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 Abstract 
Persistent hyperglycemia and related consequences, such diabetic foot ulcers 
(DFUs), are hallmarks of diabetes mellitus (DM), that dramatically raise the 
risk of morbidity and mortality among the diabetic individuals. Multidrug-
resistant organisms such as Staphylococcus aureus (S. aureus) are commonly 
found in DFUs, which makes treatment more difficult with current antibiotics. 
A possible remedy is curcumin, a polyphenolic substance having antibacterial 
qualities. Its bioavailability is increased when it is administered using Self- 
Emulsifying Drug Delivery Systems (SEDDS). 
Methodology: A six-month cross-sectional experimental study was carried out 
to check the antibacterial activity of SEDDS loaded curcumin. SEDDS loaded 
with curcumin (cu-SEDDS) were made with a variety of oils, co-surfactants, 
and surfactants. A Zetasizer was used to characterize the formulations for 
droplet size, zeta potential, and polydispersity index (PDI). Agar well diffusion, 
minimum inhibitory concentration (MIC), and minimum bactericidal 
concentration (MBC) techniques were used to measure antibacterial activity. 
Results: The most effective cu-SEDDS formulation against S. aureus was F1, 
which exhibited the lowest MIC value (0.0507 ± 0.02 µg/mL) and a 
significant inhibition zone (14 ± 1 mm) among the five. Characterization 
showed that F1 was stable with a zeta potential of -2.34 mV, a PDI of 0.089, 
and a droplet size of 490.3 nm. The antibacterial efficacy of formulations 
varied F1 has better activity than others. 
Conclusion: Curcumin-loaded SEDDS formulations offer a novel 
 and effective approach to managing DFU-associated S. aureus infections. 
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INTRODUCTION 
Diabetes mellitus (DM) is a metabolic disorder 
characterized by persistent hyperglycemia due to 
insulin insufficiency or malfunction (1). This 
condition, if uncontrolled, leads to organ 
damage and failure, including diabetic foot 
ulcers (DFUs) vulnerable to Gram-positive 
infections. Addressing these complications is 
crucial, given DM's global prevalence. The 
projected global count of individuals with 
diabetes is set to reach 592 million by 2035, 

comprising 10% of the worldwide prevalence. 
Notably, gestational diabetes affects 21 million 
women, with an escalating annual rate. 
Moreover, approximately 175 million cases of 
undiagnosed diabetes exist 
(2). North Africa and the Middle East exhibit the 
highest diabetes prevalence (10.9% in adults), 
while the Western Pacific region displays the 
most significant caseload and incidence rate 
(37.5%). Varied diabetes classifications have 
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been compared based on genetics, diagnostics, 
criteria, and causative factors (3). 
Patients with DM face various complications, 
notably diabetic foot ulcers (DFUs), a prevalent 
concern leading to heightened mortality and 
amputation rates. DFUs, once initiated, 
frequently progress, elevating amputation risks. 
Amputation rates are fifteen-fold higher in 
diabetic patients than non-diabetics (4). Global 
DFU prevalence is approximately 6.3%. 
Regionally, Asia, North America, Europe, Africa, 
and Oceania report rates of 5.5%, 13.0%, 6.5%, 
5.1%, and 3.0%, respectively. In the United 
States, 15-25% of diabetes patients develop 
DFUs, while Pakistan's National Diabetes Survey 
notes a 4-10% prevalence, escalating ulcer and 
amputation risks (5,6). DFUs can deteriorate, 
affecting bones if untreated, with Wagner 
classification gauging severity based on ulcer 
depth, osteomyelitis onset, and gangrene (7). 
Diabetic foot ulcers (DFUs) host a diverse 
microbe mix, including Enterococcus spp., 
Staphylococcus spp., Acinetobacter spp., and 
Klebsiella spp., often from patient flora. Tissue- 
destructive microbes like Proteus, Pseudomonas, 
and Enterococcus spp. worsen DFU conditions. 
Citrobacter spp. prevalence in DFUs is around 
10%, less in non-DFUs. Pseudomonas, 
Staphylococcus, and Acinetobacter spp. are 
common in both DFUs and non-DFUs, 
contributing to chronic infections (8). S aureus 
and Streptococcus species dominate diabetic 
foot infections  (DFIs), with MRSA strains 
comprising 33% of isolated microbes (9,10). 
MDROs, associated with prolonged antibiotic 
use, prevail in up to 70% of cases, while 
multidrug-resistant Pseudomonas aeruginosa is 
linked to prolonged antimicrobial use (11,12). 
MDROs extend hospital stays and may elevate 
amputation risks (13,14). Studies underscore 
MDRO spread risks but further research is 
needed for clinical outcomes and interventions 
(14). 
Abundant in plants, polyphenolic compounds 
are traditional antimicrobial agents with 
therapeutic potential. They include ellagic acid, 
chlorogenic acid, rutin, and catechin, proven 
effective against diseases like diabetes, cancer, 

