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 Cathepsins are the sarcoplasmic proteins which originates from the 

lysosomes, also known as the lysosomal protease. They have a 

significant role in the intracellular homeostasis like in the energy 

metabolism, immune response, intracellular protein dehydration and 

coagulation. Through this study we aim determine the association 

between Cathepsin D (CATHD) activity and the parameters which leads 

to cardiovascular diseases. Multiple parameters which are linked with 

the heart diseases were examined in the study. The following factors 

included, total cholesterol (TC), Lactate dehydrogenase (LDH), Low 

Density Lipoprotein (LDL), High Density Lipoprotein (HDL), Creatine 

kinase (CK), Triglyceride (TG), Very low density lipoprotein (vLDL), 

alanine aminotransferase (ALT), arylesterase and cathepsin D 

(CATHD). A positive correlation between the TGs and atherosclerosis 

was observed. In addition to it, atherosclerosis was found to be linked 

with elevated levels of, Total cholesterol, LDL and VLDL. While in case 

of cardiac diseases, elevated levels of ALT, CK, CATHD and LDH were 

seen.in the healthy individuals the levels of CATHD were more in 

females as compared to males, and more in nonsmokers as compared to 

smokers. 
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1. Introduction 

One of the most significant and a prominent physiopathological factor which contributes to the heart failure 

is the oxidative stress. The disturbance in the balance of the production of reactive oxygen and endogenous 

anti-oxidative mechanism becomes inadequate. The oxidative stress targets the myocardium and results into 

the left heart failure [1]. 

 

There are multiple risk factors associated with myocardial infraction, which are either modifiable factors, 

non-modifiable factors or associated medical conditions. Non-modifiable includes gender, age and family 

history. While modifiable risk factors are obesity, cholesterol, smoking, stress, alcohol use and dietary 

factor [2]. Furthermore, the associated medical conditions with myocardial infraction are hypertension, 
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diabetes, atherosclerosis, and others. 

 

Cardiovascular disease are more common in males as compared to the females and it is more prevalent in 

the people who are above 55 years old as compared to the younger population [3]. Family history is another 

non-modifiable risk factor of the heart failure. It has been found that people who have cardiovascular 

diseases in the family history are more prone to acquire CVDs than others [4]. Factors like smoking, 

obesity, sedentary life style, unhealthy eating habits and alcohol tend to increase the risk of cardiovascular 

diseases and prolong practice results into heart failure and associated conditions. 

 

Cathepsins (CTSs) are the sarcoplasmic proteins which originates from the lysosomes, also known as the 

lysosomal protease [5], [6]. They have a significant role in the intracellular homeostasis like in the energy 

metabolism, immune response, intracellular protein dehydration and coagulation. They are mainly 

responsible for the degradation of the intracellular proteins. They are further categorized in to three sub 

categories, serine, aspartic, and cysteine. 

 

Studies have stated that the alteration in the levels of CTSs have resulted in to many age related or 

neurodegenerative diseases [7]. The levels of CTSs are found to be elevated in the older adults, which leads 

to the occurrence of diseases like Parkinson’s disease and Alzheimer’s disease. However, with respect to 

the cardiac failure, the levels of CTSs are phase dependent. In the sub-acute phase of myocardial infraction 

the level of CTSs are up regulated while it reduces with time and in the chronic phase the levels are found 

to be down regulated [8], [9]. The present study aimed to examine the risk factors of cardiovascular diseases 

and to determine the association between Cathepsin D activity and the parameters which leads to 

cardiovascular diseases alongside identifying the comparison between the CATHD levels in smokers and 

nonsmokers, males and females and normal weight, over weight and obese patients 

 

2. PATIENTS AND METHODS 

 

2.1 Sample Size 

A total of 150 participants were selected for the study who had the age range of 30 to 70 years old. They 

were divided into three groups, 

GI= The control group which were healthy individuals, 

GII= Cardiac disease group, 

GIII= high-risk group for heart diseases (age, sex, BMI, and high lipid profile). 

The sample was selected from the cardiac unit of the “Ibn Sina Teaching Hospital”. The consent was 

recorded of each individual. A detailed medical screening was done of each participant prior to the selection 

for the study. 

 

Individuals with the diagnosed case of high-risk for cardiac disease and any cardiac disease were included 

in the study. The inclusion criteria of the study covered smokers and non-smokers, both the genders, males 

and females and all ranges of BMI. Post-surgical patients, patients who had any other associated medical 

condition like Chronic obstructive pulmonary diseases or asthma, and other complications were not 

included in the study. 

