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INTRODUCTION  

Type 2 diabetes mellitus (T2DM) has emerged as a 

major global public health challenge, currently 

affecting more than 460 million people worldwide. 

This burden is projected to increase to approximately 

700 million by 2030, with a disproportionate impact 

on low- and middle-income countries.1 The rising 

prevalence of T2DM is driven by multiple factors,   

 

 

 

 

including sedentary lifestyles, unhealthy dietary 

habits, obesity, and genetic susceptibility. In addition  

to its growing incidence, T2DM substantially 

increases the risk of serious complications such as 

cardiovascular disease, kidney failure, and other 

debilitating conditions. As the global burden of 

diabetes continues to escalate, a deeper understanding 

of the complex pathophysiology of T2DM, along with 

Original Research Article 

ABSTRACT  

Background: Type 2 diabetes mellitus (T2DM) represents a complex metabolic disorder associated with significant disruptions in 
glucose and amino acid metabolism. Growing evidence indicates that altered plasma amino acid profiles and increased urinary 
amino acid excretion (aminoacidurias) are defining metabolic features of T2DM, reflecting insulin resistance, enhanced 
gluconeogenesis, and impaired protein metabolism. 

Materials and methods: In this case–control study, 115 patients with type 2 diabetes mellitus and 115 age- and sex-matched 
healthy controls were enrolled. Urinary aminoacidurias were screened using paper chromatography, and serum amino acid profiles 
were analysed using GC–MS. Differences in amino acid patterns and their correlations with disease severity and metabolic 
parameters were assessed. 

Results: The study offers new insights into altered amino acid metabolism in type 2 diabetes and identifies potential biomarkers 
for diagnosis and disease monitoring. These findings suggest future therapeutic avenues and improve understanding of the metabolic 
complexity of type 2 diabetes. 
 
Conclusion: These findings emphasise the utility of amino acid profiling as a diagnostic and therapeutic approach in type 2 diabetes 
mellitus management. 
 
Keywords: Amino acids; aminoacidurias; Gas chromatography–tandem mass spectrometry; Paper chromatography; Type 2 
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the identification of effective prevention and 

therapeutic strategies, has become critically 

important.2 Specific amino acids play a vital role in 

maintaining glucose homeostasis and regulating 

insulin secretion from pancreatic β-cells. Diabetes-

associated alterations in amino acid metabolism—

including disruptions in the synthesis, transport, and 

utilisation of specific amino acids—are closely linked 

to insulin resistance and the progression of T2DM. A 

key manifestation of these metabolic disturbances is 

aminoaciduria, defined as the excessive urinary 

excretion of amino acids. This phenomenon highlights 

the intricate interplay between glucose and amino acid 

homeostasis, which may further aggravate insulin 

resistance and glucose intolerance.3,4 In T2DM, 

diabetes-induced alterations in renal function, 

including impaired tubular reabsorption and changes 

in amino acid transporter activity, contribute to the 

development of aminoaciduria. These abnormalities 

disrupt protein synthesis and tissue repair processes, 

thereby exacerbating the metabolic dysfunction 

associated with the disease. Elucidating the metabolic 

significance of these diabetes-related alterations, 

particularly in the context of aminoaciduria, may help 

identify novel therapeutic targets for addressing 

protein–energy wasting and improving glycaemic 

control in patients with diabetes.5–7  

The primary objectives of this study were: (a) to 

investigate and compare the prevalence of specific 

aminoacidurias in patients with T2DM and healthy 

controls; (b) to analyse and compare serum amino acid 

profiles between T2DM patients and healthy controls; 

and (c) to evaluate the association between the degree 

of aminoaciduria and glycaemic control, as assessed 

by glycated haemoglobin (HbA1c), in patients with 

T2DM.  

 

MATERIALS AND METHODS 

This cross-sectional study included 115 patients with 

type 2 diabetes mellitus who were receiving oral 

antidiabetic medications and had a disease duration of 

less than 10 years from the time of diagnosis, as 

defined by American Diabetes Association (ADA) 

criteria, along with 115 healthy control subjects. 

Participants of both genders, aged 25–65 years, were 

enrolled.  

The sample size was calculated using the formula. 

 n = (Zα/2 + Z1−β) ² × (σ₁² + σ₂) / (δ)², based on a 95% 

confidence interval. 

