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Abstract: 
Introduction: Chronic kidney disease (CKD) is a global health issue affecting millions of world population and 
has emerged as a common complication of several chronic diseases like diabetes mellitus, hypertension, collagen 
vascular diseases etc. Chronic inflammation and enhanced oxidative stress are the hallmarks of CKD. Studies 
have reported CKD to be associated with hyperuricemia, mostly due to decreased renal clearance. Researchers 
have also pointed out that uric acid, in spite of being a natural antioxidant, does not help in reducing the oxidative 
stress in CKD patients rather it forms urate crystals and promotes inflammation further worsening the condition. 
But there are studies that have reported that elevated total serum bilirubin levels, but within the physiological 
range, may have a protective role on the kidneys. 
Aim of the study: To determine whether there is any correlation between the levels of total serum bilirubin [TSB] 
and serum uric acid and renal function [mainly serum creatinine] in CKD patients. 
Methods: 70 cases and 70 age-sex matched controls, in the age group of 30-80years, attending Medicine OPD of 
KPC Medical College and Hospital were recruited for this study, obeying inclusion and exclusion criteria. The 
biochemical assays were done in the biochemistry department of KPC Medical College and Hospital.  
Results: The mean serum urea (92.6 ± 43.67) and creatinine (3.48 ± 0.65) for the cases were significantly higher 
than that of controls (urea: 22.84 ± 9.32, creatinine: 0.92 ± 0.25) with p values of <0.0001. The mean TSB for 
cases (0.35 ± 0.16) was significantly lower than that of controls (0.82 ± 0.11) (p<0.0001) and the mean serum uric 
acid was higher for cases (6.07 ± 0.50) than that of controls (3.54 ± 0.61) (p<0.0001). There was a significantly 
negative correlation between TSB and creatinine among the cases (R= -0.35, p=0.003) and a significant positive 
correlation between serum uric acid and creatinine (R=0.97, p=0.00) among the cases. 
Conclusion: Increase in total serum bilirubin levels may play a protective role in CKD patients, while increased 
serum uric acid levels may have a role in disease progression of CKD. 
Keywords: Bilirubin, Uric Acid, Creatinine, Chronic Kidney Disease. 
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Introduction

Chronic kidney disease [CKD], also called Chronic 
Renal Failure [CRF], has emerged over the whole 
world as a common complication of several chronic 
diseases like diabetes mellitus, hypertension, 
collagen vascular diseases etc. There is a global 
increase in the number of cases of CKD and 
sometimes it is causing premature mortality [1]. 

Previous studies have revealed that oxidative stress 
is a significant causative factor in the pathogenesis 
of CKD [2, 3, 4]. Oxidative stress may result if there 
is an imbalance in the total formation of Reactive 
Oxygen Species [ROS] and the amount of 
antioxidants in our body [Total Antioxidant 
Capacity or Antioxidant Defense] [5]. Bilirubin is 
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the end-product of catabolism of heme mainly from 
hemoglobin in our body by a sequence of reactions. 
Bilirubin, both in conjugated and unconjugated form 
[bilirubin glucoronide] has both antioxidant and 
anti-inflammatory property in-vivo under normal 
physiological conditions [6]. There is a controversy 
about the role of total serum bilirubin [TSB] in the 
development and progression of CRF. Several 
researchers have reported that there is a protective 
role of TSB in renal outcome of patients of CKD [7, 
8, 9, 10]. Uric acid is the end product of purine 
catabolism and excreted in urine [11] and 
hyperuricemia is often noted in patients with 
compromised renal function. Thus, patients with 
reduced glomerular filtration rate [GFR] have 
increased levels of serum uric acid. Many 
researchers have proposed that uric acid plays an 
etiological role in the pathophysiology of chronic 
kidney disease. Some researchers have reported that 
uric acid plays a role in renal inflammation, intra-
renal vasoconstriction and renal failure induced by 
urate crystal formation [12, 13]. Usually, high levels 
of uric acid are encountered in patients of CKD, but 
whether it is a biomarker of renal dysfunction or an 
etiological factor for development of CKD has not 
been clearly established [14,15].  