 

2.2 Study Groups 

There were three study groups. Group I was named as the controlled group; with a total of 48 members 

(n=48) (24 males and 24 females). Group II was cardiac diseases group, it had 30 males and 21 females 

(n=51). Group was III high risk for cardiac diseases and It had 48 members (27 males and 21 females). 
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2.3 Study Parameters 

Multiple parameters which are linked with the heart diseases were examined in the study. The following 

factors included, total cholesterol (TC), Lactate dehydrogenase, low-density lipoproteins (LDL), High-

density lipoproteins (HDL), Creatine kinase (CK), Triglyceride (TG), Very low density lipoprotein 

cholesterol (vLDL), alanine aminotransferase (ALT), arylesterase, and cathepsin D (CATHD). 

 

2.4 Collection of Blood Sample 

Approximately 5ml of blood was collected from the cephalic vein after 10 hours of fasting. Serum was 

obtained by centrifuging the blood at 1500rpm for 10 minutes.  Cathepsin D was measured by the method 

of Anson as modified by Barret at PH 3.0 and 37 with hemoglobin as substrate in 400 Mm citrate buffer. 

The reaction was stopped by adding 5%trichloroacetic acid solution. 

 

2.5 Statistical Analysis 

Quantitative data were analyzed in SPSS version 22.0. All the data was presented as means ± standard 

deviation values. The Correlation between disease status and measured dependent variables was evaluated 

by determining the correlation coefficient (r). A regression analysis was performed, and the coefficient of 

determination (R2) was calculated. Differences with p values <0.05 were considered statistically significant.  

 

3. RESULTS 

The demographic details addressed the gender, BMI and the status of being a smoker or a non-smoker. In 

the control group, amongst the healthy individuals, there were 24 males and 24 females. On the examination 

of the body mass index it was found that 30 participants had the normal body weight while rest 18 were 

overweight. 30 participants were smokers and 18 were nonsmokers. 

 

In the group of atherosclerosis, there were 27 males and 21 females. Amongst them 3 had normal weight, 

30 were overweight and 30 participants lied in the category of obesity. In the atherosclerosis group their 

total number of smokers were 18 while 30 were nonsmokers. 

 

In the group of cardiac diseases, there were 30 males and 21 females. On the scale of body mass index, 3 

were normal weighted, 27 candidates were overweight and 21 lied in the category of obesity (Table 1). 

 

Table 1. Demographic characteristics of studied group. 

Studied groups (n) Control 
(n=50) 

Atherosclerosis 
(n=50) 

Cardiac disease 
(n=50) 

Age (years) 3-70 

Sex(Male: Female) 24:24 27:21 30:21 

BMI (kg/m2) (nw:ow:ob) 30:18:0 3:30:15 3:27:21 

Smoker: non-smoker 30:18 18:30 21:30 

Nw=normal weight, ow=overweight, ob=obese 

 

All the three groups were tested on 10 parameters, including lipid profile, enzymes and cathepsin D. Total 

cholesterol was 150 mg/dl in controlled group, 250 mg/dl in the group of atherosclerosis and 200 mg/dl in 

the cardiac diseases. LDL was lowest in the controlled group 100 mg/dl, in atherosclerosis group it was 

found to be 180 mg/dl and in the cardiac diseases group the level of LDL was 150 mg/dl. Lactate 

dehydrogenase was found highest in the cardiac diseases group, which was 200 U/ml, while in 

atherosclerosis and controlled group it remained the same at 100 u/ml. likewise, Creatine kinase also 

remained the same in controlled and atherosclerosis group as 110 U/ml while it was found elevated in the 

cardiac diseases group which was 130 U/ml (figure 1). 
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Figure 1. Measured parameters (lipid profile, enzymes, cathepsin) in Group I (control), Group II (high risk 

for cardiac diseases), and Group III (cardiac diseases). Barcharts represent mean±SD, *#p<0.05 

(*significantly higher as compared to control group; #significantly higher as compared to disease groups. 

 

Triglycerides were normal in the controlled group which were 100 mg/dl, in atherosclerosis group they 

were most raised which were 250 mg/dl and in cardiac group they were 180 mg/dl. Very low density 

lipoproteins were most raised in the atherosclerosis group which were 40 mg/dl, in the controlled group 

they were 20 mg/dl and 35mg/dl in the group of cardiac diseases. 

 

HDL levels were found to be decreased in both the atherosclerosis group and cardiac diseases group which 

were 35 mg/dl. In the controlled group he level of HDL were 40 mg/dl. Arylesterase was highest in the 

controlled group, which was 140 U/ml. in atherosclerosis group the levels of arylesterase were 60 U/ml and 

in cardiac diseases it was 100 mg/dl. 

 

Lastly, CATHD was highest in cardiac diseases which was around 180 u/ml, in atherosclerosis it was 100 

u/ml and in controlled group it was 50 u/ml. 

 

All the three groups were generally compared on the basis of the demographics. In the comparison study of 

the three groups with respect to gender we have found that CAHD was found more in women and less in 

men, the values in the controlled group were 50 u/ml in males and 60 u/ml in females. The following 

difference sustained in the cardiac diseases group and in the atherosclerosis group too. 

