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ABSTRACT

Background and Aims: Chronic kidney disease (CKD) is a major global health problem with increasing incidence and mortality
rates. Its early stages are often asymptomatic, delaying diagnosis and treatment. This study aimed to evaluate the relationship
between branched-chain amino acids (BCAAs), serotonin, and -catenin in CKD patients in Thi-Qar province, Iraqg.

Methods: A case-control study was conducted involving 88 patients with CKD and 40 healthy controls. Blood
samples were collected, and serum levels of BCAAs, serotonin and PB-catenin and were measured using
enzyme-linked immunosorbent assay (ELISA) kits (Sunlong Biotech, China). Data were analyzed using SPSS
version 11.5. The Mann-Whitney U test compared group means, and Spearman’s rank correlation assessed
associations between variables. Statistical significance was defined as P<0.05.

Results: BCAA concentrations were significantly lower in CKD patients compared with controls (35.53 + 3.37 pg/ml vs 61.06 =
5.39 pug/ml; P<0.001). B- catenin levels were also significantly reduced in CKD patients: (39.55 + 9.62 pg/ml vs. 48.81 + 13.74
pg/ml) ( P <0.001), while serotonin levels were significantly elevated in patients with CKD: (21.69 £ 6.95 ng/ml vs. 18.88 + 3.3
ng/ml) (P < 0.001). There is a negative correlation between serum branched-chain amino acids and f-catenin and serotonin with
correlation coefficients (r = -0.0761) and (r = -0.0949) respectively.

Conclusion: The findings suggest that low levels of branched-chain amino acids (BCAAS) in patients with CKD may be
associated with impaired B-catenin synthesis and elevated serotonin levels. These could be vital monitoring indicators in disease
management. Early nutritional interventions, including amino acid supplementation, may benefit patients and warrant further
investigation.
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1. INTRODUCTION

The kidneys are an important part of the body's biological balance of several substance they play an active role in reabsorbing,
converting, and regulating their levels in the blood(Brenner and Rector's.;2019). The kidneys serve a crucial function in the
metabolic processing of branched-chain amino acids (BCAAS), specifically comprising leucine, isoleucine, and valine [1]. These
organs function not merely as excretory systems, but also contribute to the regulation of amino acid concentrations within the
circulatory system [2]. Following the filtration process in the glomeruli, amino acids are reabsorbed in the proximal convoluted
tubules of the nephrons, thereby mitigating their excretion through urine [3]. The kidneys exhibit a significantly elevated activity
of the enzyme branched-chain amino acid transaminase (BCAT), which facilitates the removal of the amino group from BCAAs,
leading to their conversion into the respective keto acids. This biochemical reaction predominantly transpires within the muscles,
brain, and kidneys, contrasting with the hepatic. Metabolism observed with the majority of amino acids [4]. In the context of
chronic kidney disease, the metabolic pathways governing BCAAs are markedly disrupted, resulting in imbalances in nitrogen
homeostasis and potentially serving as a biomarker for the progression of renal dysfunction [5]. Branched Chain Amino Acids:
Branched-Chain Amino Acids (BCAAs), specifically valine, leucine and isoleucine, represent a category of indispensable amino
acids that are not capable of being synthesized through de novo pathways. The role of BCAAs is pivotal in both developmental
processes and the aging continuum [6]. These amino acids are frequently present in dietary proteins, constituting approximately
15%-20% of total protein consumption, thereby exerting both direct and indirect metabolic influences (e.g., modulation of body
weight, facilitation of muscle protein synthesis, maintenance of energy homeostasis, regulation of food intake, and stabilization of
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glucose homeostasis) [7 , 8]. BCAAs account for 35% of the essential amino acids present in muscle tissue, 40% of the protein
requirements, and 50% of the essential amino acids available in dietary sources [9]. Circulating BCAAs are actively absorbed by
skeletal muscle and utilized for energy production, muscular repair, or hypertrophy. Consequently, BCAAs are indispensable for
the preservation of muscle mass and the promotion of anabolic processes, as they enhance protein synthesis and mitigate the rate
of protein degradation [10].In the context of chronic kidney disease (CKD), the deterioration of renal function, augmented
catabolism of muscle proteins, and metabolic aberrations result in diminished concentrations of branched-chain amino acids
(BCAAS) in the bloodstream[11]. This reduction serves as an indicator of malnutrition and compromised amino acid metabolism,
while also acting as a biomarker for the progression of the disease and the nutritional status of the affected individual[12]. This
condition disrupts the equilibrium of proteins, as the kidneys' capacity to reabsorb amino acids within the proximal tubules is
impaired, which may consequently result in their excretion in urine, particularly in instances where proteinuria is
present[13].Furthermore, the excessive degradation of proteins and heightened muscle metabolism contribute to the utilization of
BCAAs as an energy substrate, thereby lowering their levels in the blood [14 ]. The catabolic degradation of branched-chain
amino acids (BCAAS) constitutes a multifaceted biochemical process that necessitates a series of enzymatic reactions[15 ], unlike
the majority of amino acids, the preliminary phase of branched-chain amino acid (BCAA) catabolism occurs outside the liver due
to the diminished hepatic activity of branched-chain-amino-acid aminotransferase (BCAT), which is the initial enzyme involved
in the BCAA catabolic pathway. Consequently, following the ingestion of proteins, the concentration of BCAAS in systemic
circulation escalates rapidly and becomes readily accessible to extra hepatic tissues. This particular occurrence confers a
distinctive advantage to BCAA-based nutritional formulations in comparison to others, particularly those aimed at promoting
muscle and cerebral function. [16]. The initial two stages of this catabolic pathway are uniform across all three BCAAs [17 ]. In
contrast to other amino acids, which are primarily subjected to catabolism within the hepatic tissue [18], the preliminary step in
the catabolism of BCAAs is uniquely not conducted in the liver, a phenomenon attributed to the diminished hepatic expression of
branched-chain amino acid aminotransferase (BCAT), the inaugural enzyme activated within the BCAA catabolic pathway. The
predominant locus for the majority of BCAA catabolic activities resides within skeletal muscle, attributable to the elevated
activity of BCAT in these specific tissues [16], which is encoded by the BCAT2 gene. The absence of the BCAT2 gene inhibits
the synthesis of BCAA metabolites within peripheral tissues. In the presence of BCAT2, BCAAs undergo conversion to branched-
chain a-ketoacids through the process of amino group removal. Subsequently, the a-ketoacids are subjected to decarboxylation by
branched-chain a-ketoacid dehydrogenase (BCKD)[19 ].Ultimately, the metabolites of BCAAs are further catabolized through a
succession of enzymatic reactions, yielding their terminal products, acetyl-CoA and succinyl-CoA, which subsequently enter the
tricarboxylic acid (TCA) cycle [20 ].

