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Abstract 
Background: Diabetic foot ulcers (DFUs) represent a significant complication of diabetes mellitus, often leading 
to prolonged morbidity, increased healthcare costs, and reduced quality of life. Conventional wound dressings 
may not adequately address the underlying pathophysiology of DFUs. This study evaluates the efficacy of a papain 
urea-based preparation in comparison to conventional saline dressing in promoting wound healing. 
Methods: A randomized controlled trial was conducted at a tertiary care hospital in Tamil Nadu, enrolling 100 
patients with Wagner grade II-IV DFUs. Patients were randomly assigned to either the papain urea-based 
preparation group (n=50) or the normal saline dressing group (n=50). The primary outcomes measured were the 
rate of granulation tissue formation and the duration of hospital stay. Wound area measurements were taken at 
baseline and on day 14 post-treatment. Statistical analyses, including t-tests and chi-square tests, were performed 
to assess significant differences between the groups. 
Results: Patients treated with papain urea-based preparation demonstrated a statistically significant acceleration 
in healthy granulation tissue formation (p < 0.001) and a shorter duration of hospital stay compared to the normal 
saline group. The intervention was well-tolerated, with no observed systemic adverse effects. 
Conclusion: The findings indicate that papain urea-based preparation is a superior alternative to conventional 
saline dressings for DFU management, promoting faster healing and potentially reducing healthcare costs. 
Incorporating papain urea-based formulations into wound care protocols may enhance clinical outcomes for DFU 
patients. 
Keywords: Diabetic Foot Ulcer, Papain Urea, Wound Healing, Granulation Tissue, Randomized Controlled Trial, 
Wound Care, Diabetes Mellitus. 
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Introduction 

Diabetes mellitus, a prevalent and debilitating 
chronic metabolic disorder, is characterized by 
persistent hyperglycemia stemming from defects in 
insulin secretion, insulin action, or both, leading to 
a cascade of microvascular and macrovascular 
complications that significantly impair the quality 
of life and increase the risk of mortality (Wu et al., 
2007). Among the most devastating of these 
complications are diabetic foot ulcers, which 
represent a major public health challenge, affecting 
a substantial proportion of individuals with diabetes 
during their lifetime, with estimates suggesting that 
up to 15% of people with diabetes will develop a 
foot ulcer at some point (Mote & Mote, 2015; 
Yazdanpanah, 2015). These ulcers arise from a 
complex interplay of factors, including peripheral 
neuropathy, which impairs sensation and increases 
susceptibility to injury; peripheral arterial disease, 

which compromises blood flow and impedes wound 
healing; foot deformities, which create areas of 
increased pressure and friction; and impaired 
immune function, which increases the risk of 
infection. The consequences of diabetic foot ulcers 
are far-reaching, ranging from localized infections 
and chronic pain to more severe outcomes such as 
osteomyelitis, limb amputation, and even death 
(Raja et al., 2023). Given the significant morbidity, 
mortality, and economic burden associated with 
diabetic foot ulcers, timely and effective 
management is of paramount importance (Aumiller 
& Dollahite, 2015). The development of diabetic 
foot ulcers involves various pathways, including 
neuropathy, vascular disease, and metabolic 
abnormalities (Aldana et al., 2020). The traditional 
approach to diabetic foot ulcer management often 
involves the use of conventional dressings, such as 
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normal saline, to maintain a moist wound 
environment, protect the ulcer from external 
contaminants, and promote healing (Li et al., 2022). 
However, conventional dressings may not always 
be sufficient to address the underlying 
pathophysiology of diabetic foot ulcers, particularly 
in cases with significant tissue damage, impaired 
blood flow, or persistent infection. Recent 
advancements in wound care have led to the 
development of alternative treatments, including 
the use of topical papain urea-based preparations. 
These preparations combine the proteolytic enzyme 
papain, derived from the papaya fruit, with urea, a 
potent humectant and keratolytic agent, to promote 
debridement of necrotic tissue, stimulate 
granulation tissue formation, and enhance wound 
closure.  

This study endeavors to evaluate the effectiveness 
and safety of papain urea-based preparation in the 
treatment of diabetic foot ulcers, in comparison to 
regular conventional dressing. The ultimate goal of 
treating patients with DFU is wound healing and 
requires a complex approach (Dubský et al., 2012). 
Factors contributing to DFU include peripheral 
neuropathy, foot deformities, and trauma 
(Tecilazich & Veves, 2018). It is important to 
identify the etiology and assess comorbidities to 
provide the correct therapeutic approach, essential 
to reducing lower-extremity amputation risk (Perez-
Favila et al., 2019). Prevention of foot ulcers 
requires a coordinated program of foot-specific 
patient education, prophylactic skin and nail care, 
and protective footwear (Pinzur & Dart, 2001). 
Evidence suggests that many foot ulcers can be 
prevented by using intensive interventions and 
adopting a multidisciplinary approach to treatment 
(Vileikyte, 2001).  