and cardiovascular issues (15). Compounds in 
tea, turmeric, berries, and dark chocolate offer 
antioxidant benefits but face limited 
bioavailability, spurring research into 
biotransformation to enhance absorption (16). 
Turmeric consists of 6.3% protein, 5.1% fats, 
3.5% minerals, 69.4% carbohydrates, and 13.1% 
moisture. Its rhizome yields 5.8% essential oil, 
with curcumin at 3-4% providing its yellow color 
(17). Curcumin, a non-flavonoid phenol, is the 
active member of curcuminoids derived from 
Curcuma spp. roots. These compounds, 
including demethoxy-curcumin and bis-
demethoxy- curcumin, have been researched for 
their therapeutic properties since 1991 (18). 
Curcumin combats hyperglycemia by reducing 
oxidative stress and enhancing glucose transport, 
insulin secretion, and pancreatic function (19, 
20). 
It demonstrates in-vitro antimicrobial activity 
against various microorganisms, affecting 
bacterial virulence and biofilm formation (21). 
Although its inhibitory activity requires higher 
concentrations, curcumin shows potential for 
synergy with antibiotics against resistant strains. 
Amid the rise of antibiotic resistance, curcumin 
analogs are being explored for enhanced activity 
(22). Curcumin's impact on insulin sensitivity 
involves multiple pathways, including glucose 
homeostasis and lipid metabolism (23). Lipid-
based formulations used in self-emulsifying drug 
delivery systems (SEDDS) allow hydrophobic 
drugs to dissolve in the gastrointestinal tract (24). 
This study investigates Curcumin-loaded Self-
Emulsifying Drug Delivery Systems (SEDDS) as 
a potential solution against Gram-positive 
bacteria in DFUs, contributing to enhanced 
therapeutic strategies for DM-related challenges. 
 
MATERIAL AND METHODS 
Study Overview 
Conducted at the Microbiology Lab of the IPDM 
department, Khyber Medical University 
Peshawar, this six-month cross-sectional 
experimental study investigated the 
microbiological profile of diabetic foot ulcers. 
The study, initiated after ASRB approval, 
focused on patients with diabetic foot ulcers in 
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the Endocrinology department of Hayatabad 
Medical Complex Peshawar. Ten samples were 
meticulously collected from open wound lesions 
after surface cleaning with saline solution and 
swabbing. The collected samples were promptly 
transported in specialized media to the lab for 
analysis. This research aimed to contribute 
insights into the microbial composition of 
diabetic foot ulcers, utilizing a cross-sectional 
experimental approach in a clinical setting. 
 
SEDDS: preparation of formulations 
At first, blank SEDDS formulations were made 
by modifying the excipient component in their 
composition in context with the protocol 
described earlier with some interventions. To do 
this, various excipients (oils and surfactants and 
co-solvents) were measured, vortexed and 
homogenized, and then sonication was used for 
30 min. Dynamic light scattering was utilized to 
evaluate the mean droplet size, polydispersity 
index (PDI), and zeta potential of the generated 
emulsions using a Zeta sizer with an E field 
quality of 10 v/cm and a frequency of 650 
nm.For this purpose, different concentrations of 
excipients such as Captex 355, Captex 300, 
DMSO, Tween 80, Cremephor RH40, 
Cremephor EL, Capmul PG-8 were used to make 
5 different formulations. 
 
