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Abstract 

Diabetic foot ulcers are a significant chronic health issue, leading to high 

morbidity and mortality rates. A study aimed to assess complement proteins C3 

and C4, as well as antibodies IgG and IgM, in the serum of patients aged 25 to 65 

with diabetic foot ulcers. The findings could help understand the immune 

response in diabetic foot ulcer patients and develop targeted therapies. The study 

also aimed to identify biomarkers for early ulcer detection and management. The 

Radial Immuno Diffusion Single method was used to measure serum levels in 90 

individuals. The study analyzed patients hospitalized with ulcer symptoms, 

bleeding, or pain at Baghdad Teaching Hospital in Al-Mansour, Baghdad 

Governorate. Results displayed a significant increase in average levels of C3, C4, 

IgG, and IgM in patients compared to healthy individuals, with levels of 38.1±8, 

13.1±3.1, 448.9±107.3, and 52.1±10.5, respectively. The results indicate that the 

significant increase in the levels of complement proteins C3 and C4 and 

antibodies IgG and IgM in diabetic foot ulcer patients may reflect a clear 

immunological and inflammatory role in the progression of the disease. 

Therefore, the study recommends the importance of using these indicators as 

auxiliary factors in the immunological assessment of patients with diabetic foot 

ulcers, which contributes to improving therapeutic response and reducing 

complications. It is also recommended to conduct more extensive studies to 

confirm the relationship between these indicators and the severity of the ulcers.  
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 انخلاصت

حؼُذّ قشدت انقذو انضكشٚت يٍ انًشكلاث انصذٛت انًزيُت انخطٛشة، إر حشحبط باسحفاع يؼذلاث انًشاضت 

، إضافتً إنٗ C3 ٔ C4 ٔانٕفٛاث بٍٛ يشضٗ انضكش٘. ْذفج ْزِ انذساصت إنٗ حقٛٛى بشٔحُٛاث انًخًًت

( صُت يًٍ 43–03حخشأح أػًاسْى بٍٛ )فٙ يصم انًشضٗ انزٍٚ  IgG ٔ IgM الأجضاو انًضادة

ٚؼإٌَ يٍ قشح قذو صكشٚت. حضٓى ْزِ انُخائج فٙ فٓى الاصخجابت انًُاػٛت نذٖ انًشضٗ انًصابٍٛ بقشح 

انقذو انضكشٚت ٔحطٕٚش ػلاجاث يٕجّٓت، كًا حٓذف إنٗ حذذٚذ يؤششاث دٕٛٚت حضاػذ فٙ انكشف انًبكش 

 Radial Immuno Diffusion) شاس انًُاػٙ انشؼاػٙ انًفشداصخخُذو أصهٕب الاَخ .ػٍ انقشح ٔإداسحٓا

Single) ( فشدًا. شًهج انؼُٛت يشضٗ ساقذٍٚ فٙ 72نقٛاس حشاكٛز ْزِ انًؤششاث فٙ يصم انذو نـ )

يضخشفٗ بغذاد انخؼهًٛٙ فٙ يُطقت انًُصٕس بًذافظت بغذاد، يًٍ ظٓشث ػهٛٓى أػشاض قشح انقذو، 

أظٓشث انُخائج اسحفاػًا يؼُٕٚاً فٙ انًخٕصط انذضابٙ نخشكٛز  .انًٕضؼٛتكانُزف أٔ الأنى أٔ الانخٓاباث 

نذٖ انًشضٗ يقاسَتً بالأشخاص  IgG ٔ IgM ٔالأجضاو انًضادة C3 ٔ C4 بشٔحُٛاث انًخًًت

( ػهٗ انخٕانٙ. 2.3ِ±ِ.30(، ٔ)25.1ِ±226.7(، )ِ.1±ِ.1ِ(، )6±ِ.16الأصذاء، إر بهغج انقٛى )

الاسحفاع انًهذٕظ فٙ يضخٕٚاث بشٔحُٛاث انًخًًت ٔالأجضاو انًضادة نذٖ  حشٛش ْزِ انُخائج إنٗ أٌ

 .يشضٗ قشح انقذو انضكشٚت ٚؼكش دٔسًا يُاػٛاً ٔانخٓابٛاً ٔاضذًا فٙ حطٕس انًشض

ٔػهّٛ، حٕصٙ انذساصت بضشٔسة اػخًاد ْزِ انًؤششاث كؼٕايم يضاػذة فٙ انخقٛٛى انًُاػٙ نهًشضٗ 

