoxide dismutase (SOD) is an enzyme that is critical in protecting cells from oxidative damage by breaking down reactive
oxygen species. SOD activity can be measured by inhibiting the auto-oxidation of pyrogallol in the presence of molecular oxy-
gen in an aqueous or alkaline medium. �e results indicate that the supernatant of P50+D50 (1:1) treated lymphocytes possess
the highest SOD activity compared to other samples.

Figure 4: Presenting the SOD activity in samples categorized as healthy, stressed, and treated with p-CA, vitamin D, ribo�avin
and their combinations in ratio of (1:1). * indicating signi�cantly di�erent from P50 at p≤ 0.05.

4.4. Catalase Assay

�e activity of catalase was measured by monitoring the decrease in H2O2 concentration. �e samples treated with p50, D50,
and R50 have shown less activity, while P50+D50 sample (1:1) showed higher catalase activity (Figure 5). Combination of p-CA
with ribo�avin also restored the catalase activity.

Figure 5: Depicts the catalase activity in healthy, stressed samples and sample treated with p-CA, vitamin D ribo�avin alone,
and their combinations in ratio of (1:1). * indicating signi�cantly di�erent from P50 at p≤ 0.05.

4.5. MDA Level

�e MDA assay was conducted to assess the level of lipid peroxidation in lymphocyte lysate induced by oxidative stress �e re-
sults  indicated  that  the  treated  samples  had  lower  MDA production than the  stressed  sample.  Moreover,  the  sample  treated
with P50+D50 in a 1:1 ratio demonstrated the most least MDA production among the treated samples (Figure 6).
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Figure 6: Is presenting the MDA concentration in healthy, stressed, and treated samples. * indicating signi�cantly di�erent
from P50 at p≤ 0.05.

4.6. DCFH-DA

�e DCFH-DA assay was used to measure intracellular ROS levels. In (Figure 7A), the stressed lymphocytes showed the high-
est �uorescence, indicating high levels of ROS production. Native (Figure 7B) is showing signi�cantly less �uorescence. Treat-
ment with p-CA and vitamin D equimolar combination resulted in a signi�cant decrease in ROS production and negligible �u-
orescence, indicating e�ective inhibition of intracellular ROS production (Figure 7C). P50+R50 reduced the intensity but less
than P50+D50 (Figure 7D).

Figure 7: Is showing (A) Healthy Lymphocytes (B) Stressed lymphocytes (C) treated with P50+D50 (D) treated with P50+R50
(1:1).
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4.7. SEM

Scanning electron microscopy was used to observe the morphology of lymphocytes at x10000 magni�cation. �is allowed for a
detailed analysis of the surface features and structures of the lymphocytes. �e disrupted morphology (Figure 8B) of the lym-
phocyte observed in the stressed lymphocytes was signi�cantly restored in the treated lymphocytes (8C and 8D). �is is probab-
ly the result of a protective e�ect provided by p-CA and vitamin D when used in the ratio (1:1).

Figure 8: Is showing (A) Control (untreated) lymphocytes. (B) Lymphocytes in stressed conditions. (C) Lymphocytes were in-
cubated with p-CA and vitamin D (1:1) (D) treated with p-CA and Rf (1:1) ratio for 2 hours at 37 °C. Red arrows indicate the

disrupted morphology of lymphocytes due to membrane damage.

4.8. α-glucosidase inhibition

α-glucosidase inhibition assay was carried out to test the antidiabetic potential of the compound alone and in combinations. Α-
glucosidase acts on α-1, 4 glycosidic linkages and releases glucose, thereby increasing glucose concentration in blood. A promis-
ing  antidiabetic  compound should  be  able  to  inhibit  this  enzyme to  prevent  the  increased  glucose  concentration.  It  was  ob-
served that the sample (1:1), i.e., P50+D50, showed maximum inhibition of the enzyme compared to other treated samples (Fig-
ure 9).
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Figure 9: illustrates the α-glucosidase inhibition (%) in acarbose (control) and samples carrying p-CA, vitamin D, and ri-
bo�avin alone and their combination in the ratios (1:1). * indicating signi�cantly di�erent from P50 at p≤ 0.05.