Diabetic foot ulcers are a major complication of 
diabetes mellitus, affecting millions of individuals 
worldwide and posing a significant burden on 
healthcare systems (Perez-Favila et al., 2019). The 
key components of diabetic foot ulcer management 
encompass a thorough assessment of the ulcer, 
encompassing the identification of infection and the 
evaluation of neuropathy or peripheral vascular 
disease. The cornerstones of effective wound care 
involve the utilization of appropriate footwear, the 
implementation of non-weight-bearing limb 
support, the judicious use of antibiotics, 
debridement procedures, aggressive 
revascularization strategies, meticulous control of 
serum glucose levels, and vigilant monitoring of the 
ulcer's progression (Steed, 1998) (Eneroth & 
Houtum, 2008) (Perez-Favila et al., 2019). 

Materials and Methods 

This study employed a randomized controlled trial 
design, a robust methodology that allows for the 
assessment of cause-and-effect relationships 

between interventions and outcomes, to compare the 
effectiveness of papain urea-based preparation and 
normal saline in promoting wound healing in 
patients with diabetic foot ulcers. A total of 100 
patients with diabetic foot ulcers were recruited 
from a tertiary care center, ensuring a diverse 
representation of patients with varying ulcer 
characteristics and comorbidities. The study was 
conducted from June 2023 to April 2024. To 
minimize bias and ensure comparability between 
groups, patients were randomly assigned to one of 
two treatment groups: Group A (n=50), which 
received papain urea-based preparation dressing, 
and Group B (n=50), which received normal saline 
(conventional dressing) dressing, with each group 
comprising 50 patients.  

This process of randomization is crucial to minimize 
selection bias and ensure that the groups are as 
similar as possible at baseline, thereby enhancing the 
validity of the study findings. Initial wound 
debridement, a critical step in wound bed 
preparation, was performed in all patients to remove 
necrotic tissue, debris, and bioburden, creating a 
clean and conducive environment for healing. 
Debridement was performed using sharp 
instruments, such as scalpels and curettes, by trained 
healthcare professionals following established 
protocols.  

The primary outcome measures of the study focused 
on assessing the rate of granulation tissue formation, 
a key indicator of wound healing progress, and the 
duration of hospital stay, reflecting the overall 
efficiency and effectiveness of the treatment 
interventions. Granulation tissue formation was 
evaluated through visual assessment and planimetric 
measurements of the wound area at regular intervals, 
allowing for objective quantification of the healing 
process. The wound area was assessed at baseline 
and at the end of day 14 after discharge to track 
changes in ulcer size and monitor the progress of 
wound closure over time. The duration of hospital 
stay was recorded for each patient, providing a 
measure of the overall resource utilization and 
healthcare costs associated with each treatment 
approach. Statistical analysis was performed using 
appropriate methods, such as t-tests and chi-square 
tests, to compare the outcomes between the two 
treatment groups and determine the statistical 
significance of any observed differences.  

The inclusion criteria for the study were carefully 
defined to ensure that only patients with well-
defined diabetic foot ulcers meeting specific criteria 
were included, thereby enhancing the homogeneity 
of the study population. Patients with Wagner grade 
II-IV diabetic foot ulcers, indicating moderate to 
severe ulceration, were eligible for inclusion, 
reflecting the clinical relevance of the study to 
patients with significant wound burden. Exclusion 
criteria were also established to exclude patients 
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with confounding factors that could influence 
wound healing outcomes, such as those with active 
infection, severe peripheral arterial disease, or other 
systemic conditions that may impair wound healing. 
This rigorous selection process helps to minimize 
confounding variables and strengthen the internal 
validity of the study findings. 

Results: 

The study findings revealed a statistically significant 
acceleration of healthy granulation tissue formation 
in the papain urea-based preparation group 
compared to the normal saline group, providing 
compelling evidence of the superior efficacy of the 
papain urea-based preparation in promoting wound 
healing. The observed difference in granulation 
tissue formation between the two groups was not 
only statistically significant (p < 0.001) but also 
clinically meaningful, indicating a tangible benefit 
for patients treated with papain urea-based 
preparation. The reduction in the duration of hospital 
stay observed in the papain urea-based preparation 
group further underscores the clinical and economic 

advantages of this treatment approach, suggesting 
that it may lead to faster healing, reduced healthcare 
costs, and improved patient outcomes.  

The absence of observed systemic effects associated 
with the topical use of papain urea-based preparation 
provides reassurance regarding the safety profile of 
this treatment modality, suggesting that it can be 
safely administered without causing systemic 
adverse reactions. 