2. MATERIALS AND METHODS:

This clinical study included 88 patients referred to Nasiriyah Teaching Hospital in Thi Qar, Iraq. Participants were diagnosed with
chronic kidney disease (CKD) after evaluation by specialist physicians. Patients with prostate cancer and other malignancies, as
well as those with heart disease, hepatitis, and arthritis, were excluded from the study. All CKD patients with obesity,
hypertension, and diabetes were included. These data were used to identify differences. Blood samples were collected from the
patients, both male and female, aged 35-70 years, and from a control group of males and females aged 35-50 years. Serum
serotonin and B-catenin concentrations were measured using enzyme-linked immunosorbent assay (ELISA), following the steps
provided with the assay kit developed by Sunlong Biotechnology Co., Ltd. in Hangzhou, China. This method is based on
competitive binding. The technique is based on sandwich ELISA. A hormone-specific antibody was deposited onto the ELISA
microchip included with the kit. The appropriate wells of the ELISA microplate were filled with standard or reference samples
and then mixed with the specific antibody. Each ELISA microplate was then completely coated with a horseradish peroxidase
(HRP) antibody and incubated. Free fragments were removed by washing. TMB substrate solution was added to each well. Upon
addition of the stop solution, wells containing only the hormone and HRP antibody changed color from blue to yellow. Optical
density (OD) was measured using a spectrophotometer at 450 nm. Hormone concentration is directly related to OD. By comparing
the OD of the samples to a standard curve, hormone levels could be determined. Serum branched-chain amino acids (BCAAS)
were determined following the instructions supplied with the test kit, which was developed by Sunlong Biotechnology Co., Ltd. in
Hangzhou, China. The quantities of branched-chain amino acids (BCAAs), namely valine, leucine, and isoleucine, were
determined using enzyme-linked immunosorbent assay (ELISA) [21]. This system is based on competitive binding and employs a
sandwich ELISA technique. The system consists of a microELISA slide coated with antibodies specific to the BCAAs. The
appropriate cavities of the microELISA slide are filled with standard or sample samples, which are then mixed with the selected
antibody. Next, a horseradish peroxidase (HRP)-specific antibody is added to each cavity of the microELISA slide, and the area is
incubated. Free fragments are removed by washing. A TMB substrate solution is added to each cavity. Upon the addition of the
stop solution, only the wells containing the BCAAs and the HRP-conjugated antibodies turn blue and yellow, respectively. A
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spectrophotometer set to 450 nm is used to determine the optical density. The concentration of branched-chain amino acids
(BCAAs) is correlated with optical density. By comparing the optical density of the samples to a standard curve, the BCAA
content can be determined. All values obtained are presented as mean + standard deviation. The difference in means between the
study and control groups was compared using the Mann-Whitney U test. Statistical significance was defined as a p-value less than
0.05. The relationship between hormones and BCAAs was investigated using Spearman's rank correlation analysis. SPSS for
Windows, version 11.5, was used for statistical analysis.