، نًا نٓا يٍ أًْٛت فٙ حذضٍٛ الاصخجابت انؼلاجٛت ٔحقهٛم انًضاػفاث. كًا انًصابٍٛ بقشح انقذو انضكشٚت

 .حُٕصٙ بئجشاء دساصاث أٔصغ نخأكٛذ انؼلاقت بٍٛ ْزِ انًؤششاث ٔشذة انقشح

 .، قشح انقذو انضكشٚتC4 ،IgG ،IgM ، بشٔحC3ٍٛ بشٔحٍٛ :انكهًاث انًفخادٛت

Introduction 

    Diabetic foot ulcers (DFUs) are a common and serious complication of 

diabetes, and they are among the utmost widespread chronic wounds [1]. 

Management of diabetic foot ulcers still lacks the required effectiveness in 

clinical use. Presently free healing procedures such as arsenic operative 

debridement and force ease set not comprehensively work the progressive upset 

of the incendiary reaction to the hurt which associated with an increased 

likelihood of amputation [2]. Due to the difficulty in diagnosing and treating 

diabetic foot ulcers and the resulting increase in complication and mortality rates 

they represent a heavy burden that negatively influences the types of patients' life 

and increases pressure on healthcare systems [3]. 

      The complement system which is an essential portion of the innate immune 

system consists of more than 50 organized and soluble proteins in serum or 

associated with the cell membrane. They act in concordance to pass microbes and 

dead cells without harming healthy cells. It can be activated through protein 

receptors that recognize molecules such as specific antibodies C1q and IgM as 

well as C-reactive protein (CRP). These elements lead to initiating the activating 

reductions which includes protein C3 as one of the important parts of the body 
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system [4]. Complement factor 3 (C3) is a principal part of the innate immune 

system and is essential for activating the three the complement system pathways: 

classical alternative and lectin pathways. C3 is mainly synthesized inch the liver 

and it is Similarliy express and cast inch the adipose tissue of human. Current 

evidence indicates that intracellular C3 activity has important physiological roles. 

C3 is categorized as an acute-phase indicator, with its serum levels up in reaction 

to infection and inflammation while decreasing upon immune complex deposit 

[5].  

Studies have indicated that the effectiveness of component C3 in the diabetic 

patients' serum is very importantly lower in terms of its ability to eliminate 

bacteria compared to healthy individuals. This decrease in antimicrobial action is 

potential attributed to weakness in the classical pathway of the complement 

system, which is based away the importantly levels of component C4. This 

elevation may reflect either a decrease in its consumption or a disturbance in 

other parts of the complement system. The evidence also suggests that 

hyperglycemia combined with diabetes get lead to the damage of full 

complement system roles done the non-enzymatic glycation of proteins [6 7].  

Diabetic foot ulcers (DFU) treatment a condition that leads to high rates of 

disability and mortality, costs money and imposes a substantial physical, 

psychological and economic burden on patients, their families and society as a 

whole. The development of this disease is attributed to the important role of 

immunoglobulin G (IgG) in its rule and suppression of inhibition of inflammatory 

response when its binding to glycosyl molecules, as demonstrated by evidence. 

Therefore, studying the binding pattern of IgG to glycosyl is decisive for 

understanding the immunological and inflammatory foundations of DFU. It 

deserves noting that IgG constitutes around 75%–80% of the unit 

immunoglobulins in serum of human, with a concentration the blood of healthy 

individuals of around 10–15 mg/ cc [8]. 

Immunoglobulin (IgM) is the first antibody to be produced and expressed during 

the immune response and its main roles include activating the complement 

system and immune agglutination. As well as, both IgM and IgA are important 

parts of humoral immunity, because they work to neutralize and eliminate 

pathogens during primary and secondary immune responses [9]. They improve 

inflammatory response and the removal of immune complicated by activating the 

complement system stimulating natural killer cells, macrophages, and mast cells 

and regulating the activity of cytotoxic cells [10]. The isotype IgM, present in the 
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autoantibodies complicated in type I diabetes, has been shown in studies to have 

different roles in the disease [9].  

Material and methods 

We conducted this research from October 2024 to November 2024, collecting 90 

blood samples from both genders. The ages of the study participants ranged 

between 18 and 65 years, and they were all residents of Baghdad Governorate. 

The samples were obtained from the surgical emergency department and Baghdad 

Teaching Hospital in the City of Medicine, and the patients' cases were clinically 

diagnosed by specialized doctors. 

