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Abstract  In this case – control study conducted during the period from February 2013 to January 2015, 
Haptoglobin phenotypes in diabetes patients has been investigated in 300 type 2 diabetic patients and 100 
non diabetic healthy controls in Sudan. The samples were obtained from Elmotakmel diabetic center in 
Omdurman, Sudan and were categorized by their haptoglobin phenotypes using Polyacrylamide gel 
electrophoresis. The result of the study showed no significant difference in the distribution of haptoglobin 
phenotypes. Diabetic patients with Hp 2-2 phenotype tend to had highest fasting blood glucose levels and 
lower hemoglobin levels. 
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1. Introduction 
Haptoglobin is aplasma glycoproteins. It is a positive 

acute phase protein that binds free hemoglobin forming 
hemoglobin-haptoglobin (Hb Hp) stable Complex. This 
complex is then removed by macrophage via cell-surface 
receptor (CD163). Haptoglobin can thus prevent tissue 
damage caused by free hemoglobin and reduce iron loss in 
hemolytic conditions. From a clinical perspective, haptoglobin 
is one of the most important of hemolytic anemia [8]. 
Haptoglobin binds to free hemoglobin with extremely 
high affinity (kd = 1×10-15 mol/L), probably the highest in 
nature [9]. Hemoglobin is the richest source of iron in the 
body and removes it from the circulation to prevent 
kidney injury and iron loss following hemolysis. Also, by 
binding free hemoglobin, haptoglobin functions as an 
antioxidant. In addition, Haptoglobin acts as a potent 
immunosuppressor of lymphocyte function and modulates 
the helper T-cell type1 and type 2 (Th1/Th2) balance 
within the body [2]. 

In addition haptoglobin can inhibit prostaglandin 
synthesis and is believed to have anti-inflammatory and 
antioxidant properties in the body. Haptoglobin is present 
in the serum of all mammals, but polymorphism is found 
only in humans [3]. 

Diabetes is a major worldwide health problem, and 
long-term diabetic vascular complications are the leading 
cause of morbidity and mortality (DCCT, 1993). The 
generation of reactive oxygen species has an important 
role in the development of diabetic vascular complications 
[10]. Hp1-1 protects against vascular complications in 
diabetes owing to its higher antioxidant activity [11]. 

Haptoglobin can be used as an independent predictor of 
coronary vascular disorders in diabetes mellitus. In a study, 
people with diabetes with Hp 2-2 showed 5 times more 
coronary artery disease than those with Hp1-1. It is 
assumed that in people with coronary stenos is, the 
presence of Hp 2-2 predicts a poor prognosis compared 
with those with other haptoglobin phenotypes. On the 
other hand, Hp 1-1 seems to protect against rest enosis after 
coronary artery stent implantation in people with diabetes. 

2. Materials and Method 

2.1. Study Area and Population 
This study was conducted in El motakmel diabetic 

center –Omdurman, Sudan. The clinical diagnosis of 
diabetes mellitus has been done according to the criteria of 
the world health organization, (1999). All participants gave 
informed consent for utilization of their blood samples in 
this study child and pregnant women were exempted. 

2.2. Sample Size and Collection 
A case control study designed to examine the 

relationship between haptoglobin, and diabetes disease. A 
total of 300 diabetic individuals including males and 
females in the age >40 years and sex matching healthy 
controls were examined. All the patients and healthy 
controls have undergone fasting over night till the time of 
blood collection. Three ml of venous blood were collected 
in heparinized vacutainer. The samples were kept on ice 
and centrifuged for 15 minutes then the plasma was a 
liquidated into storage vials and stored at –70 oC until 
analysis and haptoglobin electrophoresis for phenotypes. 
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2.3. Method 
Fasting Blood Glucose was determined using enzymatic 

oxidation in the presence of glucose oxidase (GOD) [1]. 
The glucose is oxidized to D.glucose by the glucose 

oxidase (GOD) with the formation of hydrogen peroxides. 
In the presence of peroxides (POD), a mixture of phenol 
and 4.aminoantipyrin (4.A.A) is oxidized by hydrogen 
peroxides to form a red quinoneimine dye, proportional to 
the glucose in the sample. 

Mono tea gents, phosphate buffer 100 mmol/L, PH 7.5, 
glucose oxidase >10 ML, Peroxidase > 2 µ/L, 4 – 
aminaoantitipyrin 0.5 mmoL/L, phenol 5 mmol/l. Glucose 
standard: Glucose 100 mg/dl. 

The concentration of glucose was calculated using the 
formula: - 

 Glucose mmoL / L AT AS 100= ÷ ×  
Where: 

(AT) = Absorbance of test 
(AS)= Absorbance of standard 

2.4. Haptoglobin Phenotyping 

 
Figure 1. Typical Hp phenotype patterns, as observed in serum samples 

Using PAGE of Hp. Hp phenotypes: Hp 1-1 (lanes 3 and 5), Hp 2-1 
(lanes 1,2, 4, 6,7,9 and 10) and Hp 2-2(lane 8). 