Aims and Objectives: To determine whether there 
is any correlation between the levels of total serum 
bilirubin [TSB] and serum uric acid and renal 
function [mainly serum creatinine] in CKD patients  

Background: Chronic kidney disease (CKD), a 
serious global health burden, is responsible for 
affecting about 10% of the world's population. [1, 
16, 17] CKD is usually defined as renal damage with 
Glomerular Filtration Rate (GFR) < 60 ml/min/1.73 
m2 for 3 months or more, irrespective of the cause of 
the disease and is categorized into 5 stages [16, 17] 
It is typically asymptomatic at start with a long latent 
period. It is associated with several risk factors like 
diabetes, hypertension, obesity, positive family 
history for CKD, addiction like tobacco smoking, 
alcoholism etc. [17, 18, 19, 20] Typical clinical 
features include fatigue, swelling of feet & ankle, 
facial puffiness, muscle cramps, shortness of breath, 
urinary problems and features of dyselectrolytemia. 
[17, 20] 

Bilirubin is an end-product of haem catabolism, 
which is a component, mostly derived from 
haemoglobin or from other haemoproteins, like 
myoglobin, cytochromes, and catalase, occurring 
mostly in macrophages of reticulo endothelial 
system mainly spleen and liver. [21, 22] Bilirubin 
exists mainly in serum in two forms: direct bilirubin 
(DBIL) and indirect bilirubin (IBIL) where both are 
considered to have antioxidant & anti-inflammatory 
effects under physiological conditions. [6] Also it 
has shown to exhibit antithrombotic, lipid lowering, 
immunomodulating and insulin sensitizing 
properties. [1, 21, 23-25] Several studies have 

revealed inverse relationship between serum 
bilirubin and CKD. [7-10] Some retrospective 
observational studies have demonstrated elevated 
serum IBIL levels (>4.55 micromol/L) to be an 
independent protective factor for the progression of 
renal dysfunction in patients with CKD complicated 
with hyperuricemia (HUA). [21, 25, 26] Various 
mechanisms have been postulated or demonstrated 
like low concentration bilirubin having free radical 
scavenging activity, direct inhibition of NADPH 
oxidase activity and suppression of superoxide 
generation in vascular endothelial cells and renal 
tubular cells. [21] Bilirubin along with haem 
oxygenase can induce various immunomodulatory 
effects on the immune system, including reducing 
free radicals, relaxing vascular tone, inhibiting 
smooth muscle cell growth and promoting 
angiogenesis. [27] Bilirubin has also shown to 
suppress inflammatory responses in vivo by 
preventing leukocyte infiltration into target tissues 
and blocking vascular cell adhesion molecule-1 
(VCAM-1) signaling in endothelial cells, which was 
mediated by scavenging ROS generated by NADPH 
oxidase. [28] It also plays an important role in the 
adaptive immune system, by reducing mitogen-
stimulated proliferation and production of 
proinflammatory cytokines. [29] Studies have 
shown that bilirubin can reduce the risk of 
thrombosis and CVD through direct and indirect 
mechanisms and this has been attributed due to the 
beneficial effects on lipid-lowering, anti-
inflammatory, antioxidant and endothelial 
homeostatic properties, which are inversely 
associated with CVD risk in CKD. [21] Bilirubin, in 
mildly elevated concentrations has been proved to 
have a beneficial effect on lipid metabolism, with an 
inverse relationship between serum levels of 
bilirubin and VLDL, IDL, Apo-B, and Apo-B/Apo-
A1 ratio, all of which are significant risk factors for 
CVD and many mechanisms have been postulated 
for such findings. [21] Studies have reported mild 
elevated bilirubin concentrations within 
physiological ranges to protect against coronary 
microvascular dysfunction and atherosclerosis by 
mitigating oxidative stress and inflammatory 
pathways, preventing unwanted VSMC proliferation 
and their migration along with other mechanisms. 
[30-34] Studies have also reported bilirubin to be a 
potential activator of nuclear erythroid-2-related 
factor-2 (Nrf2) pathway, which is involved in renal 
protection from oxidative stress. [35-37]  