Blood sample collection: 4–5 ml of venous blood was drawn from the participants 

using sterile medical syringes with 70% ethanol, and the blood was collected in 

test tubes containing clotting activators (gel and clot activator tube). After 

numbering the samples, they were stored in an icebox. 

The levels of complement proteins C3, C4, and immunoglobulins (IgG, IgM) in 

the serum of both infected and healthy individuals were measured using the 

Single Radial Immuno Diffusion (RID) method. 

Principle of test: (5 µL) of serum from both infected and healthy individuals were 

placed in each well of the agarose gel designated for complement proteins C3, 

C4, and antibodies (IgG, IgM). If complement proteins or these antibodies are 

present in the sample, an immune complex will form a precipitin ring around the 

well after 72 hours of incubating the (C3, C4, IgG) samples. The antibody sample 

(IgM) was incubated for 96 hours in a moist chamber, and then the diameter of 

the precipitin ring around the well was measured using a magnifying lens. These 

results were compared with the standard tables provided by the supplier to 

determine the concentrations. 

Results and Discussion 

Results of complement protein C3 level: 

The results of the current study showed an increase in serum C3 levels in persons 

with diabetic foot ulcers (225.5±23.9). 

Table 1: The comparison between the average serum complement protein C3 

concentration in diabetic foot ulcers and the control group. 

The indicator Mean ± Standard Deviation P value The test 

The case 
Patient 225.5±23.9 

0.00* Spiritual 
Control group 38.1±8 
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Figure 1: The comparison of complement protein C3 and control group serum 

concentration. 

 

Serum C4 levels increased in individuals with diabetic foot ulcers (80.8 10), 

according to the current study results. 

Table 2: Comparing the average serum complement protein C4 concentration 

between patients with diabetic foot ulcers and a control group. 

The indicator Mean ± Standard Deviation P value The test 

The case 
Patient 80.8±10 

0.00* Spiritual 
Control group 13.1±3.1 

   

 
Figure 2:  A graph illustrating that the complement protein C4 concentration in 

the serum of diabetic foot ulcer patients and the control group is similar. 
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The serum IgG antibody levels in patients with diabetic foot ulcers were found to 

increase significantly in the current study, resulting in a significant increase of 

1888.3468.7. 

Table 3: Comparing the average serum IgG antibody concentration among 

patients with diabetic foot ulcers to the control group. 

The indicator 
Mean ± Standard 

Deviation 

P 

value 
The test 

The 

case 

Patient 1888.3±468.7 

0.00* Spiritual Control 

group 
448.9±107.3 

 

 
Figure 3:  A graph displaying the average serum concentration of IgG antibodies 

in those who have diabetic foot ulcers and those who do not. 

The study's results demonstrated a significant elevation in serum IgM antibody 

levels in patients with diabetic foot ulcers (337.372.3). 

Table 4: Comparing the average serum IgM antibody concentration in diabetic 

foot ulcer patients and the control group. 

The indicator Mean ± Standard Deviation P value The test 

The case 
Patient 337.3±72.3 

0.00* Spiritual 
Control group 52.1±10.5 
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Figure 4:  A comparison between the average serum concentration of IgM 

antibodies in diabetic foot ulcer patients and the control group. 

In diabetic foot ulcer patients, the level of complement proteins C3 and C4 

increased very significantly compared to healthy person according to the current 

study results. Previous study has shown that elevated serum C3 levels are 

connected to obesity, weight gain, high blood pressure, insulin resistance and 

metabolic syndrome and this gain in complement proteins in line with this 

determination. C3 and diabetes have been linked, and it has been proposed that 

the complement activation product (C3a) maked by the proteolytic cleavage of 

C3 may have insulin-like effects, which may partly explain the relationship 

between C3 and diabetes [5]. 

The results of another study indicated that the significant increase in C4 levels 

might be due to either decreased consumption or a malfunction in other parts of 

the complement system. It is believed that the raise of glucose levels combined 

with diabetes get negatively affect complement functions through the non-

enzymatic glycation of glucose [7]. 

