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Abstract 

Aim: Bladder tumor is one of the most common cancers. Cystoscopy, which is an invasive procedure, is used in its diagnosis. We 

conducted a study to determine whether a more non-invasive method can be used for this purpose. In this study, the uses of Ischemia 

Modified Albumin (IMA) and total sulfhydryl level (TSH), which are both antioxidant markers, were investigated for the diagnosis of 

bladder tumor. 

Methods: Ischemia Modified Albumin (IMA) and total sulfhydryl level (TSH) were identified by the spectrophotometric method. 

Patients with primary bladder tumors who did not receive any prior treatments or undergo any interventions were included in this 

prospective case control study. Those with severe cardiac and neurological diseases, other malignancies, acute and chronic infectious 

diseases, active organ failure, chronic obstructive pulmonary diseases, and other ischemic immunosuppressive diseases, along with 

individuals with severely low or high serum albumin levels (<20 or >55 g/L) were excluded from the study. 

Results: Forty-two primary bladder tumors and 45 healthy volunteers were included in the study. Serum IMA and TSH levels of the 

patient and control groups were compared. Patients with bladder tumors had high serum IMA (P=0.045) levels and low TSH levels 

(P=0.033). 

Conclusion: Both IMA and total TSH can be considered non-invasive biomarkers in the diagnosis of bladder tumor. Since there are few 

studies on this subject in the literature, further, larger studies are needed.  

Keywords: Bladder tumor, IMA, Total TSH 

 

Öz 

Amaç: Mesane tümörü en yaygın görülen kanserlerden biridir.Tanısında sistoskopi gibi invazif bir yöntem kullanılmaktadır.Bu 

çalışmada, mesane tümörü tanısında kulanılmak üzere daha non invaziv bir yöntem belirlemek için bir oksidan belirteç olan İskemi 

Modifiye Albümin (İMA) ve yeni bir antioksidan belirteç olan total sülfhidril (TSH) düzeyinin mesane tümörlü hastalarda bir 

biyobelirteç olup olamayacağını araştırmayı amaçladık. 

Yöntemler: İskemik Modifiye Albümin (İMA) ve total sülfhidril seviyesi (TSH) spektrofotometrik yöntemle belirlendi. Çalışmaya, 

primer mesane tümörü olan ve daha önce herhangi bir tedavi almayan aynı zamanda herhangi bir cerrahi müdahalesi olmayan hastalar 

dahil edilirken, ağır kalp ve nörolojik hastalıkları, diğer maligniteleri, akut ve kronik enfeksiyon hastalıkları, aktif organ yetmezliği, 

kronik obstrüktif akciğer hastalığı olan ve diğer iskemik immünsüpresif hastalıkları olan hastalar çalışma dışı bırakıldı. Ciddi derecede 

düşük veya yüksek serum albumin seviyeleri (<20 veya >55 g/L) olan kişiler de çalışmadan çıkarıldı. 

Bulgular: 42 primer mesane tümörü ve 45 sağlıklı gönüllü çalışmaya dahil edildi. Hasta ve gönüllü gruplarının serum İMA ve total TSH 

düzeyleri karşılaştırıldı. Kontrol grubuna göre mesane tümörü olan hastaların serum İMA (P=0,045) düzeyleri yüksek ve total TSH 

düzeyleri düşük (P=0,033) izlendi. 

Sonuç: Hem İMA hemde Total TSH düzeyi, mesane tümörü tanısında daha noninvaziv bir biyobelirteç olarak düşünülebilir. Literatürde 

bu konuda çok fazla çalışma bulunmadığından daha geniş çaplı çalışmalara ihtiyaç vardır. 

Anahtar kelimeler: Mesane tümörü, İMA, Total TSH 
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Introduction 

Bladder tumor is the most common type of cancer 

among individuals above the age of 65 years; and it constitutes 

7% of all cancers. Its etiology includes tobacco dependence, 

schistosomiasis, eating and drinking habits and lifestyle changes. 

Lifestyle, eating and drinking habits are particularly effective on 

the oxidant-antioxidant balance [1]. Recently, research on the 

role of free radicals in cancer development and the protective 

effects of antioxidants has increased. Oxidative stress (OS) 

occurs during cell proliferation due to both hydrogen peroxide 

and superoxide [2].  

Ischemia Modified Albumin (IMA), a systemic marker 

of oxidative stress, and total sulfhydryl, an antioxidant marker, 

are among the new biochemical markers [3,4]. 