Characterization of curcumin loaded SEDDS: 
Curcumin loaded self-emulsifying drug delivery 
system (cu-SEDDS) was prepared using vortex 
mixing and homogenization (25). Five 
formulations of 10mg curcumin each were 
created for cu- SEDDS, guided by PDI, zeta size, 
and zeta potential of blank formulations. 
Surfactant, co- surfactants, and oils were mixed 
to form a homogenized mixture. 1% (10mg) 
curcumin was added to each formulation, 
followed by centrifugation at 13000rpm. These 
formulations were then evaluated against 
isolated bacteria. 
 
Agar well diffusion method 
The antibacterial activity of cur-loaded SEDDS 
was assessed using the agar well diffusion 
method. The procedure involved seeding 

Muller Hinton agar plates with bacterial 
suspensions 
 (0.5 McFarland) using the streaking technique. 
Plates were punctured to create wells (6-8mm in 
diameter), and 200 µl of diluted cu-SEDDS 
formulation was added to each well. Distilled 
water (200 µl) served as the negative control. 
Each plate also contained an antibiotic disk. 
After 24 hours of incubation at 37°C, inhibition 
zones were measured in millimeters around the 
wells to determine the antibacterial effectiveness. 
 
Minimum inhibitory concentration (MIC) 
MIC (Minimum Inhibitory Concentration) 
represents the lowest effective substance level for 
inhibiting visible organism growth. The micro 
broth dilution method, performed in a 96-well 
plate, was utilized here. Each well contained 
uniform broth and inoculum quantities, while 
the concentration of antibacterial agents varied. 
This technique is fundamental for testing 
antimicrobial susceptibility. It involves two-fold 
dilutions of antimicrobial solutions (e.g., 1µg, 
2µg, 4µg, 8µg, 16µg, 32µg)/µl in broth, often in 
2ml tubes or 96-well plates (25). 
For clarity, 500µl of MHB (Mueller Hinton 
Broth) was added to separate tubes, and 1000µl 
stock solutions of each formulation were diluted 
to create concentrations following a pattern 
(5000, 2500, 1250, 625, 312.5, 156.25, 78.12, 
39.06, 19.53, 9.76) μg/μl. 
Creating a standardized bacterial inoculum is 
essential for accurate MIC results. Isolated 
colonies from an overnight agar plate were 
dissolved in saline or broth. The suspension was 
standardized to 0.5 McFarland, containing 
1.5×10^8 CFU/ml. A portion (0.1mL) was 
mixed with 
9.9mL of broth to create a cell density of 1×10^6 
CFU/ml. Adding this to wells with antimicrobial 
solution resulted in the desired 5×10^5 CFU/ml 
concentration. 
 
Minimum bactericidal concentration (MBC) 
MBC (Minimum Bactericidal Concentration) 
assessment follows the determination of MIC 
and reveals the lowest concentration of an 
antibacterial agent needed to completely 
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eliminate bacteria. Unlike MIC, which indicates 
growth inhibition, MBC confirms the lethal 
impact of the agent. In this study, the procedure 
involved placing a drop of culture mixed with 
curcumin- loaded formulation from the MIC 
well onto a blood agar plate. Positive and 
negative controls from the MIC plate were also 
added. After streaking and incubating at 37ºC 
for 24 hours, the plate was examined for visible 
growth. Bactericidal effects were indicated by the 
absence of visible growth, demonstrating the 
effectiveness of the cur-loaded formulations. 
 
Isolation and identification of bacterial isolates 
S. aureus displayed distinct characteristics 
round, smooth, convex colonieson Nutrient 
agar, and round golden beta hemolytic colonies 
on Blood agar. Mannitol salt agar, where 
fermentation of mannitol resulted in yellow 
colonies surrounded by clear zones. 
Confirmation of bacterial identity commenced 
with Gram staining, revealing the retention of 
the purple color indicative of Gram-positive 
nature. Further refinement of identification 
utilized biochemical tests including the catalase 

test, which demonstrated positivity through 
bubble formation upon mixing a colony with 
hydrogen peroxide. Additionally, the coagulase 
test exhibited positive outcomes with the 
formation of clumps when colonies interacted 
with plasma on a glass slide. Collectively, these 
techniques aided in the precise identification of 
S. aureus from pus samples extracted from 
diabetic foot ulcers, employing a comprehensive 
approach encompassing Gram stain, colony 
morphology, and biochemical assessments. 
 