The serum levels of IgG and IgM antibodies were found to increase significantly 

in the current study's findings. Several studies have shown that the increase was 

caused by changes in the humoral immune system's humoral branch, specifically 

an increase in serum levels of immunoglobulins IgG and IgA. Furthermore, there 

were significant distinctions in the IgG subclasses observed in DFU patients as 

opposed to the control group of diabetic patients. Particularly, there was an 

increase in IgG1 and IgG3 levels, which suggests immune activation induced by 

inflammation. Their elevated values in cases of infection are not surprising 

because both molecules are complement activators that bind to the pathogen's 

specific protein antigen [11]. Type 2 diabetes has been shown to have changes in 
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the humoral component of the adaptive immune system, which can be seen in the 

serum of patients with cardiovascular complications, due to an increase in total 

IgA and IgG levels [12]. In patients with diabetic foot ulcer infections, 

particularly in those with immunoglobulin deficiency, the response to bacterial 

infections may change, even though it hasn't been described before in DFU 

patients with chronic infections [11]. During the IgM analysis, this study's results 

are consistent with those of prior research, which demonstrated an increase in 

IgM levels in the serum of diabetic foot ulcer patients. As the condition 

progresses, patients with acute infections show elevated IgM levels in the early 

stages, according to the study [13]. Another study confirmed that IgM is the first 

antibody to rise during the primary immune response, especially in acute 

bacterial infections. Therefore, the increase in IgM in this study may be attributed 

to the samples being taken from patients in the early stage of the infection, before 

it developed into a chronic stage [14]. Nonetheless, these outcomes contradict a 

previous analysis that found a decrease in IgM levels in the serum of patients 

with diabetic foot ulcers that were connected to infection, suggesting that 

impaired humoral immunity is caused by the progression and chronic recurrence 

of the infection. This discrepancy could be explained by the fact that the 

individuals in the earlier study were in more advanced stages of the disease or 

had chronic immune response deficiency, which may not be true for the 

individuals in the present study who could have been in the early stages of 

inflammation [15]. IgG, IgM immunoglobulins, and complement C3 accumulate 

in the nervous system after a period of stimulation and varying degrees of insulin 

loss in diabetic patients [16]. 

Conclusion 

This study concluded that there is a significant increase in the C3, C4, IgG, and 

IgM levels in the serum of patients with diabetic foot ulcers compared to the 

control group. These results indicate a clear activation of both innate and adaptive 

immunity in the context of the inflammatory response resulting from localized or 

chronic foot infections.  

The complement system activating is signified by the increase in C3 and C4 

which is a key indicator of defensive against pathogens and indication the 

severity of inflammation. Alternatively, elevated IgG indicates the stimulation of 

acquired immunity against a persistent or previous infection while elevated IgM 

is attributed to an active primary immune response which may reflect an early 

stage of infection in some patients. 



                                                                                                              

                                                        

0637 

 

No.19  – Nov 2025 

N 

 

Iraqi Journal of Humanitarian, Social and Scientific Research 
Print  ISSN 2710-0952                   Electronic ISSN2790-1254 

   0203حششٍٚ انثاَٙ     Aِ7 انؼذد   انًجهت انؼشاقٛت نهبذٕد الاَضاَٛت ٔالاجخًاػٛت ٔانؼهًٛت

N 81 

 
The significance of the immune response in the development of diabetic foot 

ulcers is underlined by these results and allows for the use of certain biomarkers 

to indicate infection progression or assess treatment effectiveness. The study 

recommends conducting prospective search on larger scale to set the precise 

relationship between these immune indicators and the progression of the disease 

and its clinical complications 

Source of Funding  

No funding 

Conflict of Interest 

No conflict interest 

Ethical Clearance 

The study was approved by the Ministry of Health's Scientific Research Ethics 

Committee in Baghdad, Iraq (Reference No. 37692) after complying with the 

guidelines established by the latest version of the Declaration of Helsinki Ethics. 

References 

1. Chen P, Pan K, Song N, Yang Y, Gu C, Zhong P, Lin X. A natural 

extracellular matrix hydrogel through selective nutrient restriction for 

hyperinflammatory starvation therapy. Matter. 2023;6(2):397–428. DOI: 

10.1016/j.matt.2023.01.013. 

2. Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers and their 

recurrence. N Engl J Med. 2017;376(24):2367–75. DOI: 

10.1056/NEJMra1615439. 

3. Ma L, Ma W, Lin S, Li Y, Ran X. Adaptation and validation of the diabetic 

foot ulcer scale short form scale for Chinese diabetic foot ulcers individuals. 

Int J Environ Res Public Health. 2022;19(21):14568. DOI: 

10.3390/ijerph192114568. 

4. Shim K, Begum R, Yang C, Wang H. Complement activation in obesity, 

insulin resistance, and type 2 diabetes mellitus. World J Diabetes. 