The demographic and clinical characteristics of the 
case (N = 50) and control groups (N = 50) are 
compared in the table. The mean age of the case 
group was 55.14 years, and for the control group, it 
was 54.22 years, with no significant difference 
between the two (P = 0.174). The distribution of age 
groups also showed no significant difference, with 
68% of cases and 64% of controls being over 50 
years old (P = 0.437). Regarding sex, 28% of the 
cases and 38% of the controls were female, showing 
no statistical significance (P = 0.812). 

 

 
Figure 1: Limb Involved in Diabetic Ulcer Study 

 
Figure 1 shows a bar chart comparing limb 
involvement between the Case and Control groups. 
The left foot is the most commonly involved limb, 

with the "Case" group showing a slightly higher 
percentage (32%). The left leg is the second most 
involved limb, with both groups reporting equal 
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percentages (20%). The right foot is the third most 
involved limb, with the "Case" group having a 

higher percentage (24%). The right thigh is the least 
involved limb. 

 

 
Figure 2: Average Day: Healthy Granulation Tissue Formed 

 
The bar graph Figure2 compares the time required 
for healthy granulation tissue to form between two 
groups: "Case" and "Control." The "Control" group 
takes longer, with an average of 26.92 days and a 
maximum of 37 days. The minimum and median 
days are lower in the "Case" group. 

The quick healthy granulation tissue formation 
observed in the group treated with papain urea-based 
preparation highlights the potential of this 
intervention to enhance the healing process in 
diabetic foot ulcers. The duration of hospital stay 
was also significantly reduced in the papain urea-
based preparation group, indicating a faster recovery 
and potentially lower healthcare costs.  

These results align with the understanding that 
maintaining a moist wound environment and 
promoting angiogenesis, fibroblast proliferation, 
and granulation tissue formation are crucial for 
effective wound healing (Kardan et al., 2020) 
(Hakim et al., 2019). 

Discussion:  

Diabetic foot ulcers represent a significant clinical 
challenge, often leading to prolonged morbidity, 
increased healthcare costs, and diminished quality 
of life for affected individuals. The current study 

provides valuable insights into the management of 
diabetic foot ulcers by demonstrating the superior 
effectiveness of papain urea-based preparation 
compared to normal saline in promoting granulation 
tissue formation and reducing the duration of 
hospital stay. These findings have important 
implications for clinical practice, suggesting that 
papain urea-based preparation may be a valuable 
adjunct to standard wound care protocols for 
diabetic foot ulcers.  

The enhanced granulation tissue formation 
observed with papain urea-based preparation may 
be attributed to its unique mechanism of action, 
involving the enzymatic debridement of necrotic 
tissue and the stimulation of cell proliferation and 
migration (Tan et al., 2019). The cost-effectiveness 
of interventions for diabetic foot ulcers is a critical 
consideration, given the substantial healthcare 
burden associated with these chronic wounds 
(Biswas et al., 2010). 

The study's findings contribute to the growing body 
of evidence supporting the use of advanced wound 
care modalities in the management of diabetic foot 
ulcers. Further research is warranted to investigate 
the long-term outcomes and cost-effectiveness of 
papain urea-based preparation in the treatment of 
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diabetic foot ulcers. The management of foot ulcers 
in individuals with diabetes poses a significant 
therapeutic challenge globally (Game et al., 2015).  

Despite optimal care, a notable proportion of foot 
ulcers fail to heal effectively, leading to chronic 
inflammation and potential complications (Sumpio, 
2012). Factors such as impaired glucose 
metabolism and neurovascular issues can impede 
the healing process in diabetic patients, often 
resulting in chronic wounds that do not respond to 
standard treatments (Tsourdi et al., 2013). 
Addressing modifiable factors such as blood 
glucose control, foot hygiene, and appropriate 
footwear is crucial in managing diabetic foot ulcers 
(Saad et al., 2013).  

The economic burden associated with diabetic foot 
problems is substantial, with costs increasing 
significantly with the severity of the condition 
(Driver et al., 2010). Early identification, regular 
foot examinations, and patient education are vital in 
preventing and managing diabetic foot ulcers (King, 
2008). A multidisciplinary approach, including 
meticulous wound care, vascular assessment, and 
offloading techniques, is essential for successful 
outcomes (Thewjitcharoen et al., 2014).  

Conclusion 

In conclusion, this study provides compelling 
evidence supporting the effectiveness of papain 
urea-based preparation in promoting healthy 
granulation tissue formation and reducing the 
duration of hospital stay in patients with diabetic 
foot ulcers. The findings suggest that papain urea-
based preparation may be a valuable adjunct to 
standard wound care protocols, offering the 
potential to improve healing outcomes, reduce 
healthcare costs, and enhance the quality of life for 
individuals with diabetic foot ulcers (Armstrong et 
al., 2023). 
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