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  ABSTRACT  
Coenzyme Q10, SRNS, Biomarker  Steroid-resistant nephrotic syndrome is a causative agent of end-stage 

kidney disease in children and young people. A genetic factor is 

responsible for around 30% of children with steroid resistance. In the 

first decades of the new century, research has revealed a role for CoQ in 

the regulation of gene expression, mitochondrial activity, and cell 

signaling. Primary CoQ10 insufficiency may be susceptible to treatment 

with CoQ10 supplements by omitting the biosynthetic deficiencies. The 

objective of present research: Analyze the association between steroid 

response coenzyme Q10 serum levels. HPLC evaluate serum coenzyme 

Q10 in total 80 patients with NS (40 SRNS and 40 SSNS) and 80 health 

control of Iraqi origin. Highly significant difference in COQ serum level 

between control and nephrotic groups (p˂0.001). This is the first 

research project of its kind in Iraqi origin to look the relation between 

serum COQ10 level and pediatric steroid resistance nephrotic syndrome 

.serum Q10 as diagnostic biomarker in patient with ADCK4 associated 

SRNS. 
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1. Introduction 

One of the most prevalent kidney illnesses in children is nephrotic syndrome (NS) [1]. Edema is the most 

frequent side effect because of substantial glomerular filtration barrier change brought on by a variety of 

factors and hypoalbuminemia (3.5 g/dL); In response to hypoproteinemia, hyperlipidemia is dependent on 

hepatic protein synthesis, and the hypercoagulable state is maintained by a combination of antithrombotic-

prothrombotic mechanism imbalance, aberrant platelet activation, and deficient fibrinolysis [2]. Patients 

with steroid resistant nephrotic syndrome (SRNS) do not achieve remission despite daily prednisolone at a 

dose of 2 mg/kg or 60 mg/m2 for 4 weeks, which has recently been extended to 6 weeks. SRNS has a poor 

prognosis, with 36-50% of patients progressing to end stage kidney disease (ESKD) within 10 years [3]. 

Idiopathic NS is hypothesized to be caused by immunological dysregulation or hereditary structural 

abnormalities of the podocyte [4]. Strong factors that are implicated in the development of proteinuria and 

podocyte injury in Nephrotic Syndrome include an imbalance of ROS induction and deficient antioxidant 
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systems (NS). Free radicals are highly reactive molecules that bind to lipids, proteins, and nucleic acids. As 

part of oxidative metabolism, the kidney produces a tiny quantity of reactive oxygen species (ROS), which 

is easily tolerated. If produced in greater quantities locally, ROS could potentially cause or contribute to 

glomerular structural damage, resulting in altered glomerular permselectivity [5]. Several investigations 

have shown that reactive oxygen species (ROS) can cause proteinuria and podocyte destruction [6]. 

Increased ROS levels result in increased expression of oncogenes, the production of carcinogenic 

chemicals, atherogenic activity, and inflammatory processes, as well as lower levels of physiological 

antioxidant activity, such as coenzyme Q10 [7]. 

 

The endogenous lipophilic quinone CoQ10 promotes cellular bioenergetics. In its reduced form, ubiquinol, 

a radical scavenger, supports the cellular antioxidant network. In the second part of the twentieth century, 

researchers concentrated on CoQ's bioenergetic and antioxidant capabilities. During the first decades of the 

new millennium's study, CoQ was identified to play a role in gene expression control, mitochondrial 

activity, and cell signaling [8]. Mutations in genes involved in the production of CoQ10 (ubiquinone), such 

as COQ6, COQ2, PDSS2, and ADCK4 (COQ8B), have also been related to child-onset FSGS nephrotic 

syndrome and steroid resistance nephrotic syndrome SRNS [9]. CoQ10 deficiency is the underlying disease 

cause in 1%-2.7% of SRNS patients and up to 10% of those with a genetic etiology [10]. 

 

2. Methods and Materials 

 

2.1 Study design 

A randomized, case-controlled study was carried out from April till December 2021, authorized by Al-

Nahrain University's College of Medicine's Institutional Review Board (I.R.B.). This study conducted on 

160 patients. 80 patients as study group with nephrotic syndrome and the remaining (80) as control without 

nephrotic syndrome, who attended pediatric hospital in Misan, in addition to outpatient’s clinic. The study 

group had been divided into two groups:(Group I: consist of 40 patients characterized with steroid response 

nephrotic syndrome. Group II: 40 patients with steroid resistance nephrotic syndrome). 

 

The included ages 2-14 year’s. SRNS is consist of resistance to conventional daily oral 2 mg/kg prednisone 

(maximum dose 60 mg/day) therapy either at the initial presentation (initial steroid non-responders) or 

during follow-up (late steroid non-responders). An initial non-responder is defined as “failure to achieve 

complete remission after 4–8 weeks of corticosteroid therapy”, and a late nonresponder is defined as 

“persistent proteinuria during 4 or more weeks of corticosteroids following one or more remissions [11]. 

