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Introduction 
An important risk factor in progression of microvascular 
and macrovascular complications in diabetes is 
oxidative stress. Hyperglycemia induces the production 
of mitochondrial reactive oxygen species (ROS) in 
endothelial cells of both large and small vessels. ROS 
production leads to the increase in the formation of 
advanced glycation end products (AGEs), which can cause 
activation of a number of proinflammatory pathways, 
associated with the pathogenesis of cardiovascular 
complications of diabetes.1 Glycemic control can 
decrease the mortality rate by impairing the glycation 
of lipoproteins, enzymes, and other components of lipid 
metabolism, and inhibiting AGEs formation.2,3 Chemical 
chaperones (such as amino acids, polyols like glycerol and 
amino compounds like polyamines) are small molecules 
that can prevent the change in protein structures and 
functions due to glycation.4,5 Some previous studies 
illustrated that the essential unsaturated fatty acids play 

a key role as antioxidants and increase the inherent anti-
oxidative activity.6,7 Linolenic acid is one of the essential 
unsaturated fatty acids, which has significant anti-
oxidative effects.8-10 Beneficial effects of unsaturated fatty 
acids in lowering the risk of cardiovascular diseases have 
been demonstrated.11-13 Additionally, some studies showed 
that arachidonic acid, another essential unsaturated fatty 
acid, has a protective role against the reduction of other 
fatty acids and also it preserves physiological mechanisms 
in animal models.14-16 Besides, essential unsaturated 
fatty acids can increase the anti-oxidative activity of 
catalase which is an essential antioxidant enzyme for 
protecting cells against damages.8,9  Catalase can convert 
hydrogen peroxide to oxygen and water. This antioxidant 
enzyme can normalize renal dysfunction in diabetes 
such as albuminuria and glomerular hypertension 
and glomerular pathologies.17 Protein glycation (non-
enzymatic glycosylation) due to hyperglycemia is one of 
the most important mechanisms that changes proteins 
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Abstract
Background: Assessment of changes in structure and activity of catalase, as an antioxidant 
enzymatic protein, in combination with glucose and essential unsaturated fatty acids is the aim 
of present study. 
Materials and Methods: In order to investigate the activity and structure of catalase, a solution 
of this enzyme with 10 mg/mL concentration in phosphate buffer (0.1 M) and pH = 7.4, in the 
presence and absence of 50 mmol glucose was prepared, filtered, and then incubated for 4 
months at 37°C with and without fatty acids including linolenic, linoleic, and arachidonic acids, 
separately. Samples were taken from each tube of solution, every 14 days for 4 months, to assess 
the fluorescence emission, circular dichroism (CD) and activity. 
Results: According to the results, catalase showed increase in fluorescence emission and decrease 
in activity after incubation with glucose in comparison with pure protein. Moreover, catalase 
showed alteration in CD after incubation with glucose during 4 months. After incubation with 
glucose and each of the mentioned unsaturated fatty acids, alterations of catalase were neared 
toward normal level in fluorescence emission, CD, and activity in comparison with pure protein. 
 Conclusion: Functional and structural protection of catalase against damages from hyperglycemic 
environment with addition of essential unsaturated fatty acids was proved in our investigation. 
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and leads to structural changes and dysfunction of the 
protein. Glycation of catalase causes structural damage 
and impairs physiological function of this enzyme.18,19 
However, the non-glycated setting of this anti-oxidant 
can protect other components against oxidative stress and 
also can decrease the risk of cardiovascular diseases.20,21 
In this study, we set out to assess the efficacy of some 
essential unsaturated fatty acids including arachidonic 
acid, linoleic acid and linolenic acid on structural and 
physiological function of catalase as an antioxidant 
enzyme in an in vitro setting. Due to high prevalence of 
cardiovascular diseases and diabetic nephropathy in type 
2 diabetes, the presence of essential unsaturated fatty 
acids in the diet of these patients has been suggested for 
lowering the risk of renal and cardiovascular diseases. 

Material and Methods
Assessment of the structural changes of catalase (an 
enzymatic protein) was performed with fluorimetry and 
circular dichroism (CD) spectra. Using 2 laboratorial 
methods to distinguish the structural changes of protein 
in this study could be analyzed from 2 different features. 
Comparison of the final results with each other increased 
the accuracy of the measurements and integrity of the 
data. Fluorescence spectroscopy gives us information 
about the rate of changes of protein fluorescence with a 
definite wavelength in specific laboratory conditions. 
The structural changes were evaluated by maintaining 
the conditions and through the measurements of 
emission from the excited proteins. We used Shimadzu 
Spectrofluorometer RF-5000 (Japan, Kyoto) at excitation 
and emission wavelengths of 350 and 440 nm, respectively. 
CD spectroscopy measured the changes in secondary 
structure of protein. The changes of optical rotation of 
protein at a definite wavelength, which was subjected to 
polarized light, demonstrate the structural changes.