3. RESULTS:

Our current study involved measuring the concentration of BCAAs, serotonin, and p-catenin in the blood serum of patients with
CKD to monitor the decline in their kidney function. According to the study results, CKD patients had significantly lower levels
of BCAA:s in their blood serum (P < 0.005). The mean concentration was (35.53 + 3.37 pg/ml) Compared to the concentration
level in the serum of control group (61.06 + 5.39 pg/ml), as shown in Table (1) and Figure(1).

Table (1): Mean concentration level (BCAA) and standard deviation in the blood serum of control and patients with CKD.

Groups Number Mean Std. Deviation | T-value | P-value
BCAA | Control 40 61.06 pg/ml 5.39 24.96 0.001
Patients | 88 35.53 pg/ml 3.37
80
61.1 pg/ml
60

35.54 pg/ml

BCAAs

patients control

Fig. (1): mean concentration of BCAAs in the serum of patients with CKD compared to control . Where there is a
significant and clear decrease in patients as a result of the pathological causes mentioned in the discussion.

The results showed that the serum serotonin level in the control group was (18.88+ 3.3 ng/ml), compared to (21.69 + 6.95 ng/ml)
in the serum of patients with chronic kidney disease. Meanwhile, the concentration of -catenin protein was (39.55 + 9.62 pg/ml)
in the serum of patients with chronic kidney disease, compared to (48.81 £ 13.74 pg/ml) in the control group, as shown in Table 2.

Table (2): Mean concentration of dopamine, epinephrine and norepinephrine hormones + standard deviation in blood
serum.

Parameters Std.
Groups No. Mean Deviation P-value

Serotonin Patient 88 21.69 6.95 0.001
Control 40 18.88 3.3

B-catenin Patient 88 39.55 9.62 0.001
Control 40 48.81 13.74
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The results for serotonin hormone and beta-catenin protein showed significant differences between the control group and chronic
kidney disease patients in the blood serum at a probability level (P < 0.005), as shown in Figures (2,3).

- 21.69
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19 18.88

18 -
17 -

Control Patients

Serotonin

Fig. (2): serotonin mean concentration in CKD patients' serum as compared to the control group. Where there is a
significant and clear increase in patients as a result of the pathological causes mentioned in the discussion
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Fig. (3): Mean concentration of B-catenin in the serum of CKD patients compared to control group. Where there is a
significant and clear decrease in patients as a result of the pathological causes mentioned in the discussion .

The linear correlation coefficient (r) of branched-chain amino acids in blood serum with B-catenin and serotonin in CKD patients
is negative, as shown in Figures (4, 5).
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Fig. (4): The patients' blood serum'’s linear correlation between the BCAA and the serotonin hormone. Shows the negative
correlation between serum BCAA and serotonin with a correlation coefficient of (r=-0.0949) .
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Fig. (5): The patients' blood serum'’s linear correlation between the BCAA and the Epinephrine hormone. Shows the
negative correlation between serum BCAA and  Epinphrine with a correlation coefficient of (r=-0.0761).