Uric acid is a heterocyclic organic compound 
endogenously produced by animals as a product of 
purine catabolism, which is formed mainly in the 
liver and excreted by the kidneys and intestine. [38-
40] It has been shown to have antioxidant and anti-
inflammatory effects. [41] Recent studies have 
reported that soluble portion of uric acid exhibits a 
behavioral duality acting as prooxidant within the 
cell (intracellular) and antioxidant in the 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

A et al.                            International Journal of Current Pharmaceutical Review and Research  

413   

extracellular environment. [42,43] In patients with 
CKD, serum uric acid levels may be increased due 
to decreased excretion capacity of the kidneys, [44] 
whereas, some studies suggest that hyperuricemia 
causes renal injury by vasoconstriction mediated by 
endothelial dysfunction, activation of the renin-
angiotensin system and epithelial changes in renal 
tubular cells. [45] Other mechanism for uric acid 
contributing to CKD progression is that it not only 
deposits in joints but also in other tissues, like 
collecting ducts of the kidney. [46,47] Some urate 
crystals adhere to the tubular epithelium, where they 
can cause local inflammation which leads to rupture 
of the tubular wall with the crystals escaping into the 
interstitium [48] causing marked local inflammation 
with macrophage infiltration. [49] Elevated levels of 
serum uric acid can promote the expression of 
inflammatory proteins by triggering complex pro-
inflammatory cascades that damage cells and 
tissues, resulting in increased oxidative stress prone 
environment. [50] Researches have postulated that 
urate crystals also deposit in the blood vessels, 
commonly in the aorta and coronary arteries, [51,52] 
in areas of atheromatous plaques and vascular 
calcification sites, [53] promoting further 
inflammation and atherosclerosis, [54] leading to 
cardiovascular mortality. [55] The hyperuricemia in 
CKD patients ultimately leads to increased oxidative 
stress and increased bilirubin levels in the 
physiological range may mitigate the harmful 
scenario and offer some renoprotective action.  

Methodology:  

Study type: Observational analytical study.  

Study design: Cross-sectional.  

Study area: The study was conducted in the 
Department of Biochemistry and Department of 
Medicine of KPC Medical College, Kolkata, India. 

Study Duration: The study was conducted for six 
months from January 2024 to June 2024 after 
approval from Institutional Ethics Committee. 

Study population: The age group of the study 
subjects was within 30 to 80 years and both sexes 
were almost equally enrolled for the study. 

Sample size: The bimonthly footfall of new patients 
in Medicine Out-Patient department is 140. Since it 
was a pilot study, taking 50% of such patients, i.e. 
70 (by Direct Enumeration Method), were recruited 
as cases in the study. 70 number of apparently 
healthy age, sex matched volunteers were recruited 
as controls. The controls were recruited from 
faculties, staff and relatives of patients attending the 
Medicine Out-Patient Department in KPC Medical 
College and Hospital. 

Patients/study subjects attending the Medicine OPD, 
who had history renal compromise for >6 months, 
with serum urea >45mg/dl, serum creatinine 

>1.5mg/dl, irrespective of age and sex and where 
hemodialysis was still not started, were recruited for 
the study.  

All controls subjects were first checked clinically 
and laboratory parameters were checked so that 
serum urea was <45mg/dl, serum creatinine was 
<1.5mg/dl, irrespective of age and sex. 

Inclusion Criteria: 

1. Patients aged 30 to 80 years, both males and 
females, who suffered from any kind of renal 
compromise for more than six months but not 
treated by hemodialysis. 