In order to study the nature of the activity of enzymatic 
protein (catalase), its solution with 10 mg/mL in 

phosphate buffered saline (PBS) with concentration of 0.1 
M and pH = 7.4, in the presence and absence of filtrated 
glucose (with 50 M concentration) and afterwards it 
was incubated for the duration of 4 months at 37°C and 
in the presence and absence of linoleic, linolenic and 
arachidonic acids (as essential unsaturated fatty acids) 
with 0.5% volume-weight concentration. In a time span 
of 14 days, until the end of 4 months, samples were taken 
from each test tube related to catalase solution and kept 
at -80°C. 

The activity of enzymatic protein (catalase) in this 
study was assessed by using related activity assay kit. 
Measurement of catalase activity in the presence and 
absence of high concentrated glucose and in the presence 
and absence of unsaturated fatty acids was performed. 
Analyzing of data and drawing the curves were performed 
by using of SPSS version 22.0 (IBM Corporation, New 
York, United States) and 2013 EXCEL software.

Results
In this study, the effects of linoleic and linolenic and 
arachidonic acids on structure and activity of catalase 
under the condition of presence and absence of highly 
concentrated glucose were studied. To this end, solution 
of catalase (incubated for 4 months) with highly 
concentrated glucose in the presence and absence of 
essential unsaturated fatty acids, was studied (For 3 
sample types; i.e. enzyme alone, enzyme with glucose, and 
finally enzyme with both glucose and fatty acids). 

Assessment of Enzymatic Structure Through Fluorescence 
Spectroscopy Method
Figure 1 shows the changes in fluorescence emission of 
glycated forms of catalase in the presence and absence 
of essential unsaturated fatty acids, at an excitement 
wavelength of 35 nm and emission wavelength of 440 nm. 
Results of fluorimetry indicated that glycation of catalase 
and formation of glycoforms in the presence of glucose 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Percentage of Fluorescence intensity (F %) of catalase (C), alone, after incubation with 
glucose and after incubation with glucose and each fatty acid in order (Linolenic acid (L1), Linoleic 
acid (L2), Arachidonic acid (L3)) over time (100 days). The excitation and emission wavelengths 
were 350 nm and 440 nm. Blue line: enzyme alone, Red line: enzyme+glucose, Orange line: 
enzyme+glucose+fatty acid   
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Figure 1. Percentage of Fluorescence Intensity (F %) of Catalase (C), Alone, After Incubation With Glucose and After Incubation With 
Glucose and Each Fatty Acid in Order (Linolenic acid [L1], Linoleic acid [L2], Arachidonic acid [L3]) Over Time (100 days). 
The excitation and emission wavelengths were 350 nm and 440 nm. Blue line: enzyme alone, Red line: enzyme + glucose, Orange line: 
enzyme + glucose + fatty acid . 
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gradually increased simultaneously with the increment 
of incubation time. However, addition of essential 
unsaturated fatty acids into catalase solution resulted in 
significant reduction in fluorescence emission by the end 
of 4 months. 

Assessment of Enzymatic Structure Through Circular 
Dichroism Method 
Based on Figure 2, data gathered from the study of 
CD spectrum relating to the samples of catalase at the 
end of 4 months of incubation showed a comparative 
impairment of secondary structure of catalase in the 
presence of glucose and slowing down in the trend of 
glycation process and preservation of secondary structure 
of protein in the presence of essential unsaturated fatty 
acids. The results of this observation put emphasis on the 
subject that secondary structure of catalase, in presence 
of glucose distance from natural conformation, but in the 
presence of essential unsaturated fatty acids, it tended to 
approach normal value. 

Assessment of Enzymatic Activity Through the 
Colorimetric Method
The role of glucose and essential unsaturated fatty acids 
in enzymatic activity of catalase is shown in Figure 3. This 
figure demonstrates that the activity of catalase enzyme in 
the presence of glucose decreased, while in the presence 
of essential unsaturated fatty acids, this activity tended 
towards normal rate.

Discussion
Hyperglycemia induces mitochondrial ROS production 
that causes vascular complications such as nephropathy 
and cardiovascular diseases in diabetes.21,22 Hence, 
prevention of diabetes complications has always drawn 
the attention of researchers. Meanwhile, one method 
which is vastly studied is using therapeutic supplements. 
Studies have shown that the supplements which have 
natural biochemical structure are prescribed to the 
patients along with the main diabetes drugs. Structure 
of these supplements is similar to the corresponding 

Figure 2. Changes in Circular Dichroism of Catalase Alone, After Incubation With Glucose and After Incubation With Glucose and Each 
Fatty Acid in Order (Linolenic Acid [L1], Linoleic Acid [L2], Arashidonic Acid [L3]). Blue line: enzyme alone, Red line: enzyme + glucose, 
Orange line: enzyme + glucose + fatty .