Preparations of curcumin loaded SEDDS 
The development of curcumin-loaded Self-
Emulsifying Drug Delivery Systems (SEDDs) 
involved the incorporation of oils, surfactants, 
and co-surfactants in combination with 10mg of 
curcumin per formulation. To achieve 
uniformity, each formulation was vortex mixed 
to attain a homogenized mixture. Multiple 
variations of cu-loaded SEDDs were prepared, 
each with specific concentrations of excipients, 
as outlined in the table 1 below. 

 
Table.1 Represents different formulations of cu-loaded SEDDS and their compositionList of excipients: 
Polyethylene glycol (PEG), Tetra-ethylene glycol (TEG), Dimethyl sulfoxide (DMSO), Caprylic acid (CA). 

Formulations % 
Excipients(%) F1 F2 F3 F4 F5 
Capmul 12 25 30 - - 25 
Creme RH40 30 - - 35 - 
Creme EL - 25 - - - 
CA - - 10 10 - 
TEG 25 - - - 25 
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Characterization of cu-loaded SEDDS 
To comprehensively assess the characteristics 
of the developed formulations, a commercially 
available Zeta sizer (Malvern) was employed. 
This analytical tool facilitated the 
determination of crucial parameters including 
particle size, zeta potential of the droplets, and 
the polydispersity index (PDI). The zeta 
potential data were particularly instrumental 

in evaluating the optimal cu- loaded 
formulation. The measurements were 
conducted in triplicate to ensure accuracy and 
reliability. The obtained results will play a 
pivotal role in guiding the selection of the 
most suitable formulation for further studies, 
based on its particle size distribution, zeta 
potential, and overall uniformity as reflected 
by the PDI value presented in Table 2. 

 
Table.2 Table represents zeta size and zeta-potential of the cu-loaded SEDDs formulations. 
 

 

Castor oil - - 20 - - 
Black seed oil - - - - 30 
PEG 20 - 25 25 - 
Captex 300 - 25 - - - 
Captex 355 - - 35 20 - 
DMSO - 20 - - - 
Tween 80 - - 10 10 - 
PEG400 - - - - 20 
Curcumin 1 1 1 1 1 
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Fig.1(a) Zeta size of the formulation F1           Fig.1(b) Zeta potential of formulation F1 
 
 

 
 
                Fig.2 (a) Zeta size of formulation F2Fig.2                           (b) Zeta potential of formulation F2 
 

 
 
            Fig.3(a) Zeta size of formulation F3         Fig.3(b) Zeta potential of formulation F3 
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         Fig.4(a) Zeta size of formulation F4          Fig.4(b) Zeta potential of formulation F4 
 
 

 
Fig.5 (a) Zeta size of formulation F5 Fig.5 (b) Zeta potential if formulation 
F5  
 
Antibacterial activity of cu-loaded 
SEDDs by Agar well diffusion 
method 
In assessing the antibacterial potential of 
diverse curcumin-loaded Self-Emulsifying 
Drug Delivery Systems (SEDDS) formulations 
against S. aureus, distinct inhibitory patterns 
emerged. Among the formulations, F1 
exhibited the highest antibacterial activity, 
resulting in a significant inhibition zone of 
14±1. Following suit, F2 showcased a zone of 
13±1.5, while F4 and F3 demonstrated zones 

of 12±1.5and 11±1, respectively. Notably, 
formulation F5 displayed a still appreciable 
inhibition zone, measuring 9±1.5. All the 
experiments were performed in triplicate, 
mean and standard deviation were calculated 
using SPSS 22.0. The activity of different 
formulations of cu-loaded SEDDS was 
recorded against S. aureus as shown in the 
Figure 6. Data was expressed as mean and 
standard deviation of three independent 
experiment. 
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Fig 6: Cu-loaded SEDDs different formulations antibacterial activity by well diffusion method 
 