2. Healthy controls of the same age group both 
males and females with normal renal function 
[mainly serum creatinine]. 

Exclusion Criteria: 

1. Pregnant and lactating women 
2. Patients having diabetes mellitus, tuberculosis 
3. Patients suffering from any kind of malignancy 
4. Patients suffering from liver diseases like 

infective hepatitis, any type of jaundice, 
hemolytic anemia, other autoimmune diseases 
causing derangement of hepatic function [e.g. 
Total serum bilirubin >1.5mg/dl] 

5. Patients suffering from diseases related to 
disorders of purine metabolism like gout. 

6. Any medication that may alter uric acid levels 
[for e.g. low dose aspirin, niacin, thiazide, 
frusemide, ethambutol, alcohol, pyrazinamide, 
lactate infusion, immunosuppressant agent, 
fructose] 

Sample collection: Blood samples were collected 
aseptically in clot activator containing polystyrene 
vials from the patients and healthy controls after 
obtaining informed consent. Blood was collected, 
centrifuged, serum separated & stored in -20⁰C 
refrigerator for further assay. 

Measurement of Total Bilirubin, Uric Acid, Urea 
and Creatinine: All the above biochemical 
parameters were assayed using commercially 
available standardized kits, in fully automated 
Biochemical analyzer [wet chemistry]. Urea was 
estimated by GLDH-Urease method, creatinine by 
alkaline picrate method [Modified Jaffe’s method], 
total bilirubin by Diazo method [diazotized 
sulphanilic acid] and uric acid by Uricase-PAP 
method in the Clinical Biochemistry Laboratory. 

Statistical Analysis: Statistical analysis was 
performed using MS Excel and IBM SPSS version 
20 software. The data have been displayed in terms 
of descriptive statistics like mean ± standard 
deviation. Independent t test, KS statistical formula 
applied for R value, P-value. P-value <0.05 was 
considered as significant. 

 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

A et al.                            International Journal of Current Pharmaceutical Review and Research  

414   

Results:
Table 1: Demographic and Biochemical variables of Study Population 

Parameter 
Cases (Mean ± SD), p-value 
(K-S) 

Controls (Mean ± SD), p-
value (K-S) 

T/U value P value 

Age 63.19 ± 14.44, 0.65 60.25 ± 13.67, 0.52 T=0.27 0.22 
Sex (M/F) 50/20 45/25   
BMI 24.06 ± 4.23 24.52 ± 2.56 T= 0.95 0.34 
Urea 105.37 ± 52.00, 0.95 22.84 ± 9.25, 0.009 U=130.5 <0.05 
Creatinine 4.95 ± 2.26, 0.28 0.92 ± 0.25, 0.11 T= [-14.75] <0.05 
TSB 0.30 ± 0.14, 0.33 0.82 ± 0.11, 0.47 T= 23.89 <0.05 
Uric acid 7.05 ± 1.42, 0.62 3.54 ± 0.61, 0.29 T= [-18.89] <0.05 

[T= independent t test value, U= Mann-Whitney U test value] 
 

 
 

 
 
Discussion 

The results of the study show that bilirubin decreases 
as serum creatinine rises or renal function declines 

and uric acid level increases with increase in serum 
creatinine i.e. decline in renal function. 
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Therefore, mild increase in serum bilirubin levels, 
(incidentally not greater than 1.5mg/dl), may have a 
protective role in CKD patients. This can be 
explained by the fact that bilirubin itself is one of 
nature’s most powerful antioxidant and in CKD it is 
established that there is ongoing oxidative stress. [1, 
2, 7, 21, 26] Oxidative stress, resulting from free 
radicals, generates lipid peroxyl radicals which are 
reduced by bilirubin, while itself being oxidized to 
biliverdin. [21, 26] Bilirubin also has inhibitory role 
on release of certain inflammatory cytokines & pro-
apoptotic genes. It also has activation effect on some 
anti-apoptotic genes, thereby resulting in decreased 
apoptosis. [21] However, increased bilirubin levels 
>1.5mg/dl usually indicates an underlying liver 
pathology. The findings in the present study may be 
supported by the above-mentioned facts by previous 
researchers. 

