World Journal of Engineering and Technology, 2018, 6, 661-670
http://www.scirp.org/journal/wijet

ISSN Online: 2331-4249

ISSN Print: 2331-4222

/
oo Resmurch
0.00 Publishing

Homocysteine, Vitamin B12 and Folic Acid in
Children with Acute Glomerulonephritis

Duangkamol Viroonudomphol?, Saowanee Kanjanachumpol?, Sarinya Sirisate3

'"Faculty of Nursing, Siam University, Bangkok, Thailand
*Faculty of Medicine Ramathibody Hospital, Mahidol University, Bangkok, Thailand
3Department of Pediatrics, Faculty of Medicine Ramathibody Hospital, Mahidol University, Bangkok, Thailand

Email: v_duangkamol@yahoo.com

How to cite this paper: Viroonudomphol,
D., Kanjanachumpol, S. and Sirisate, S. (2018)
Homocysteine, Vitamin B12 and Folic Acid
in Children with Acute Glomerulonephritis.
World Journal of Engineering and Technol-
0gy; 6, 661-670.
https://doi.org/10.4236/wjet.2018.63042

Received: July 12, 2018
Accepted: August 7, 2018
Published: August 10, 2018

Copyright © 2018 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Homocysteine (Hcy) is an intermediate product of methionine formed by its
demethylation. Hcy can be metabolized via remethylation to methionine or
transsulfuration to cysteine which is dependent on several enzymes and co-
factors. It is deleterious to blood vessel including glomeruli. Kidney is a major
organ that metabolizes Hcy. More than 80% of patients with chronic renal
disease develop hyperhomocysteinemia (hHcy). Accessible data of plasma
Hcy in nephritic syndrome (NS) patients are controversial with increased,
decreased and unchanged values reported. In renal patients, plasma Hcy
concentration can be reduced by administration of folic acid. Absolute or rel-
ative deficiencies of folate, vitamin B6, or vitamin B12 may also play a role.
Therefore, plasma Hcy, folic acid, vitamin B6, and vitamin B12 in children
with acute glomerulonephritis (AGN) were accessed in this study. Hcy, folic
acid vitamin B12, B6 and renal function such as blood urea nitrogen (BUN),
creatinine (Cr) were analyzed 12 pediatric patients with AGN and 15 age and
sex matched healthy children served as controls. The results revealed that a
significant increase in plasma Hcy in children with acute AGN when com-
pared with controls. For simple regression analysis, Hcy was positively corre-
lated with BUN, Cr, ferritin and uric acid but negatively correlated with serum
glutathione. This research indicated hHcy suggests enhanced risks for inflam-
mation and endothelial injury, which lead to kidney disease. Folic acid has also
been shown to improve endothelial function, suggesting an alternative expla-
nation for the effect of folic acid on endothelial function. Careful considera-
tions of not only dietary measures are necessary but also folate and vitamin B
supplementation for reducing hHcy in AGN need to be investigated.
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1. Introduction

Homocysteine (Hcy) is an intermediate product of methionine formed by its
demethylation. Hcy can be metabolized via remethylation to methionine or
transsulfuration to cysteine which is dependent on several enzymes and cofac-
tors. Hcy is metabolized in the liver and kidney. Both organs process the es-
sential Hcy-metabolizing enzymes. Normal kidney plays an important role in
maintaining the level of Hcy in the circulation through filtration. Hyperhomocys-
teinemia (hHcy) refers to an elevated circulating level of the sulfur-containing
amino acid hHcy and has been shown to be a risk factor for vascular disease in
the general population. Hcy level increases as renal function declines and
processes to end-stage renal disease (ESRD) with the majority (>85%) of patients
ultimately experiencing mind-to-moderate hHcy [1]. Numerous studies confirm
the strong and strikingly consistent inverse relationship between Hcy levels and
renal function over a broad range of glomerular filtration rates (60 ml to 165
ml/min). Data obtained from the United States third National Health and Nutri-
tion Survey between 1991-1994 showed that among adults with moderate to se-
vere loss of renal function from creatinine clearance (Ccr) calculated from the
Cockroft-Gault formula, the odd ratio (OR) for elevated Hcy associated with Ccr
< 50 ml/min/1.73 m* compared to Ccr > 80 ml/min/1.73 m*was 9.1 in men and
2.9 in women. With marginally subnormal renal function (Ccr 51 - 80
ml/min/1.73 m*) compared to normal renal function (Ccr > 80 ml/min/1.73 m?),
the ORs were 1.3 in men and 1.2 in women [2].