2020;11(1):1–12. DOI: 10.4239/wjd.v11.i1.1. 

5. Borné Y, Muhammad IF, Lorés Motta L, Hedblad B, Nilsson PM, Melander 

O, Engström G. Complement C3 associates with incidence of diabetes, but no 

evidence of a causal relationship. J Clin Endocrinol Metab. 

2017;102(12):4477–85. DOI: 10.1210/jc.2017-00948. 

6. Hair PS, Echague CG, Rohn RD, Krishna NK, Nyalwidhe JO, Cunnion KM. 

Hyperglycemic conditions inhibit C3 mediated immunologic control of 

Staphylococcus aureus. J Transl Med. 2012;10(1):35. DOI: 10.1186/1479-

5876-10-35. 



                                                                                                              

                                                        

0638 

 

No.19  – Nov 2025 

N 

 

Iraqi Journal of Humanitarian, Social and Scientific Research 
Print  ISSN 2710-0952                   Electronic ISSN2790-1254 

   0203حششٍٚ انثاَٙ     Aِ7 انؼذد   انًجهت انؼشاقٛت نهبذٕد الاَضاَٛت ٔالاجخًاػٛت ٔانؼهًٛت

N 81 

 
7. Kheiralla ZMH, Maklad SS, Ashour SM, El Sayed Moustafa E. Association of 

complement C3 and interleukin-1 with foot infections in diabetic patients. Eur 

J Microbiol Immunol. 2012;2(3):220–30. DOI: 10.1556/eujmi.2.2012.3.8. 

8. Xiao Y, Dong X, Chen C, Cui Y, Chu T, Li X, Wang A. An integrated method 

for IgG N-glycans enrichment and analysis: Understanding the role of IgG 

glycosylation in diabetic foot ulcer. J Chromatogr B. 2024;1233:123983. DOI: 

10.1016/j.jchromb.2023.123983. 

9. Ali RZ, Saihood YD, Abbas AH, Hassan IB. Estimation of resistin and 

immunoglobulins (IgA and IgM) levels in the serum of Iraqi patients with type 

1 and type 2 diabetes mellitus. Iraqi J Sci. 2024;65(11):6435–43. DOI: 

10.24996/ijs.2024.65.11.20. 

10. Santos AF, Riggioni C, Du Toit G, Skypala I. An algorithm for the diagnosis 

and management of IgE-mediated food allergy, 2024 update. Allergy. 

2025;80(2):629–32. DOI: 10.1111/all.16321. 

11. Fejfarová V, Jirkovská A, Dubský M, Game F, Vydláková J, Sekerková A, 

Skibová J. An alteration of lymphocyte subpopulations and immunoglobulin 

levels in patients with diabetic foot ulcers infected particularly by resistant 

pathogens. J Diabetes Res. 2016;2016:2356870. DOI: 10.1155/2016/2356870. 

12. Birukov A, Plavša B, Eichelmann F, Kuxhaus O, Hoshi RA, Rudman N, et al. 

Immunoglobulin G N-glycosylation signatures in incident type 2 diabetes and 

cardiovascular disease. Diabetes Care. 2022;45(11):2729–36. DOI: 

10.2337/dc22-0833. 

13. Giamarellos-Bourboulis EJ, Raftogiannis M, Antonopoulou A, 

Anastasopoulou A, Koutoukas P, Savva A, Armaganidis A. Effect of the 

administration of IgM-enriched immunoglobulins in sepsis: a randomized, 

controlled open-label trial. Crit Care. 2013;18(1):R1. DOI: 10.1186/cc13152. 

14. Landry ML, Andre J. Immunoglobulin M for acute infection: true or false? 

Clin Vaccine Immunol. 2016;23(7):540–45. DOI: 10.1128/CVI.00038-16. 

15. Tvrzicka E, Mrazek F, Suchanek M, Fiedler J, Havelka J, Maly J. An 

alteration of lymphocyte subpopulations and immunoglobulin levels in 

patients with diabetic foot ulcers infected by resistant microorganisms. Cent 

Eur J Public Health. 2016;24(3):204–9. DOI: 10.21101/cejph.a4195. 

16. Ge S, Xie J, Zheng L, Yang L, Zhu H, Cheng X, Shen F. Associations of 

serum anti-ganglioside antibodies and inflammatory markers in diabetic 

peripheral neuropathy. Diabetes Res Clin Pract. 2016;115:68–75. DOI: 

10.1016/j.diabres.2016.03.025. 

 