 Albumin is a protein consisting of 585 aminoacids. The 

last amino acid terminal in the albumin structure is capable of 

binding heavy transition metals (nickel, cobalt) [5]. It reversibly 

binds the drugs in blood, bilirubin, hormone, fatty acids, cations 

(Ca
+2

, Na
+2

 and K
+
) and other ligands [6]. Amino end (N 

terminal) of albumin molecule is the primary binding site of 

transitive metal ions, especially the aspartyl-alanyl-histidyl-

lysine amino acid sequence, which binds cobalt (Co
+2

), nickel 

(Ni
+2

), copper (Cu
+2

) [7]. Free radical damage and disruption of 

cell membrane integrity cause the formation of damaged albumin 

by reducing the binding of these heavy metals to the N-terminal 

of albumin. This modified form of albumin is called Ischemia 

Modified Albumin (IMA) and measured spectrophotometrically 

by albumin cobalt binding test [8]. It was examined in different 

diseases such as pulmonary embolism, cancer, paralysis, and 

particularly, ischemic heart diseases, all of which yielded IMA 

levels above the normal range [9,10]. Plasma proteins are highly 

sensitive to oxidation due to the free sulfhydryl groups in serum 

albumin structure. Therefore, it is stated that measuring 

sulfhydryl groups bound to proteins is a significant indicator to 

identify oxidative stress [11,12]. 

We herein investigated the use of IMA level, which is 

an oxidant marker, and total sulfhydryl level, which is a new 

antioxidant, as biomarkers in diagnosing bladder tumors in 

patients.  

Materials and methods 

This prospective study includes 42 patients with 

primary bladder cancer, who were diagnosed in our urology 

clinic in a tertiary university hospital between 04/03/2020-

10/10/20 and 45 healthy individuals. No sample selection was 

made from the universe. All patients enrolled in the study had 

primary bladder tumors which were diagnosed during cystoscopy 

and none had received any previous treatments or interventions. 

Patients with severe cardiac and neurological diseases, other 

malignancies, acute and chronic infectious diseases, active organ 

failure, chronic obstructive pulmonary diseases, other ischemic 

immunosuppressive diseases, and severely low or high serum 

albumin levels (<20 or >55 g/L) were excluded from the study. 

Since the formation of ischemia modified albumin is related to 

disruption of the cell membrane and normal albumin in serum, 

too high or low albumin levels would affect its levels.  

The control group comprised completely healthy 

volunteers who did not have any disease or history of drug use 

and had not undergone any surgeries. 

 Demographic, clinical, and biochemical data of both 

groups were recorded and analyzed comparatively. Written 

consents were obtained from patients and volunteers. 

 The approval for this research was received from the 

interventional ethics committee of Van Yuzuncu Yıl University 

on 04/03/2020 with the decision no 2020/09.  

 Sampling and analysis 

 Blood samples were drawn from the antecubital vein 

into serum biochemistry tubes and centrifuged at 5000 rpm for 

10 minutes. The obtained serum samples were stored at -80 ° C 

until biochemical analysis. 

  IMA measurement 

 Serum IMA level was measured by colorimetric 

analysis developed by Bar-Or. To measure IMA, 50 ml of cobalt 

chloride was added to 200 ul of serum, shaken slightly, and the 

mixture solution was incubated for 10 minutes to ensure proper 

binding of cobalt to albumin. Then, coloring substance 50 uL of 

1.5 mg/ ml dithiothreithol (DTT) (Sigma-Germany) was added 

and binding reaction was stopped by adding 1.0 ml% 0.9 NaCl 

after 2 minutes. A colorimetric control was prepared for each 

sample. 50 uL distilled water was used instead of 50 uL 1.5 

mg/ml DTT for control samples. The obtained color complex 

was measured by spectrophotometric method at 470 nm. The 

results were reported as absorbance unit (ABSU).  

Total sulfhydryl groups (SH) were measured by the 

methods described initially by Elmman (Ellman, 1959) and total 

sulfhydryl level was identified with the method developed by Hu 

(Hu, 1984). Here, thiols react with 5, 5’-dithiobis- (2-

nitrobenzoic acid) (DTNB). It then gives the maximum peak at 

412nm. 25uL of serum was added to 1 mL of Tris-EDTA buffer 

(0.25 mmol / L Tris base, 20 mmol / L EDTA, pH 8.2) and 

absorbance was read at 412 nm (A1). After that, a 25L aliquot of 

DTNB stock solution (10mmol/L in absolute methanol) was 

added to the primary solution. After 15 minutes at ambient 

temperature, the absorbance was read again (A2) together with a 

DTNB blank (B). The concentration of sulfhydryl groups was 

calculated by using reduced glutathione as sulfhydryl group 

standard and the result was expressed in mmol/L. 