Kidney is a major organ that metabolizes Hcy. More than 80% of patients with
chronic renal disease develop hyperhomocysteinemia (hHcy). This result can be
ascribed to a decrease in intrarenal Hcy clearance and/or decrease in extrarenal
Hcy clearance, perhaps attributable to retained uremic toxins that inhibit Hcy
metabolism. In chronic renal disease, remethylation is diminished while trans-
sulfuration tends to be reduced or unchanged [3] [4] [5]. The similarity in the
pathology of atherosclerosis and glomerulosclerosis is well recognized. Both are
associated with influx of monocytes, production of lipid-laden macrophages,
presence of cholesterol and cholesterol ester, proliferation of vascular smooth
muscle cells, intima thickening, matrix expansion, elastic lamina disruption, and
luminal platelet accumulation [6] [7]. Due to the similarity in the pathogen be-
tween atherosclerosis and glomerulosclerosis and to the similarity in the pathol-
ogy between atherosclerosis and glomerulosclerosis that Hcy is an essential risk
factor for atherosclerosis, it is logical to speculate that hHcy may lead to pro-
gressive kidney injury and glomerulosclerosis, and the normalization of high
plasma Hcy may retard progression of chronic renal disease. Publication of
plasma Hcy in chronic renal disease appeared for the first time in adults in 1979
[8]. In contrast, it appeared for the first time in children 20 years later in 1999
[9].

In addition inflammation commonly seen in chronic kidney disease (CKD)

patients has been shown to cause low plasma amino acid concentrations [10].
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Many characteristic alterations in the plasma amino acid profile that are ob-
served in chronic end-stage renal disease (CESRD) are already present in mind
renal in sufficiency. Progressive loss of renal function generally results in in-
creasing abnormalities, these changes in plasma amino acids were usually linear
with reduction in glomerular filtration rate (GFR) [11]. Plasma protein and
amino acid concentrations have been reported to be abnormal in patients with
CRF, whether on conservative or regular dialysis treatment [12] [13] [14]. Hcy is
thrombogenic as it increases thromboxane formation antagonizes nitric oxide,
enhances platelet aggregation, and inhibits protein C and thrombomodulin. Hcy
is also potent mitogen for vascular nsmooth muscle cells [15] [16].

Therefore, in end-stage renal disease, elevated plasma Hcy concentrations
could contribute to the high prevalence of cardiovascular disease and increased
mortality rate [16]. HHcy at an earlier stage could also accelerate progression of
chronic renal disease [17]. The present study was to not only determine Hcy
concentration, vitamin B12 and folic acid in children with AGN but also deter-
mine the relationship between plasma Hcy and clinical parameter (blood pres-

sure, proteinuria), renal function test (BUN, Cr).

2. Objectives

1) To determine plasma Hcy, vitamin B12 and folic acid at interval in children
with AGN.

2) To determine the association between plasma Hcy and clinical parameter
(blood pressure, proteinuria), renal function test (BUN, Cr), inflammation

(ferritin) and antioxidant (uric acid and glutathione).

3. Materials and Method

Protocol was approved by the Ethics Committee of the faculty of medicine Ra-
mathibody hospital. An informed consent had got from parents of all partici-
pants before the study was performed. The sample size was calculated based on a
80% power to detect a 30% increase of plasma Hcy in AGN with a error = 0.05,
and dropout rate = 20%. The number of AGN patients = 22 and controls = 22.
The subjects in this study consisted of participants 12 pediatric patients with
AGN who attended at the Paediatric Nephrology Clinic of Ramathibody Hospit-
al, and 15 age and sex-matched healthy children who were from a school in
Bangkok served as controls. Inclusion criteria was children ages up to 16 years
old with acute onset of primary glomerular disease defined as sudden onset of
hematuria, edema, hypertension and renal insufficiency. For exclusion criteria
followed as chronic renal disease, secondary glomerular disease and patients
withdraw from the study. Venous blood was taken from each subject in the
morning, after an overnight fast from patients at 0, 3, 7, 28 and 260 days after
admission. For each control a once blood sample was taken for determination of
biochemical parameters.