Uric acid is a natural anti-oxidant in human body. 
But in CKD, uric acid level rises due to decreased 
excretion via the kidneys and this corroborates with 
the findings of the present study. [12-15] This 
hyperuricemia does not play any antioxidant role, 
instead induces formation of urate crystals, which in 
turn cause renal inflammation & lead to further 
decline in renal function. [38-55] 

Limitations: It is not a prospective study, so it 
cannot be concluded whether total serum bilirubin or 
serum uric acid can be designated as markers of 
kidney dysfunction. Only total serum bilirubin was 
estimated, individual fractions were not estimated; 
therefore, it cannot be concluded which fraction of 
bilirubin is responsible for its beneficial effects. 
Diabetes has been excluded since many patients 
with diabetes have increased serum uric acid levels 
due to disease pathophysiology. Since diabetes is a 
major causative factor for CKD, its exclusion has 
greatly reduced the sample size of the study. Since it 
was a pilot study, further studies with larger sample 
size and individual bilirubin fractions are awaited to 
evaluate the importance assay of total serum 
bilirubin or serum uric acid as markers of renal 
dysfunction. 

Conclusion: The results of the study corroborate 
with previous study findings that increased total 
serum bilirubin levels but not more than 1.5mg/dl 
may play a protective role in CKD patients, while 
increased serum uric acid levels may have a role in 
disease progression of CKD.  

Funding: No external agency has allotted funds or 
grants for the study and the reagents were purchased 
by the investigators themselves. 

References: 

1. Li J, Liu D and Liu Z Serum Total Bilirubin and 
Progression of Chronic Kidney 
Disease and Mortality: A Systematic Review 
and Meta-Analysis. Front. Med. 2021;7 :549. 

2. Krata N, Zagozdzon R, Foroncewicz B, Mucha 
K. Oxidative stress in kidney 
diseases: the cause or the consequence? Arch 
Immunol Ther Exp. 2018; 66: 211–20. 

3. Duni A, Liakopoulos V, Roumeliotis S, Peschos 
D, Dounousi E. Oxidative stress in the 
pathogenesis and evolution of chronic kidney 
disease: untangling ariadne’s thread. Int J 
Mol Sci. 2019; 20: 3711. 

4. Miranda-Diaz AG, Pazarin-Villasenor L, 
Yanowsky-Escatell FG, Andrade Sierra J. 
Oxidative stress in diabetic nephropathy with 
early chronic kidney disease. J Diabetes 
Res. 2016;2016: 7047238.  

5. Saha P, Banerjee P, Auddya L, Pal P, Das M, 
Dutta M, et.al. Simple Modified Colorimetric 
Methods for Assay of Total Oxidative Stress 
and Antioxidant Defense in Plasma: Study in 
Diabetic Patients. Archives of Medicine. 
2015; 7;1-6. 

6. Zelenka J, Dvorak A, Alan L, Zadinova M, 
Haluzik M, Vitek L. Hyperbilirubinemia 
protects against aging-associated inflammation 
and metabolic deterioration. Oxidative 
Med Cell Longevity. 2016; 2016: 6190609. 

7. Chin HJ, Cho HJ, Lee TW, Na KY, Oh KH, Joo 
KW, et al. The mildly elevated serum 
bilirubin level is negatively associated with the 
incidence of end stage renal disease in 
patients with IgA nephropathy. J Korean Med 
Sci. 2009 Jan; 24(1): S22–9. 

8. Riphagen IJ, Deetman PE, Bakker SJ, Navis G, 
Cooper ME, Lewis JB, et al. Bilirubin 
and progression of nephropathy in type 2 
diabetes: a post hoc analysis of RENAAL with 
independent replication in IDNT. Diabetes. 
(2014); 63(8):2845–53. 

9. Wang J, Li Y, Han X, Hu H, Wang F, Yu C, et 
al. Association between serum bilirubin 
levels and decline in estimated glomerular 
filtration rate among patients with type 2 
diabetes. J Diabetes Complications. 2016 Sept-
Oct; 30(7):1255– 60. 

10. Ahn KH, Kim SS, Kim WJ, Kim JH, Nam YJ, 
Park SB, et al. Low serum bilirubin level 
predicts the development of chronic kidney 
disease in patients with type 2 diabetes 
mellitus. Korean J Internal Med. 2017 Sept; 
32(5):875– 82. 