Antibacterial activity of cu-loaded SEDDs by 
micro dilution method 
In the context of combating S. aureus, the 
utilization of curcumin-loaded Self-
Emulsifying Drug Delivery Systems (SEDDS) 
showcased noteworthy outcomes. Notably, the 
compound exhibited the highest activity in the 
form of F1, boasting a remarkable minimal 
inhibitory concentration (MIC) of 
0.0507±0.02 µg/ml. Following this, F2 and F4 
emerged with considerable effectiveness, 
recording MIC values of 0.0583±0.02 and 
0.1167±0.04 µg/ml respectively. In contrast, 
F3 and F5 displayed relatively diminished 

activity against S. aureus, as evidenced by their 
MICs of 0.3733±0.16 and 0.9333±0.32 µg/ml 
respectively. The results illuminate the diverse 
antimicrobial potential of the tested 
compounds, firmly positioning F1 as an 
especially encouraging candidate for 
subsequent investigations. This underscores 
the potential impact of curcumin-loaded 
SEDDS in countering S. aureus infections. 
Data was expressed as mean and standard 
deviation of three independent experiment. 
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Minimum bactericidal concentration: 
Discussion 
S. aureus is a noteworthy microorganism that 
exhibits a dual nature: as a commensal flora 
present in up to 30% of the population and as a 
causative agent for an array of human infections, 
ranging from soft-tissue infections to severe 
conditions such as toxic shock syndrome (TSS), 
endocarditis, and necrotizing pneumonia. In the 
context of diabetes-associated complications, 
diabetic foot ulcer (DFU) represents a significant 
health challenge, linked to increased mortality 
rates and potential implications in ischemic heart 
diseases (26). Our research project aligned with 
this context, aiming to combat DFUs by isolating 
S. aureus from clinical samples and assessing its 
susceptibility to curcumin, a well-known 
polyphenolic compound recognized for its 
therapeutic potential. 
Curcumin, with its diverse therapeutic properties, 
including broad-spectrum antibacterial activity 
(27), has garnered substantial attention in wound 
healing studies. Its ability to enhance wound 
contraction and accelerate healing has been noted 

(28). Our study contributes to this growing body 
of knowledge by examining curcumin's efficacy 
against S. aureus. Confirming earlier reports, 
curcumin demonstrated antibacterial effects 
against S. aureus, with varying levels of potency 
among different formulations (29). 
The formulation of curcumin-loaded Self-
Emulsifying Drug Delivery Systems (SEDDS) 
holds substantial promise in overcoming 
challenges related to curcumin's low 
bioavailability and solubility. SEDDS provides a 
platform for enhancing drug absorption and 
systemic availability, contributing to improved 
therapeutic outcomes (30). Our study employed a 
careful selection of excipients, adhering to FDA-
approved options to ensure safety (31). The 
incorporation of triglycerides, surfactants, and co-
surfactants in specific proportions contributed to 
solubilizing curcumin and enhancing its 
bioavailability (32, 33). 
Notably, our formulations demonstrated diverse 
oil, surfactant, and co-surfactant compositions to 
optimize performance. The strategic selection of 
surfactants such as Tween 80 and Span, along 
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with co-surfactants like propylene glycol (PG), 
facilitated the formation of stable emulsions and 
microemulsions (34, 35). Propylene glycol, 
despite its less hydrophilic nature, proved 
effective in enhancing microemulsion stability 
(35). DMSO also contributed to formulation 
efficiency by widening the emulsion area and 
improving bioavailability (36). This novel 
approach to curcumin delivery could potentially 
revolutionize wound healing strategies. 
The current study's MIC values against S. aureus 
validate curcumin's bactericidal potential. The 
formulation's superior efficacy, reflected in the 
increased zone of inhibition, underscores its 
significance as an antibacterial agent. The 
standardized MIC values of curcumin against S. 
aureus in the study align with previous research, 
affirming its potency against this pathogen (38). 
 
Conclusion 
In conclusion, this research underscores the 
therapeutic potential of curcumin-loaded SEDDS 
formulations against S. aureus infections. The 
study not only adds to the existing knowledge of 
curcumin's antibacterial effects but also 
introduces an innovative approach to enhance its 
bioavailability for wound healing applications. By 
addressing the challenges of drug solubility and 
absorption, the study bridges the gap between 
research and practical medical interventions. 
However, further investigations and clinical trials 
are necessary to fully establish the efficacy and 
safety of curcumin-loaded SEDDS in managing 
diabetic foot ulcers and associated infections. 
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