Determination of plasma Hcy concentrations used commercial automated
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fluorescence polarizations of immunoassay (FPIA) system, the Abbott Hcy assay
kit with the Abbott analyzer (Abbott Laboratories, Abbott Park, IL). The serum
concentrations of BUN and creatinine (Cr) were determined with routine me-
thods. The serum folic acid, RBC folate and vitamin B12 were analyzed using Vi-
tros Immunodiagnostic System (Ortho Clinical Diagnostics, Amersham, U.K.).

4. Statistical Analysis

Data were expressed as mean *+ SD or median (minimum, maximum) depended
on the type of data distribution. Unpair t-test or Mann-Whitney U test was used
for comparison between two groups. Simple regression analysis was used for the
relationships between continuous variables. All tests were two-tailed, and a p

value of less than 0.05 was considered to be statistically significant.

5. Results

There were 14 AGN patients but 2 of them turned out to be SLE and they were
excluded. 15 controls age and sex matched schoolchildren. The clinical characte-
ristics of the 12 AGN patients and the 15 controls were shown in Table 1. All
AGN had poteinuria and hematuria; 9 out of 11 had increased antistreptolysin O
(ASO) titer (>150 IU/ml) and decreased concentration of serum complement
(C3) (<900 pg/ml). Systolic blood pressure (SBP) was higher in the patients than
in the controls, but diastolic blood pressure was not different between the two
groups.

Results of plasma Hcy, BUN and Cr were as in Tables 2-4 respectively. Hcy
and BUN at day 0 were significantly higher in the patients than controls but
concentrations of Cr at day were not different between 2 groups. In the patients
group, Hcy, BUN and Cr significantly decreased with time; all decreased to
normal values by day 28.

Mean value of serum vitamin B12, serum folic acid, RBC folic acid and plasma
vitamin B6 were shown in Table 5. There were no differences in serum vitamin
B12 and serum folic acid at day 0 between 2 groups. The values of RBC folic acid
were significantly.

The results of urine analysis (proteinuria and microscopic hematuria) were
shown in Table 6. The findings were gradual decline with time in the AGN pa-
tients.

Correlation between Hcy and clinical parameters and renal function were
presented in Table 7. Significantly positive correlations were found between
plasma Hcy and respectively, SBP, DBP, proteinuria, and in particular, BUN and
Cr.

6. Discussion

The results in this study have shown for the first time that all children with AGN
had high plasma levels of Hcy and RBC folic acid, low serum levels of vitamin B6
in parallel to the values of BUN and Cr. The plasma Hcy levels increased about
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Table 1. Clinical characteristics of children with AGN and controls expressed as mean +
SD or median (min, max).

Parameter AGN Controls .
(n=12) (n=15)
Age (Yr) 11.0 £ 3.5 12.1+3.3 0.736
Sex (M/F) 3/9 5/10
BMI (kg/mz) 17.69 + 4.68 18.20 + 3.45 0.419
SBP (mmHg) 129.5+19.3 112.6 + 14.1 0.014*
DBP (mmHg) 81.5+11.8 76.5 £ 12.7 0.300
Proteinuria positive Not done
Hematuria positive Not done
ASO (IU/ml) 322 (138.1430) Not done
ASO > 150 IU/ml 9/11 Not done
C3 (ug/ml) 227 (72.1110) Not done
C3 <900 pg/ml 9/11 Not done

Table 2. Values of plasma Hcy in AGN and controls.

Hcy (umol/L)
Day Pvalue®
AGN Controls

0 127+ 4.4 N 0.003

3 13.5+3.7 <0.001

7 13.1+2.8 > 84+24° <0.001
28 9.4+33 0.407
260 73+22 _J 0.250

Pvalue® < 0.001

* obtain once. ® comparison between AGN patients and controls. ¢ change with time in AGN patients.

Table 3. Values of BUN in AGN and controls.

BUN (mg/dL)

Day Pvalue®
AGN Controls
0 21.0 (12.49) N <0.001
3 22.0 (12.37) <0.001
7 20.0 (11.35) > 11.0 (9.16)* 0.002
28 14.0 (7.19) 0.032
260 11.0 (7.14) W, 0.712
Pvalue® < 0.003

* obtain once. ® comparison between AGN and controls. © change in creatinine with time in patients.
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Table 4. Values of Cr in AGN and controls.

BUN (mg/dL)
Day Pvalue®
AGN Controls

0 0.62 £0.17 0.109

3 0.62 £0.13 0.102

7 0.60 £0.17 0.51 £0.16 0.223
28 0.45 £ 0.16 0.304
>60 0.45+£0.11 0.232

Pvalue® 0.001

* obtain once. ® comparison between AGN and controls. € change in creatinine with time in patients.