11. Johnson RJ, Lanaspa MA, Gaucher EA. Uric 
acid: a danger signal from the RNA world that 
may have a role in the epidemic of obesity, 
metabolic syndrome, and cardiorenal disease: 
evolutionary considerations. Semin Nephrol. 
2011 Sep;31(5):394-9. 

12. Kang DH, Nakagawa T, Feng L, Watanabe S, 
Han L, Mazzali M, et.al. A role for uric acid in 
the progression of renal disease. J Am Soc 
Nephrol. 2002 Dec;13(12):2888-97. 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

A et al.                            International Journal of Current Pharmaceutical Review and Research  

416   

13. Kanellis J, Kang DH. Uric acid as a mediator of 
endothelial dysfunction, inflammation, and 
vascular disease. Semin Nephrol. 2005 
Jan;25(1):39–42. 

14. Odden MC, Amadu AR, Smit E, Lo L, Peralta 
CA. Uric acid levels, kidney function, and 
cardiovascular mortality in US adults: National 
Health and Nutrition Examination Survey 
(NHANES) 1988-1994 and 1999-2002. Am J 
Kidney Dis. 2014 Oct;64(4):550-7. 

15. Nashar K, Fried LF. Hyperuricemia and the 
progression of chronic kidney disease: is uric 
acid a marker or an independent risk factor? 
Advances in chronic kidney disease. 2012 Nov; 
19(6):386–91.  

16. Chen TK, Knicely DH, Grams ME. Chronic 
Kidney Disease Diagnosis and Management: A 
Review. JAMA. 2019 October;322(13):1294–
1304. 

17. Stevens PE, Ahmed SB, Juan Jesus Carrero, 
Foster B, Francis A, Hall RK, et al. KDIGO 
2024 Clinical Practice Guideline for the 
Evaluation and Management of Chronic Kidney 
Disease. Kidney International. 2024 Apr 
1;105(4): S117–314. 

18. Kazancioğlu R. Risk factors for chronic kidney 
disease: an update. Kidney International 
Supplements. 2013 Dec;3(4):368–371. 

19. Damtie S, Biadgo B, Baynes HW, Ambachew 
S, Melak T, Asmelash D, et al. chronic kidney 
disease and Associated Risk Factors 
Assessment among Diabetes Mellitus Patients 
at A Tertiary Hospital, Northwest Ethiopia. 
Ethiopian Journal of Health Sciences. 2018 Nov 
1;28(6):691–700. 

20. Tuttle KR, Alicic RZ, Duru OK, Jones CR, 
Daratha KB, Nicholas SB, et al. Clinical 
Characteristics of and Risk Factors for Chronic 
Kidney Disease Among Adults and Children. 
JAMA Network Open. 2019 Dec 20;2(12): 
e1918169.  

21. Tsai MT, Tarng DC. Beyond a Measure of Liver 
Function-Bilirubin Acts as a Potential 
Cardiovascular Protector in Chronic Kidney 
Disease Patients. Int J Mol Sci. 2018 Dec 
29;20(1):117. 

22. Yang TL, Lin YC, Lin YC, Huang CY, Chen 
HH, Wu MS et.al. Total Bilirubin in Prognosis 
for Mortality in End-Stage Renal Disease 
Patients on Peritoneal Dialysis Therapy. J Am 
Heart Assoc. 2017 Dec 23;6(12): e007507. 

23. Vitek L, Bellarosa C, Tiribelli C. Induction of 
Mild Hyperbilirubinemia: Hype or Real 
Therapeutic Opportunity? Clin Pharmacol Ther. 
2019 Sep;106(3):568-575. 

24. Zhao P, Xu H, Shi Y, et al. Association between 
bilirubin and chronic kidney disease in 
hypertensive patients: The China hypertension 
registry study. J Clin Hypertens. 2023;25: 
1185–1192.  

25. Aoki Y, Cabrera CS, Ouwens M, Bamberg K, 
Nystro¨m J, Raz I, et al. Bilirubin levels and 
kidney function decline: An analysis of clinical 
trial and real-world data. PLoS ONE. 2022 Jun 
21;17(6): e0269970.  