Figure 3. Changes in Activity Of Catalase Alone, After Incubation With Glucose And After Incubation With Glucose  and Each Fatty Acid in 
Order (Linolenic Acid [L1], Linoleic Acid [L2], Arashidonic Acid [L3]). Blue line: enzyme alone, Red line: enzyme + glucose, Orange line: 
enzyme + glucose + fatty .

 
 
 
 

 

 

 

 

Figure 2: Changes in circular dichroism (CD) of catalase alone, after incubation with glucose and 
after incubation with glucose and each fatty acid in order (Linolenic acid (L1), Linoleic acid (L2), 
Arashidonic acid (L3)). Blue line: enzyme alone, Red line: enzyme+glucose, Orange line: 
enzyme+glucose+fatty  
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structure of biochemical compounds in human body.22 
Essential unsaturated fatty acids are among these 
supplements. It has become clear that these fatty acids 
act as antioxidants.6,23 However, the related biochemical 
mechanisms have not been determined precisely. Our 
study is set up to make some progress in this respect. 
Using of linolenic and arachidonic acid led to a decrease 
in the rate of cardiovascular complications in animal 
models.10,15 In this study, we demonstrated that linoleic 
acid is capable of reinforcing the antioxidant system 
too. Also a comprehensive assessment in relation to 
the essential unsaturated fatty acids on the structure 
and activity of catalase was carried out in an in vitro 
setting. Similar studies were conducted to observe the 
activity of this antioxidant enzyme. The important role 
of catalase to reduce or inhibit infectious diseases has 
also been demonstrated. These diseases include kinds 
of free radicals that damage the body and catalase, as an 
antioxidant enzyme, can be effective to treat the mentioned 
diseases.8,11,16 In this study, we assessed not only the activity 
of catalase, but also their structure through fluorimetry 
and CD methods. In this study, it became clear that the 
normal structure of enzymatic protein (catalase) changed 
apparently when it was exposed to high concentration of 
glucose. However, when the essential unsaturated fatty 
acids were incubated with the glycated enzyme (glycated 
catalase), the structure of the glycated catalase showed 
significant change towards normal conformation, that 
was indicated through fluorimetry and CD spectroscopy.

Based on the results showed in Figure 1, essential 
unsaturated fatty acids were capable of causing 
fluorescence emission in glycated enzymes (glycated 
catalase) to tend towards normal rate. The rate of 
fluorescence emission in enzymatic protein was 
considered as the normal emission. The fluorescence rate 
is one of the indices which distinguish glycated form of 
catalase from the normal state. 

According to the results shown in Figure 2, the 
essential unsaturated fatty acids were capable of causing 
tendency in CD spectra of glycated enzymatic protein 
(catalase) to approach to the normal rate. Destruction 
of protein’s secondary structure in the presence of 
glucose and controlling glycation and maintaining the 
normal structure of protein in the presence of essential 
unsaturated fatty acids is shown in this figure. The net rate 
of CD spectrum of catalase was considered as the normal 
rate. The rate of CD spectrum is one of the indices which 
distinguish glycated form of catalase from the normal 
state. 

According to the result shown in Figure 3 about 
catalase, essential unsaturated fatty acids were capable of 
causing tendency in the rate of glycated enzyme activity 
of catalase toward the normal activity rate. The net rate of 
enzymatic protein activity was considered as the normal 
activity rate. Assessment of enzymatic activity on the side 

of enzymatic structure study has enriched the final results 
of this observation.

The research on structure-activity of antioxidant 
enzymatic protein such as catalase, demonstrated the 
condition of glycation, in combination with essential 
unsaturated fatty acids of this enzyme and also the 
condition of simultaneous combination with both of 
them, shall be able to affect the structure and activity 
of protein. This effect can prevent the glycation process 
of catalase and take it back towards the normal state. A 
similar interpretation can be made in this regard about 
protein activity.

Conclusion
In this study, we found that the structure and function of 
catalase can be affected by essential unsaturated fatty acids 
against hyperglycemic condition. Decrease of activity and 
structural changes of antioxidant enzyme (catalase) in 
hyperglycemic state is one of the well-known mechanisms 
of diabetes. Hence, this study can help to recognize one of 
the mechanisms involved in the development of diabetes 
complications and these results can be regarded as paving 
the way for treatment of this disease.
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