The study was conducted in the Department of 

Biochemistry and Written informed consent was 

obtained from all participants prior to enrolment. 

Patients with type 1 diabetes mellitus, type 2 diabetes 

on insulin therapy, urinary tract infections, renal 

failure, diabetic nephropathy, renal glycosuria, or 

known inborn errors of metabolism were excluded 

from the study. 

Sample Collection and Biochemical Analysis  

Whole Blood and Plasma: Under aseptic conditions, 2 

mL of venous blood was collected after an overnight 

fast into EDTA vacutainers. Glycated haemoglobin 

(HbA1c) was estimated using the high-performance 

liquid chromatography (HPLC) method. The samples 

were subsequently centrifuged to separate plasma, 

which was used for the estimation of fasting blood 

glucose by the glucose oxidase–peroxidase (GOD–

POD) method on a fully automated integrated 

biochemistry analyser (AU480 analyzer-Beckman 

Coulter Inc.) 

All serum samples were stored at −80°C until analysis. 

Serum levels of specific amino acids were quantified 

using gas chromatography–tandem mass spectrometry 

(GC–MS/MS) in accordance with the manufacturer’s 

instructions.8  
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Paper Chromatography (PC) 

Paper chromatography (PC) is a versatile, 

inexpensive, and non-invasive analytical technique 

used to separate and identify amino acids and other 

biomolecules based on their affinity for a stationary 

phase and their mobility in a mobile phase, expressed 

as the retention factor (Rf). PC was standardized in the 

central research biochemistry laboratory using 

standard amino acids. 

The solvent system was prepared in a ratio of 12:3:5 

(v/v/v) using butanol, acetic acid, and water, 

respectively. Amino acids were visualized using a 

0.1% ninhydrin solution in acetone. All 18 

commercially available standard amino acid solutions 

were applied individually as 4 µL spots onto 

chromatography paper and allowed to air-dry. The 

paper was then placed in a chromatography chamber 

containing the solvent system and allowed to develop 

until the solvent front migrated 10–15 cm, which 

typically required 2–4 hours. 

After development, the paper was air-dried at room 

temperature for 30 minutes. A 0.1% ninhydrin solution 

was uniformly sprayed over the paper to ensure 

consistent staining of amino acid spots while avoiding 

excess moisture. The paper was then incubated at 

room temperature for 30 minutes, followed by heat 

treatment at 100°C for 2 minutes to allow colour 

development. The Rf values for each amino acid were 

calculated using the formula: 

Rf = distance travelled by the solute / distance 

travelled by the solvent front. 

This chromatogram served as the reference standard 

for amino acid identification. 

An early-morning, first-voided midstream urine 

sample (5 mL) was collected from both patients with 

type 2 diabetes mellitus and healthy controls in sterile 

containers. The samples were centrifuged to remove 

cellular debris, and the clear supernatant was used for 

chromatographic analysis. Urine samples were applied 

as 4 µL spots onto chromatography paper and 

developed using the same solvent system. Amino 

acids in urine samples were identified by comparing 

their Rf values with those obtained from the standard 

reference chromatogram.  

 

RESULTS 

In the present study, 115 patients with type 2 diabetes 

mellitus and 115 healthy controls were enrolled in 

accordance with the predefined inclusion and 

exclusion criteria. Age-wise distribution revealed that 

the majority of patients with type 2 diabetes belonged 

to the 50–60-year age group compared with the control 

group, as shown in Table-1. Gender-wise analysis 

indicated a higher proportion of male participants than 

females in both groups, as presented in Table-2. 

Baseline clinical and biochemical parameters are 

summarized in Table-3. Fasting blood glucose, 

systolic blood pressure, diastolic blood pressure, and 

HbA1c levels were significantly higher in patients 

with type 2 diabetes compared with healthy controls 

(p < 0.001). In addition, patients with type 2 diabetes 

were significantly older than the control group (p < 

0.001). The overall frequency of specific 

aminoacidurias was markedly higher in patients with 

type 2 diabetes than in healthy controls. 

Aminoacidurias of glutamic acid (58.26% vs. 9.57%), 

valine (34.78% vs. 4.35%), lysine (16.52% vs. 9.57%), 

leucine (11.30% vs. 1.74%), alanine (23.48% vs. 