4. DISCUSSION:

In chronic kidney disease (CKD), a significant decrease in serum branched-chain amino acid (BCAA) concentrations has been
observed in the patient group compared to the control group (p<0.001). Studies suggest a strong correlation between this decrease
and its side effects, resulting from a combination of increased muscle breakdown, malnutrition, chronic inflammation, metabolic
acidosis, and impaired amino acid absorption. These factors all contribute to a reduction in serum BCAA concentrations. In a
study of patients diagnosed with CKD, Pickering et al. (2002) demonstrated that a decrease in total serum BCAAs is associated
with a significant decrease in muscle ubiquitin (MRNA) content compared to the healthy control group. This indicates that
impaired muscle protein metabolism leads to excessive protein breakdown in skeletal muscle, increasing the consumption of
BCAAs as an energy source and consequently increasing the activity of branched-chain amino acid transaminases (BCATS) in
muscle, which in turn increases the consumption of these amino acids [22]. Since chronic kidney disease (CKD) is a chronic
inflammatory condition, cytokines such as tumor necrosis factor-alpha (TNF-o) and interleukin-6 (IL-6) are released. These
cytokines stimulate muscle protein breakdown and reduce branched-chain amino acids (BCAAs), thereby suppressing appetite
and reducing protein intake [23]. Additionally, gut microbiota may play a significant role in regulating satiety. Total ghrelin levels
are elevated in CKD patients, as ghrelin is primarily metabolized in the kidneys; however, this elevation is associated with an
increase in the obistatin and decyl forms of ghrelin, which may have effects opposing those of the appetite-stimulating active form
of ghrelin, acylghrelin, which reduces appetite [24]. On the other hand, with decreased kidney function, blood leptin levels, an
antagonist of ghrelin, increase, further amplifying the loss of appetite [25 ]. The concentration of B-catenin in the serum of patients
with chronic kidney disease (CKD) is lower than in the control group (p<0.001). In CKD, the Wnt/B-catenin signaling pathway is
disrupted, and oxidative stress and signaling disturbances lead to increased activity of protein kinases such as GSK-3B. This
results in increased phosphorylation of B-catenin, leading to decreased circulating levels and subsequent proteasome degradation
[26]. CKD also impairs metabolic waste product clearance and the accumulation of free radicals (ROS). These ROS directly or
indirectly oxidize B-catenin by affecting its binding proteins (such as Axin and APC), further increasing the rate of B-catenin
degradation due to oxidative stress. Axin and APC are both essential proteins in the Wnt signaling pathway. Axin acts as a support
protein in the Wnt pathway, assembling other proteins to form a complex called the "destruction complex.” Another protein,
colonic adenomatous protein (APC), plays a pivotal role in the destruction complex and helps regulate B-catenin levels in the cell.
In the absence of Wnt signaling, the destruction complex degrades B-catenin by activating the transcription of specific genes. In
summary, Axin and APC work together in the Wnt signaling pathway to regulate p-catenin levels, and any disruption to this
process can have serious consequences for cell health [27]. Diseased kidneys reduce the clearance of uremia-related protein toxins
produced by protein metabolism in the liver and muscles, disrupting protein synthesis pathways. The protein breakdown resulting
from uremia also reduces the production of structural and regulatory proteins, including B-catenin. Consequently, its levels are
reduced in the serum of patients with chronic kidney disease [28]. Chronic inflammation in the human body produces elevated
levels of inflammatory cytokines (such as TNF-a and IL-6). These cytokines activate pathways such as NF-kB, which reduces f3-
catenin stability and increases the expression of its hydrolytic enzymes. Since CKD is a chronic inflammatory disease, this
pathway is activated, leading to decreased (-catenin levels in the serum of patients with this disease, according to the findings
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[29]. It is noted that patients with chronic kidney disease (CKD) have decreased renal excretion of serotonin and its metabolite, 5-
HIAA, as the kidney is the organ that contributes to the disposal of serotonin and 5-HIAA. As eGFR decreases, excretion
weakens, resulting in increased plasma serotonin. CKD patients exhibit an inverse relationship between eGFR and plasma
serotonin concentration, suggesting a plausible reason for the elevated serum serotonin levels in patients with CKD [30]. Platelet
storage or uptake of serotonin is impaired due to elevated uremia or dialysis in CKD. Most peripheral serotonin is stored within
platelets. In CKD, platelet dysfunction impairs serotonin uptake (SERT) and increases its release, with elevated "free" forms in
plasma. Dialysis sessions themselves may also trigger platelet activation that releases serotonin. This supports clinical evidence
showing decreased platelet content and elevated plasma levels in patients with CKD [31,32]. Enterochromaffin (EC) cells
synthesize 95% of the body's 5-HT and release it in response to mechanical or chemical stimulation. 5-HT in EC cells has
physiological effects on intestinal motility, secretion, and visceral sensation. Abnormal regulation of 5-HT results in increased
intestinal serotonin synthesis due to chronic inflammation, a result of microbiome dysfunction, as 90-95% of serotonin is
synthesized in Enterochromaffin cells. In chronic inflammation and microbiome alterations, which are common in CKD, TPH1
expression/activity, EC cell number, or secretion are increased, leading to increased peripheral serotonin production [33].
Serotonin metabolism plays a pivotal role in both physiology and pathophysiology. The physiological and pathological
mechanisms mediated by EC cells mentioned above are affected differently but remain closely interconnected. Furthermore,
serotonin metabolism is directly or indirectly modulated by the gut microbiota, reinforcing the essential roles of EC cells in
regulating this axis that links inflammation and increased serotonin secretion [34].

5. CONCLUSION:

The results showed a clear correlation between low beta-catenin concentration and low branched-chain amino acid (BCAA)
concentrations in the blood of patients with chronic kidney disease (CKD). This correlation, along with elevated serotonin levels
in these patients, suggests a relative risk factor for CKD in the general population. Therefore, it is recommended to initiate basic
interventions, such as amino acid supplementation, as early as possible before dialysis to reduce morbidity and mortality rates in
these patients. Further research is urgently needed to explore the potential mechanisms underlying this disease.
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