Table 5. Value of vitamin B6, B12 and folic acid in AGN and controls.

Parameter Subject Day 0 Day 28 P
AGN 25.6 £13.5
Plasma B6
controls 53.6+7.8 346+ 11.7 0.126
(mmol/1)
p <0.001
AGN 576 + 176
Serum B12
controls 502 + 169 562 + 234 0.878
(pmol/l)
p 0.281
L AGN 13.4+£4.3
Serum folic acid
controls 136+ 4.1 129 +£39 0.730
(mmol/1)
p 0.900

Table 6. Median (min, max) of urine protein and urine RBC in AGN patients.

Day Urine protein (+) Urine red blood cell per low-power field
0 3(1.4) 35 (5.200)
3 2(0.4) 75 (3.200)
7 2(0.4) 35 (3.200)
28 1(0.3) 50 (5.100)
260 0(0.4) 20 (3.100)
pvalue* 0.008 0.068

*Change in urine protein and rbc with time in AGN patients.

Table 7. Correlations between Hcy and clinical parameters, renal function, ferritin, uric
acid and glutathione.

Variables r R? P
Clinical parameters:
-SBP 0.454 0.206 0.001
-DBP 0.391 0.153 0.005
-Proteinuria 0.365 0.133 0.006
Renal function:
-BUN 0.700 0.490 <0.001
-Cr 0.808 0.625 <0.001
Inflammatory
-Ferritin 0.369 0.136 0.015
Antioxidant
-Uric acid 0.696 0.484 <0.001
-Glutathione —0.409 0.167 0.002
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50% and decline to normal by day 28. The Hcy in normal children in this study
was 8.5 £ 2.5 umol/l which is similar results of Hcy levels at 8.6 = 3.4 umol/l
those published in the literature [18]. There are controversies about the preva-
lence of hyperhomocysteine among nephrotic syndrome in previous studies.
These studies showed that plasma Hcy levels were either decreased [19], equal
[20] or increased [21] in nephritic syndrome (NS) patients compared to patients
without NS and of similar renal function [19] [20] or to healthy controls [21].
The findings of higher level of Hcy in NS agree with the report of these previous
studies [22] [23]. The observed hHcy in AGN patients is due to impaired renal
function, vitamin B6, B12 and folic acid deficiencies. Vitamin B6 was signifi-
cantly lower in AGN than controls. Vitamin B6 is involved in the catabolism of
Hcy via the transsulfuration pathway of Hcy. Whether the reduction of vitamin
B6 decreased the transsulfuration (catabolism) of Hcy, thereby increasing plas-
ma Hcy remains to be elucidated. Recently, Yi and Li have reviewed and pro-
posed mechanisms of Hcy-induced glomerular injury [24], one mechanism in-
volves local oxidative stress and inflammatory factors. Oxidative stress results
from an imbalance between oxidation and antioxidation. In this study, one of
antioxidants, glutathione, was markedly reduced in the patients [25]. This study
has also shown that both folic and vitamin B6 levels were lower in the AGN than
healthy controls. These are similar findings of other studies in children [26] [27].
Reduced nutritional intakes of vitamins and possibly other micronutritents in
these children may explain the decrease in serum concentration of these essen-
tial vitamins [28]. These may be indicated the adequate folate and vitamin Bs in
children’s diet and could be resolved by increasing vegetables and fruit con-
sumption, both good source of folate, which will reduce homocysteine levels and
increase folate levels as presented in previous study [29]. However, considering
the health implications of low levels of serum folate, vitamin B12 and vitamin
B6, it is important that adequate insights are gained into the import and reasons
for low vitamins in patients with NS. No differences in the C677T and A1298C
MTHER genotype deficiencies were found between the AGN and controls in this
study (data not shown). The limitation that needs to be considered of data pres-

entation in this study is the sample size.

7. Conclusion

Clinical important hyperhomocysteinemia and low vitamins B were demon-
strated for the early in children with AGN. The concentrations of plasma Hcy
paralleled with BUN and serum Cr. There were apparent associations between
Hcy and oxidative stress and inflammatory markers. The results suggest that
not only potential future study has the effect of folate and B vitamins therapy
on hHcy levels but also has public health importance, considering the fact that
cardiovascular complications are gradually becoming a common cause of
death in many developing countries especially among individual with renal
disease [30].
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