Statistical analysis 

The descriptive statistics for the features mentioned are 

Mean and Standard Deviation. Kolmogorov-Smirnov test was 

used to verify that continuous variables were normally 

distributed. Normally and non-normally distributed binary 

groups were compared with the T-test and Mann Whitney U test, 

respectively. ROC curve analysis was performed to evaluate the 

performance of the biomarkers in distinguishing the patient 

group from the control group. The statistical significance level 

was 5%. SPSS statistical packaged software was used for all 

calculations. 

Results 

The mean age of the patients and the control group were 

63.2 (3.22) years and 60.66 (4.15) years, respectively. There 

were 26 males (62%) in the patient group and 30 males (67%) in 

the control group. The mean tumor size was 3.27 (1, 35) cm. 
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None of our patients had muscle invasion and all were papillary 

urothelial tumors. The size of the tumor was larger than 3 cm in 

24 patients while it was smaller in 18. Eighteen patients had low-

grade and 24 patients had high-grade bladder tumors. The 

demographic characteristics of the patient and control groups 

were similar (Table 1). The diagnostic features of the patients are 

presented in Table 2. 
 

Table 1: Demographic characteristics of the patient and control groups 
 

Variable Bladder cancer(n=42) Control group(n=45) 

Mean Age/year 63.2 (3.22) 60.66 (4.15) 

Male 

Female 

26 

16 

30 

15 

Body Mass Index (BMI) kg/m2 25.32 (6.45) 26.55 (4.63) 

Smoker 30 33 
 

Table 2: The diagnostic properties of patients 
 

Variable Bladder cancer(n=42) 

Tumor size 

<3cm 

>3cm 

 

18  

24  

Grade 

Low grade 

High grade 

 

18 

24 

Pathology 

Papillary urothelial tumor 

Carcinoma in situ 

Other pathologies 

Detrusor invasion - 

Detrusor invasion + 

 

34 

8  

0 

42 

0 

TNM Stage 

Ta 

Tis 

T1 

 

24 

8 

10 
 

The descriptive statistics and comparison results of both 

IMA and TSH levels are shown in Table 3. The differences 

between the means of patient and control groups in terms of both 

IMA and TSH levels were statistically significant (p<0.05). 

Serum IMA levels were higher and serum TSH levels were lower 

in patients with tumors larger than 3 cm compared to those with 

smaller tumors. Likewise, patients with high-grade tumors had 

higher serum IMA levels and lower serum TSH levels compared 

to those with low-grade tumors (p<0.05 for both). While the 

mean IMA level of the patient group was significantly higher 

than that of the control group (Figure 1), the mean TSH of the 

patient group was significantly lower (Figure 2).  
 

Table 3: Descriptive statistics and comparison results 
 

 Group n Mean (SD) P-value 

 IMA (Absorbance unit) Control 45 0.962 (0.090) <0.05 

Patient 42 3.1976 (0.977) 

 TSH (nmol/mg protein) Control 45 0.203 (0.065) <0.05 

Patient 42 0.031 (0.022) 

IMA >3cm 24 4.0187 (0.06033) <0.05 

<3cm 18 2.1483 (0.40493) 

IMA High Grade 24 4.0058 (0.08632) <0.05 

Low Grade 18 2.0565 (0.11324) 

TSH >3cm 24 0.0142 (0.00504) <0.05 

<3cm 18 0.0535 (0.01367) 

TSH High Grade 24 0.0142 (0.00504) <0.05 

Low Grade 18 0.0535 (0.01367) 
 

 
 

Figure 1: Serum IMA levels in patients and controls 

 
 

Figure 2: Serum TSH levels in patients and controls 
 

Discussion 

Oxidative stress may play a role in the development of 

many cancers. Discussions continue about whether oxidative 

stress is a factor in tumor progression or cancer pathophysiology. 

Some results show that ROS is a mutagenic factor causing DNA 

damage, suppressing apoptosis, and triggering proliferation, 

invasion, and metastasis [13]. 

 Oxidative stress causes cancer development by 

stimulating tissue protein denaturation, DNA damage, lipid 

peroxidation and altering normal metabolic activity [9]. Reactive 

oxygen species (ROS) forming oxidative stress cause cancer by 

stimulating DNA damage and genetic mutation. Excessive ROS 

production leads to formation of ischemia modified albumin 

(IMA) by modifying serum albumin with oxidation [10]. 