4.9. Alpha-amylase activity inhibition

Alpha-amylase is a signi�cant carbohydrate catabolizing enzyme that plays a signi�cant role in metabolism homeostasis. Inhibi-
tion of this enzyme activity is directly linked to blood sugar level control. Although P50, D50, R50, and the equimolar combina-
tion of p-CA and ribo�avin have amylase activation inhibition potential, P50+D50 exhibited the highest inhibition, as depicted
in (Figure 10)

Figure 10: Is depicting the α-amylase inhibition (%) in acarbose (control), and samples carrying p-CA, vitamin D, ribo�avin
alone and their combination in the ratios (1:1). * indicating signi�cantly di�erent from P50 at p≤ 0.05.

5. Discussion

Free radicals are produced by immune cells and by metabolic reactions. �ey play an important role in maintaining biological
homeostasis. However, when the production of free radicals exceeds the antioxidant capacity of the system, it leads to oxidative
stress.  Free radicals include reactive oxygen species (ROS),  reactive nitrogen species (RNS),  and iron and copper ions.  �ese
highly reactive elements have unpaired electrons that can interact with other biomolecules and cause damage, such as oxidizing
proteins, lipids, and nucleic acids, leading to toxic byproducts and tissue dysfunction. �e body has an intrinsic defense mech-
anism against oxidative stress that involves various enzymes, such as superoxide dismutase (SOD), catalase (CAT), GPR, GR
and GSH as the reducing bu�er. �ey work together to neutralize free radicals and maintain a healthy balance in the body. Vita-
min D also plays a crucial role in glucose metabolism via regulating insulin function. It has been linked to diabetes for many
years.  �e discovery  of  vitamin D receptors  and related proteins  in  pancreatic  tissue  and immune cells  further  supports  the
idea of vitamin D as a possible therapeutic agent for both type 1 and type 2 diabetes.

�e antioxidant potential of p-CA and vitamin D, ribo�avin individually and in combinations (1:1), was evaluated using NBT,
FRAP, and DPPH assays. �e results indicated that the combination of the two compounds produced an enhanced antioxidant
e�ect,  as  evidenced  by  increased  radical  scavenging  values  in  the  sample  with  a  1:1  ratio  (P50+D50)  and  (P50+R50)  in  the
DPPH assay, as well as increased absorbance of the same sample in the FRAP assay. �e lowest ROS generation was observed
in the sample containing both compounds in a 1:1 ratio (P50+D50) during the NBT assay. �e protective e�ect of p-CA and vi-
tamin  D  in  combination  on  human  lymphocytes  against  the  free  radicals  generated  by  H2O2  was  assessed  by  performing
DCFH-DA assay, Malondialdehyde (MDA) estimation assay, Catalase (CAT) and Superoxide dismutase (SOD) assay, etc. We
observed that the levels  of  the generated ROS were signi�cantly reduced in the group containing both p-CA and vitamin D.
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ROS generation was the highest in R50 alone. �is was evident by the reduced levels of DCF and MDA and increased catalase
and superoxide dismutase enzyme activity.

�e a-glucosidase inhibition assay was utilized to assess the antidiabetic potential of p-CA alone and in combinations of 1:1,
1:2, and 1:3 with vitamin D. �e results indicated that the sample P50+D50 exhibited the most e�ective antidiabetic potential,
as evidenced by its highest a-glucosidase inhibition value (%). Scanning electron microscopy was employed to investigate the
morphology of lymphocytes at a magni�cation of x10000, providing a comprehensive examination of the surface features and
structures of the lymphocytes in healthy, stressed, and treated conditions.

6. Conclusion

Although alone concentrations were found to alleviate the damage by improving oxidative stress, overall results of this study
suggested that the combination of p-CA and vitamin D may have therapeutic potential in the treatment of diabetes and other
age-related disorders as they both intensify the therapeutic potential of each other through reduction of oxidative stress.
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