26. Li M, Li X, Liu Y, Liu X, Song Y, Zhao J, et al. 
Relationship between serum bilirubin levels and 
the progression of renal function in patients 
with chronic kidney disease and hyperuricemia. 
Clin Chim Acta. 2018 Nov; 486:156-161. 

27. Ayer A, Zarjou A, Agarwal A, Stocker R. Heme 
Oxygenases in Cardiovascular Health and 
Disease. Physiol Rev. 2016 Oct;96(4):1449-508 

28. Keshavan P, Deem TL, Schwemberger SJ, 
Babcock GF, Cook-Mills JM, Zucker SD. 
Unconjugated bilirubin inhibits VCAM-1-
mediated transendothelial leukocyte migration. 
J Immunol. 2005 Mar 15;174(6):3709-18. 

29. Liu Y, Li P, Lu J, Xiong W, Oger J, Tetzlaff W, 
et.al. Bilirubin possesses powerful 
immunomodulatory activity and suppresses 
experimental autoimmune encephalomyelitis. J 
Immunol. 2008 Aug 1;181(3):1887-97. 

30. Gullu H, Erdogan D, Tok D, Topcu S, Caliskan 
M, Ulus T, et.al. High serum bilirubin 
concentrations preserve coronary flow reserve 
and coronary microvascular functions. 
Arterioscler Thromb Vasc Biol. 2005 
Nov;25(11):2289-94. 

31. Amor AJ, Ortega E, Perea V, Cofán M, Sala-
Vila A, Nuñez I, et.al. Relationship Between 
Total Serum Bilirubin Levels and Carotid and 
Femoral Atherosclerosis in Familial 
Dyslipidemia. Arterioscler Thromb Vasc Biol. 
2017 Dec;37(12):2356-2363. 

32. Vogel ME, Idelman G, Konaniah ES, Zucker 
SD. Bilirubin Prevents Atherosclerotic Lesion 
Formation in Low-Density Lipoprotein 
Receptor-Deficient Mice by Inhibiting 
Endothelial VCAM-1 and ICAM-1 Signaling. J 
Am Heart Assoc. 2017 Apr 1;6(4):e004820. 

33. Ollinger R, Bilban M, Erat A, Froio A, McDaid 
J, Tyagi S, et.al. Bilirubin: a natural inhibitor of 
vascular smooth muscle cell proliferation. 
Circulation. 2005 Aug 16;112(7):1030-9. 

34. Peyton KJ, Shebib AR, Azam MA, Liu XM, 
Tulis DA, Durante W. Bilirubin inhibits 
neointima formation and vascular smooth 
muscle cell proliferation and migration. Front 
Pharmacol. 2012 Mar 22; 3:48. 

35. Kim HJ, Vaziri ND. Contribution of impaired 
Nrf2-Keap1 pathway to oxidative stress and 
inflammation in chronic renal failure. Am J 
Physiol Renal Physiol. 2010 Mar;298(3): F662-
71. 

36. Qaisiya M, Coda Zabetta CD, Bellarosa C, 
Tiribelli C. Bilirubin mediated oxidative stress 
involves antioxidant response activation via 
Nrf2 pathway. Cell Signal. 2014 Mar; 
26(3):512-20. 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

A et al.                            International Journal of Current Pharmaceutical Review and Research  

417   

37. Kim SD, Antenos M, Squires EJ, Kirby GM. 
Cytochrome P450 2A5 and bilirubin: 
mechanisms of gene regulation and 
cytoprotection. Toxicol Appl Pharmacol. 2013 
Jul 15;270(2):129-38. 

38. Tafese R, Genet S, Addisu S. Association of 
Serum Total Bilirubin and Uric Acid with Low 
Glomerular Filtration Rate Diabetic Kidney 
Disease in Type 2 Diabetic Patients. Diabetes 
Metab Syndr Obes. 2022 Dec 21;15: 3993-3999 

39. Remedios C, Shah M, Bhasker AG, Lakdawala 
M. Hyperuricemia: a reality in the Indian obese. 
Obes Surg. 2012 Jun;22(6):945-8. 