 

2.2 Coenzyme Q10analysis 

Coenzyme Q10 was tested using an isocratic HPLC pump with manual injector and adjustable wavelength 

UV/visible detector (ubiquinone). Coenzyme Q10 was oxidized and extracted from lipophic proteins during 

sample processing. The resulting solution is clarified and prepared for HPLC analysis using solid phase 

extraction [12]. Blood samples containing ethylenediamine tetraacetic acid (EDTA) were taken and 

centrifuged (1500 g, 10 min) to separate plasma. The samples were kept at 80 degrees Celsius until the CoQ 

analysis [13]. The fundamental quantitation process is the external standard (ESTD) quantitation procedure, 

in which both calibration and unknown samples are analyzed under the same circumstances. The unknown 

sample's results (typically peak height or peak area measured using a data system) are then compared to 

those of a calibration sample using a calibration curve to compute the quantity in the unknown [14]. 

 

Table 1: lists the HPLC analytical parameters for coenzyme Q10: 

Injection sample volume  50 µl 
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Flow rate  1 ml\min 

Wavelength 305 nm 

Mobile phase  Acetonitrile 20% + Isopropanol 80% 

 

3. Result 

A total of 80 pediatric patients diagnosed with NS and 80 healthy controls participated in the study. 

Standard and all samples (patients and control) showed Q10 curve figure (1 and 2). coenzyme Q10 showed 

significant differences between all groups subjected to the current study in which SRNS patients showed the 

lowest levels followed by SSNS patients given that the levels of both groups were significantly lower than 

those of controls as illustrated in table (2). 

 

 
Figure 1: Standard curve of external Coenzyme Q10 sample (446mg\500µl) 

 

 
Figure 2: Curve of sample serum after precipitated proteins 

 

Table 2: Co-enzyme Q10 in patients in comparison with controls 

 Group mean±SD Pa Pb Pc Pd Pe 

Q
 1

0
 (

n
m

o
l/

l)
 Control (n= 80) 2402.74±336.39 

<0.001 <0.001 <0.001 <0.001 <0.001 

NS patients 

(n=80) 

794.31±459.54 

SSNS (n=40) 1256.02±310.83 

SRNS (n=40) 454.1±132.91 

 

NS: Nephrotic syndrome; SSNS: Steroid sensitive nephrotic syndrome; SRNS: Steroid resistance nephrotic 

syndrome; Pa value between NS patients and control; Pb value between SSNS patients and control; Pc value 

between SRNS patients and control; Pd value between SSNS and SRNS; Pe value among all groups by 
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ANOVA test. 

 

4. Discussion and conclusion 

The purpose of this research was to examine the enzyme Q10 serum levels between steroid resistance and 

steroid response nephrotic syndrome in comparison with control group. 

 

ADCK4 is found in the mitochondria of Podocytes and is required for the production of coenzyme Q10 

(CoQ10). Coenzyme Q is an electron transporter that is essential to the respiratory chain. ADCK4, an 

atypical protein kinase, is assumed to be the human orthologue of CoQ8 and is essential for the 

phosphorylation of Q3, Q5, and Q7, all of which contribute to the formation of coenzyme Q10 (CoQ10). 

Mutations in ADCK4, which can be inherited, induce both primary CoQ10 deficiency and mitochondrial 

dysfunction. The clinical manifestation of the ADCK4 mutations was a steroid-resistant nephrotic syndrome 

(SRNS). ADCK4 suppression causes reduced podocyte migration, which can be avoided by taking CoQ10 

supplements. Children with a primary CoQ10 deficiency may benefit from oral CoQ10 supplementation if 

deficiencies in CoQ10 biosynthesis are identified as soon as possible. As a result, early discovery of these 

flaws is crucial [15], [16]. 

 

In our study, coenzyme Q10 showed highly significant differences (p˂0.001) between all groups subjected 

to the current study in which SRNS patients showed the lowest levels followed by SSNS patients given that 

the levels of both groups were significantly lower than those of controls as illustrated in table (3-4). This 

finding is in line with other research showing that patients with ADCK4 mutations have significantly lower 

levels of total CoQ10 [17], [18]. 

 

In conclusion, steroid resistance nephrotic syndrome associated with reduced serum level of coenzyme Q10, 

Q10 (CoQ10) may serve as a useful diagnostic biomarker and predictor of gene variants in nephrotic 

patients and the likelihood of developing steroid resistance. The treated way includes early CoQ10 

supplementation may help ADCK4-mutated patients to increase COQ-podocyte complex stability, reduce 

drug resistance and decrease or prevent progression to end stage renal disease. 
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