Polycarylamide gel electrophoresis separation was used 
for Haptoglobin phenotypes according to Linke 1986 
methods. In brief 6 µl plasma samples were incubated 
with 1 µl erythrocyte haemolysate and mixed with 6µl 
loading buffer (few crystals of bromophenol blue in 40% 
sucrose solution). Then 8µl from the mixture were loaded 
to the gel. Then separated electrophoretically at 200 

Volatage according to according Davis [5] method. Then 
stained with benzidine solution. The bands were then 
observed for Hp phenotyping. The phenotypic types of 
haptoglobin were identified by the following features 
(Figure 1): In Hp 1-1 phenotype, there is a band close to 
free hemoglobin which corresponds to the Hp bands that 
in Hp 1-1 type and multiple fine bands that are more 
catholic like in Hp2-2, but with greater distance between 
them. The last band in this series is not fainter than the 
preceeding band as observed in the Hp2-2-In Hp2-2 
phenotype, from the free hemoglobin band; there are 
multiple cathodic bands which are fine and closer to one 
another. Further, the faster moving band among the 
multiple bands appears fainter than its preceding bands. 

2.5. Statistical Analysis 
Results collected from diabetics with or without 

complications, and non-diabetics (control) were presented 
as percentages and the mean ± SEM (standard error of the 
mean) on a table. 

2.6. Data Analysis 
Data gained from this study were analyzed using the chi 

(x2) - square test and a nova test were used to evaluate 
association between categorical variables. All clinical data 
were collected through a questionnaire. 

3. Results 
The result in this study, the haptoglobin phenotypes of 

300 diabetic patients and 100 healthy controls were 
determined using the Polyacrylamide gel electrophoresis 
separating plasma supplemented with followed by 
Benzedine staining. Hp phenotype patterns obtained in 
this study is presented in Figure 1, Table 1. 

Frequencies of Haptoglobin phenotypes in diabetes 
mellitus and healthy controls:  

Of the 300 patients, 61.40% had the haptoglobin Hp 2-
1 phenotype, 21.6% had the Hp1-1 phenotype and 17.0% 
had the haptoglobin Hp 2-2.  

Of the 100 healthy controls, 63% had Hp 2-1 phenotype, 
20% had Hp 1-1 phenotype and 17% had Hp 2-2 phenotype. 
There was no significant difference in the distribution of 
haptoglobin phenotypes between the diabetic patients and 
the healthy controls. As shown in Table 1. 

Table 1. Haptoglobin phenotypes in diabetes mellitus type 2 and healthy control 
Groups Hp 1-1 Hp 2-1 Hp 2-2 Total 

Diabetic 65 (21.6%) 184 (61.4%) 51(17.0%) 300 (75.0%) 

Healthy control 20 (20.0%) 63 (63.0%) 17 (17.0%) 100 (25.0%) 

Total 85 (100.0%) 247 (100.0%) 68 (100.0%) 400 (100.0%) 

Relation between glucose level and haptoglobin 
phenotypes: 

The fasting blood glucose levels tend to be higher in 
Hp2-2 diabetic patients and lower hemoglobin levels. 

Haptoglobin phenotypes in diabetic patients 
according to gender: 

There was no relation between sex and haptoglobin 
distribution among diabetic or  

Table 2. Haptoglobin phenotypes in diabetic patients according to 
gender 

groups Hp 1-1 Hp 2-1 Hp 2-2 total 

male 49(24.5%) 122(61.0%) 29(14.5%) 200 

female 16(16.0%) 62(62.0%) 22(22.0%) 100 
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Table 3. Mean level of glucose and hemoglobin (Hb) in different types of Hp phenotypes in diabetic and healthy control 
Total Hp 2-2 Hp 2-1 Hp 1-1 Group 

 FBG:191.5mg/dl FBG:176.2mg/dl FBG:156.9mg/dl Diabetic 

300 Hb:11.9 g/dl Hb: 22.1g/dl Hb:16.3 g/dl  

 FBG:84.1mg/dl FBG:83.0 FBG: 83.8 mg/dl Control 

100 Hb:14.7g/dl Hb:15.6 g/dl Hb:14.8 g/dl  

4. Discussions 
The results of the study showed that no significant 

association was found between haptoglobin phenotypes 
and type 2 diabetic in Sudan. These studies suggested that 
the prevalence of diabetes mellitus was haptoglobin 
phenotype independent. The finding of this study may 
depend on the population analyzed and parameters 
investigated. It highlights the role of genetic and ethnic 
variation in determining susceptibility to type 2diabetes.  

The study agreed with Awadallah and Hamad, 2000, 
suggests that the prevalence of diabetes is independed of 
Hp phenotypes in Jordanians. 

Controversy Amiri et al., 2013 in Iran found there was 
an association of Hp phenotypes Hp 2-2 with diabetes 
mellitus Quaye et al 2006 found that haptoglobin 
phenotypes 2-2 is a risk factor for type 2 diabetic in Ghana. 

Also Bessa et al., 2007 found that Hp2-2 was more 
susceptible for development of nephropathy in Egypt. 

Hamdy et al., 2014 found the Hp 2-2 was more in type 
2 diabetes mellitus development of coronary artery disease 
in Egypt. 

Adams et al., 2013 found that Hp 2-2 was high in type 2 
diabetes mellitus and associated with cardiovascular 
diseases in USA. And with Diabatic Nepphropathy in 
Bengalee [20]. 
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