 

On smokers versus non-smokers, in controlled group the levels of CATHD was higher in non-smokers and 

low in smokers. However, in atherosclerosis, the levels remained the same.  On the comparison of BMI vs. 

the groups. Atherosclerosis had no difference in the levels of CATHD, meanwhile in terms of the cardiac 

diseases the obese patients had less amount of CATHD as compared to normal and overweight people 

(figure 2). 
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Figure 2. Cathepsin levels in different condition comparing between male, female, smokers, non-smokers, 

obesity in tested groups (control, atherosclerosis, cardiac disease). Data expressed as mean±Sd. $#p<0.05 as 

compared to control subjects. *p<0.05 as compared to the same group. 

 

Atherosclerosis refers to the condition in which the arteries lose their elasticity and hardens due to the 

deposition of fatty substances including the cholesterol, calcium, cellular waste products, and fibrins [10]. 

From the following text it has been found that there is a strong link between atherosclerosis and 

triglycerides, and cholesterol. Many studies found the following results, Geovanini and Libby stated in their 

study that Hypertriglyceridemia is one of the major risk factor for cardiac diseases [11]. The high level of 

triglycerides in the blood warns about the excess atherogenic lipoproteins in the blood. This indicates the 

increasing prevalence of cardiovascular diseases. Although, there is lack of evidence about the direct 

association of the TGs and artherogenics however there are strong evidences of their combined effects 

(Table 2). 

 

Table 2. Correlation between disease status and measured dependent variables 

CK ALT LDH Arylesterase r 

0.484 0.01 0.457 0.242 Cardiac disease 

0.445 0.377 0.548 0.369 Atherosclerosis 

 

Apo C-III is a pro-inflammatory protein which is highly associated with atherosclerosis as it is found in 

almost every lipoprotein [12]. The remnants of triglycerides rich lipoproteins including the remnants of 

LDL and VLDL are the potential causes which independently increases thermogenesis. Furthermore many 

remnant species are a result of the incomplete hydrolysis which is carried out by lipoprotein lipase (LPL), 

like it removes the esters form the high density lipoproteins through ester transfer protein [13]. All these 

triglycerides rich species ends up forming the plaque in the arteries which causes atherosclerosis. 

 

On the other hand, it has been found in the results of the following study that the levels of LDH and CK 
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have markedly increased in the cardiac disease group. Studies indicates that lactate dehydrogenase is 

associated with the damage of heart tissues therefore, when there is an insult of any tissue, it triggers 

necrosis and that leads to the increased level lactate dehydrogenase. However, it is not specific for only 

cardiac diseases [14]. 

 

Another biological marker of the cardiac disease which was also found in the results of the following study 

is the elevated level of the Creatine Kinase. It remains normal after 4 to 6 hours of the cardiac insult; 

however, it represents chronic cardiac failure. In addition to this, CK can be elevated because of many other 

reasons too, like kidney injury. This makes not very specific for the evaluation of cardiac attack [15]. 

 

Studies conducted on cathepsin has revealed that cathepsin play a fundamental role in several diseases, 

including atherosclerosis [16], abdominal aortic aneurysm [17], cancer [18], obesity [19] and type 2 

diabetes [20]. [21] reported that there is a significant increase of circulating cathepsin S level in both 

diabetes and atherosclerosis. And [22] discovered an increased level of cathepsin S at both the mRNA and 

protein levels in non-obese diabetic mouse model. Several clinical studies suggested that cathepsin S may 

be involved in the destabilization and rupture of atherosclerotic plaques [23- 25]. Thus, the aforementioned 

studies indicated that cathepsin S may serves as a biomarker for disease such as diabetes and 

atherosclerosis. In addition to these conditions, other cardiovascular illness need to be considered for 

cathepsin role even those with congenital in origin [26] or drug induced [27] or vascular diseases [28], [29] 

associated with hyperlipidemia [30], [31], diabetes mellitus [32- 35], metabolic syndrome [36]. 

 

4. CONCLUSION 

Overall the following study concludes with the demonstration between the links of different parameters 

with the cardiac disease. Firstly, obese patients were more prevalent to the cardiac diseases as compared to 

normal weight people, however we failed to find the link between the smokers and nonsmokers with CVDs. 

Secondly, a positive correlation between the TGs and atherosclerosis was observed. In addition to it, 

atherosclerosis was found to be linked with elevated levels of, Total cholesterol, LDL and VLDL. While in 

case of cardiac diseases, elevated levels of ALT, CK, CATHD and LDH were seen.in the healthy 

individuals the levels of CATHD were more in females as compared to males, and more in nonsmokers as 

compared to smokers. 
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