2.61%), serine (25.22% vs. 2.61%), tryptophan 

(10.43% vs. 0.87%), phenylalanine (10.43% vs. 

1.72%), glycine (10.43% vs. 2.61%), histidine 

(20.00% vs. 3.48%), tyrosine (6.09% vs. 0%), proline 

(10.43% vs. 1.74%), cystine (11.30% vs. 4.35%), and 

arginine (6.96% vs. 1.74%) were significantly more 
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prevalent in the diabetic group (p < 0.05). 

Aminoacidurias of isoleucine, aspartic acid, threonine, 

and methionine did not reach statistical significance, 

although their prevalence was higher among patients 

with type 2 diabetes in Table-4. Comparison of the 

mean Rf values between the two groups demonstrated 

significantly higher Rf values on paper 

chromatography in patients with type 2 diabetes 

compared with healthy controls (p < 0.001), as shown 

in Table-5.  

Table-6 illustrates the correlation between glycaemic 

control and the degree of aminoaciduria, defined as the 

number of amino acids detected in urine by paper 

chromatography. A significant positive correlation 

was observed between the degree of aminoaciduria 

and elevated HbA1c levels, indicating a direct 

association between poor glycaemic control and 

impaired renal amino acid reabsorption. To our 

knowledge, this is the first study to establish a 

relationship between the extent of aminoaciduria and 

glycaemic control in patients with T2DM. 

Plasma concentrations of specific amino acids 

analysed in serum are presented in Table-7. Levels of 

glutamic acid, valine, lysine, leucine, isoleucine, 

tyrosine, threonine, and arginine were significantly 

increased, whereas glycine, alanine, and histidine 

levels were significantly decreased in patients with 

type 2 diabetes compared with healthy controls (p < 

0.001). No statistically significant differences were 

observed for serine, tryptophan, phenylalanine, 

aspartic acid, methionine, proline, and cystine (p > 

0.05). Branched-chain amino acids (BCAAs), 

including leucine, isoleucine, and valine, are essential 

amino acids that play a critical role in glucose 

metabolism and insulin sensitivity. 

 

Table-1: Frequency distribution of age of healthy 
controls and type 2 diabetic subjects. 

 

Table-2: Frequency distribution of gender of 
healthy controls and type 2 diabetic subjects. 

Gender Controls Diabetes mellitus 

 n = 115 % n = 115 % 

Male 89   77.39 68 59.13 

Female 26  22.61 47 40.87 

 

DISCUSSION 

Aminoaciduria, defined by excessive urinary 

excretion of amino acids, is a common complication in 

patients with type 2 diabetes mellitus and reflects 

impaired renal tubular reabsorption and disrupted 

metabolic pathways. Increased urinary loss of 

essential amino acids, particularly branched-chain 

amino acids (BCAAs), may further aggravate insulin 

resistance and disturbances in glucose homeostasis. 

Evidence suggests that aminoaciduria in T2DM is 

associated with heightened oxidative stress, 

inflammation, and progressive renal injury.  

 

 

Age 
interval 

Controls 
Diabetes 
mellitus 

 n = 115 % n = 115 % 

<30 60  52.17 10 8.70 

31–40 17  14.78 13 11.30 

41–50 13  11.30 29 25.22 

51–60 25   21.74 63 54.78 
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Table-3: Comparison of baseline parameters between healthy controls and type 2 diabetic subjects using t-test 

 

Table-4: Comparing specific aminoacidurias between healthy controls and type 2 diabetic subjects’ group by 
using normal Z-test. 

Variables Controls Diabetes  
mellitus 

t-test p value Significance 

Age 34.77 ± 13.73 49.1 ± 11.13 −8.699 0.00001 Significant 
Systolic blood 
pressure 

118.29 ± 8.68 134.6 ± 16.54 −9.364 0.00001 Significant 

Diastolic blood 
pressure 

80.82 ± 6.36 87.76 ± 6.02 −8.499 0.00001 Significant 

Fasting blood 
glucose 

89.36 ± 19.92 190.8 ± 143.34 −7.520 0.00001 Significant 

Serum creatinine 0.71 ± 0.22 0.83 ± 0.69 −1.799 0.07335 Not Significant 
HbA1c 5.28 ± 0.29 8.93 ± 2.15 −18.02 0.00001 Significant 