40. Roch-Ramel F, Guisan B. Renal Transport of 
Urate in Humans. Physiology. 1999 
Apr;14(2):80–4. 

41. Basiglio CL, Arriaga SM, Pelusa F, Almará 
AM, Kapitulnik J, Mottino AD. Complement 
activation and disease: protective effects of 
hyperbilirubinaemia. Clin Sci (Lond). 2009 Oct 
12;118(2):99-113. 

42. Kang DH, Ha SK. Uric Acid Puzzle: Dual Role 
as Antioxidant and Pro-oxidant. Electrolyte 
Blood Press. 2014 Jun;12(1):1-6. 

43. Barata R, Cardoso F, Pereira T. Hyperuricemia 
in Chronic Kidney Disease: a role yet to be 
explained. Portuguese Journal of Nephrology & 
Hypertension. 2020 Apr 9;34(1). 

44. Li L, Yang C, Zhao Y, Zeng X, Liu F, Fu P. Is 
hyperuricemia an independent risk factor for 
new-onset chronic kidney disease? A 
systematic review and meta-analysis based on 
observational cohort studies. BMC Nephrol. 
2014 Jul 27; 15: 122. 

45. Kumagai T, Ota T, Tamura Y, Chang WX, 
Shibata S, Uchida S. Time to target uric acid to 
retard CKD progression. Clin Exp Nephrol. 
2017 Apr;21(2):182-192. 

46. Johnson RJ, Sanchez-Lozada LG, Lanaspa MA, 
Piani F, Borghi C. Uric Acid and Chronic 
Kidney Disease: Still More to Do. Kidney Int 
Rep. 2022 Dec 5;8(2):229-239. 

47. Talbott JH, Terplan KL. The kidney in gout. 
Medicine (Baltimore). 1960 Dec; 39:405-67 

48. Cameron JS, Simmonds HA. Uric acid, gout 
and the kidney. J Clin Pathol. 1981 
Nov;34(11):1245-54 

49. Kim YG, Huang XR, Suga S, Mazzali M, Tang 
D, Metz C, et.al. Involvement of macrophage 
migration inhibitory factor (MIF) in 
experimental uric acid nephropathy. Mol Med. 
2000 Oct;6(10):837-48. 

50. Chen L, Lan Z. Polydatin attenuates potassium 
oxonate-induced hyperuricemia and kidney 
inflammation by inhibiting NF-κB/NLRP3 
inflammasome activation via the AMPK/SIRT1 
pathway. Food Funct. 2017 May 24;8(5):1785-
1792. 

51. Klauser AS, Halpern EJ, Strobl S, Gruber J, 
Feuchtner G, Bellmann-Weiler R, et.al. Dual-
Energy Computed Tomography Detection of 
Cardiovascular Monosodium Urate Deposits in 
Patients with Gout. JAMA Cardiol. 2019 Oct 
1;4(10):1019-1028. 

52. Barazani SH, Chi WW, Pyzik R, Chang H, 
Jacobi A, O'Donnell T, et.al. Quantification of 
uric acid in vasculature of patients with gout 
using dual-energy computed tomography. 
World J Radiol. 2020 Aug 28;12(8):184-194 

53. Patetsios P, Song M, Shutze WP, Pappas C, 
Rodino W, Ramirez JA, et.al. Identification of 
uric acid and xanthine oxidase in atherosclerotic 
plaque. Am J Cardiol. 2001 Jul 15;88(2):188-
91, A6. 

54. Strandberg TE, Kovanen PT. Coronary artery 
disease: 'gout' in the artery? Eur Heart J. 2021 
Jul 21;42(28):2761-2764. 

55. Kuo CF, See LC, Yu KH, Chou IJ, Chiou MJ, 
Luo SF. Significance of serum uric acid levels 
on the risk of all-cause and cardiovascular 
mortality. Rheumatology (Oxford). 2013 
Jan;52(1):127-34.

 