 In a study regarding the correlation between 

antioxidants and bladder cancer performed by Islam et al. [14], 

there was a decrease in the activity of antioxidant enzymes 

(superoxide dismutase, catalase, glutathione and paraoxonase) in 

the tissues of patients with bladder cancer. As a result, imbalance 

occurs between oxidizers and antioxidants. It shows that the 

imbalance has a potential role in etiology and progress of bladder 

cancer.  

 How oxidant-antioxidant balance plays a role in cancer 

pathogenesis has been mentioned in detail in the studies above. 

Therefore, we think that IMA and serum total sulfhydryl levels, 

both of which are antioxidant markers, can be used as 

biomarkers to diagnose bladder tumors. In this study, there is a 

statistical significance in the parameters of both patient and 

control groups when serum IMA and total sulfhydryl level were 

compared. No previous study has been conducted regarding 

serum total sulfhydryl level in patients with bladder tumor. In 

this sense, our study is a first.  

 There are many studies revealing the correlation 

between serum IMA level and cancer. In a study by Qing-Xing 

Huangai et al. [15], serum IMA levels strongly correlated with 

serum albumin levels in patients with advanced gastric cancer. 

Serum IMA level in patients with pre-operative advanced gastric 

cancer was indicated as an independent prognostic factor for 

operation. 

  Erkut et al. [16] identified that IMA could be used as a 

hypoxic indicator in acute leukemias. 

 In another study, Da Silveria RA et al. [17] found that 

both inflammatory and oxidative processes increased in prostate 
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cancer, and accordingly, serum IMA level was high while 

antioxidant defense decreased.  

 In the study of Ellidag et al. [18], total antioxidant status 

(TAS) level was lower compared to the control group, and total 

antioxidant status (TOS) and IMA levels were higher. Also, 

serum albumin levels were significantly low in these patients. 

 Currently, there is no strong non-invasive test to 

diagnose bladder tumors early. Early diagnosis is significant for 

the patients at risk of bladder tumor. When bladder tumor is 

diagnosed with the current diagnostic techniques, more than 70% 

of the cases are non-muscle invasive and 30% have already 

invaded the muscle or are metastatic. The 5-year survival rate of 

early bladder tumor is 94%, while it is lower than 50% in 

muscle-invasive stage and lower than 20% if metastatic [19]. 

 Studies have reported that serum IMA levels are high in 

diverse types of cancer and hypoxic diseases. These studies state 

that serum IMA level is directly related to cancer. It can be also 

used as a biomarker in some types of cancer and as a prognostic 

factor in others. In the studies of Wong et al. [19], the 

importance of early diagnosis of bladder tumor was indicated in 

detail on the survey.  

In our study, serum IMA levels were significantly 

higher in the bladder tumor patient group compared to the 

controls, and especially higher among patients with a tumor size 

greater than 3 cm and high-grade tumors. According to these 

results, serum IMA level can be used as a biomarker in patients 

with bladder tumors. Although the specificity of serum IMA 

level is lower than cystoscopy in bladder tumor, it is a more non-

invasive method.  

Total sulfhydryl groups are a significant part of the 

antioxidant defense against free radicals [20]. Another target of 

free radical attacks is sulfhydryl groups bound to proteins. 

Compounds with sulfhydryl have a significant role in protecting 

cells against particularly reduced glutathione free radical damage 

[21]. Total sulfhydryl would be a protective biomarker against 

cancer as an antioxidant, which is why serum total sulfhydryl 

level was measured in patients with bladder tumors in this study. 

It was significantly lower in the overall patient group, in those 

with tumor sizes greater than 3 cm and high-grade tumors.  

Limitations 

The limitations of our study are the small number of our 

patients and the fact that IMA and total TSH levels were not 

checked in the follow-up of patients after primary surgery.  

There is a need for large-scale studies which investigate 

the use of IMA and total TSH levels in patients with bladder 

tumors. 

Conclusions 

We determined that serum IMA level is high, and serum 

total sulfhydryl level is low in bladder tumors. Both parameters 

are non-invasive biomarkers in the diagnosis of bladder tumor. 

The results were more significant in high grade tumors and those 

larger than 3 cm in size. In addition, IMA and TSH may play key 

roles in the etiopathogenesis of bladder tumors. Therefore, the 

measurement of total sulfhydryl level, especially in bladder 

tumors, is a first in the literature. There is a need for further, 

comprehensive studies on the subject. 
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