Amino acids Controls (%) Diabetes mellitus (%) Z-test p value Significance 

Glutamic acid 9.57  58.26 −9.095 0.00001 

Significant 

Valine 4.35  34.78 −6.299 0.00001 

Lysine 6.09  16.52 −2.533 0.00565 

Leucine 1.74  11.30 −2.994 0.00138 

Alanine 2.61  23.48 −4.942 0.00001 

Isoleucine 0.87  1.74 −0.582 0.28042 Not Significant 

Serine 2.61  25.22 −5.241 0.00001 

Significant 

Tryptophan 0.87  10.43 −3.211 0.00066 

Phenylalanine 1.74  10.43 −2.805 0.00252 

Glycine 2.61  10.43 −2.434 0.00746 

Histidine 3.48  20.00 −4.027 0.00003 

Tyrosine 0.00  6.09 −2.730 0.00317 

Aspartic acid 2.61  6.09 −1.298 0.09713 

Not Significant Threonine 0.00  1.74 −1.427 0.07684 

Methionine 1.74  4.35 −1.155 0.12407 

Proline 1.74  10.43 −2.805 0.00252 

Significant Cystine 4.35  11.30 −1.981 0.02381 

Arginine 1.74  6.96 −1.956 0.02523 
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Table-5: Comparing the mean Rf values of paper 
chromatography in healthy controls and type 2 

diabetic subjects 

Amino 
acids 

Controls 
Diabetes 
mellitus 

Z-test p value 

Rf 
value 

0.142 ± 
0.066 

0.312 ± 
0.062 

−3.095 0.00001 

 

Table-6: Correlation between glycaemic control 
and degree of aminoacidurias in type 2 diabetic 

subjects. 

HbA1
c level 
(%) 

Glycaemi
c control 
grading 

Degree 
of 

amino 
aciduria 

R-
val
ue 

T-
val
ue 

p 
value 

< 6.5 
Excellent 
control 

0–2  0.12 1.23 0.22 

6.5–
7.5 

Good 
control 

3–5 0.35 2.56 0.01 

7.6–
8.5 

Fair 
control 

6–8 0.58 4.21 
<0.00

1 
8.6–
9.5 

Poor 
control 

9–12 0.75 6.15 
<0.00

1 

> 9.5 
Very poor 

control 
>13 0.85 8.42 

<0.00
01 

 

Additionally, imbalances in specific amino acids, such 

as elevated glutamine and reduced glycine levels, may 

contribute to the development of diabetic nephropathy. 

Early identification and appropriate management of 

aminoaciduria may therefore represent a valuable 

adjunctive approach for reducing T2DM-related 

complications.  

The mechanistic target of rapamycin (mTOR) 

pathway is a key regulator of cellular growth, 

metabolism, and autophagy. BCAAs—particularly 

leucine—activate the mTOR pathway, which 

contributes to insulin resistance by downregulating 

insulin receptor substrate-1 (IRS-1) expression, 

enhancing hepatic gluconeogenesis, and impairing 

glucose uptake in skeletal muscle.9–11 

In the present study, serum levels of BCAAs were 

significantly elevated, along with increased urinary 

excretion in patients with T2DM (p < 0.001), findings 

that are consistent with those reported by Kolanu et 

al.12 Similarly, a study by Bidi et al. examining urinary 

amino acid excretion patterns in patients with T2DM 

and healthy controls demonstrated a higher frequency 

of excretion of phenylalanine, arginine, tyrosine, and 

tryptophan in diabetic subjects.13,14 Our study further 

demonstrated increased urinary excretion of all 18 

amino acids, of which 14 showed statistically 

significant elevations (p < 0.001). 

A study conducted in a common population with 

diabetic kidney disease (DKD) reported significantly 

reduced plasma histidine levels compared with 

diabetic individuals without DKD, suggesting the 

potential role of amino acids as diagnostic biomarkers 

for renal impairment in T2DM.15 Previous research 

has shown that insufficient circulating histidine levels 

may exacerbate inflammation and oxidative stress in 

kidney disease. Conversely, dietary histidine 

supplementation has been shown to ameliorate these 

pathological processes. The underlying cause of 

altered histidine levels is thought to involve 

dysregulation of histidine metabolism. Maintaining 

optimal histidine levels may therefore be essential for 

preventing renal complications associated with 

diabetes.16,17 Pharmacological interventions, alongside 

lifestyle modifications, have demonstrated potential in 

preventing or delaying the onset of type 2 diabetes 

mellitus. Individualized pharmacological strategies 

may help attenuate the adverse effects of amino acid 

imbalances on cellular signaling pathways, 

highlighting amino acid metabolic pathways as  
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Table-7: Comparing the serum levels of specific amino acids between healthy controls and type 2 diabetic 
subjects. 

 

promising therapeutic targets.18 Prolonged treatment 

with metformin has been shown to modulate 

circulating branched-chain amino acid (BCAA) levels, 

with effects extending beyond activation of AMP-

activated protein kinase (AMPK) and suppression of 

hepatic gluconeogenesis. Metformin also 

downregulates the expression of key BCAA catabolic 

enzymes, including BCAT2 and BCKDHA. 

Furthermore, combination therapy with glipizide and 

metformin has been reported to acutely alter 

circulating levels of BCAAs and aromatic amino 

acids, reflecting improved glycaemic control. Low-

dose metformin therapy has also been shown to correct 

abnormalities in glucose metabolism, with integrative 

metabolomics analyses revealing alterations in amino 

acid profiles, including increased levels of serine, 

glycine, and glutamate, and decreased levels of 

aspartate.19–22 Additionally, sodium–glucose 

cotransporter-2 (SGLT2) inhibitors, such as 

empagliflozin, have been reported to increase 

concentrations of branched-chain amino acid 

metabolites, whereas dipeptidyl peptidase-4 (DPP-4) 

inhibitors, including sitagliptin, have been shown to 

reduce plasma valine levels and modify amino acid 

patterns in both animal models and patients with type 

2 diabetes mellitus.23 Further research is required to 

elucidate the mechanisms underlying these complex 

associations and to facilitate the development of novel 

and effective pharmacological therapies for type 2 

diabetes mellitus. 

CONCLUSIONS 

Assessment of plasma and urinary amino acid profiles 

is essential for understanding the pathophysiology of 

type 2 diabetes mellitus. These profiles may aid in 

identifying individuals at risk, monitoring disease 

Amino acids  
(µmol/L) 

Controls  Diabetes mellitus  Significance 

Glutamic acid 164.86 ± 12.64 226.54 ± 10.96 

Significant 

Valine 200.32 ± 8.65 332.43 ± 12.82 
Lysine 128.32 ± 4.98 232.42 ± 5.99 

Leucine 48.43 ± 5.73 64.56 ± 7.24 
Alanine 24.64 ± 8.54 18.64 ± 5.42 

Isoleucine 88.64 ± 3.89 186.32 ± 6.98 
Serine 96.42 ± 6.32 94.26 ± 8.24 

Not Significant Tryptophan 62.43 ± 8.24 66.45 ± 9.26 
Phenylalanine 88.98 ± 10.24 92.43 ± 6.56 

Glycine 360.64 ± 32.86 198.86 ± 28.43 
Significant Histidine 88.42 ± 3.98 72.64 ± 2.64 

Tyrosine 124.56 ± 10.26 164.56 ± 10.261 
Aspartic acid 198.32 ± 4.32 197.6 ± 5.54 Not Significant 

Threonine 286.56 ± 5.98 198.65 ± 7.28 Significant 
Methionine 42.64 ± 5.62 44.32 ± 9.86 

Not Significant Proline 186.32 ± 7.34 184.54 ± 6.54 
Cystine 223.65 ± 3.98 226.3 ± 12.96 
Arginine 178.65 ± 5.98 156.78 ± 8.64 Significant 
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progression, and evaluating therapeutic responses. 

Targeting amino acid metabolism offers promising 

avenues for the development of novel treatment 

strategies for T2DM. Incorporating amino acid 

profiling into clinical practice has the potential to 

enhance patient outcomes.  

REFERENCES 

1. Khan MAB, Hashim MJ, King JK, Govender RD, 
Mustafa H, Al Kaabi J. Epidemiology of type 2 
diabetes: global burden of disease and forecasted 
trends. J Epidemiol Glob Health. 
2019;10(1):107–111.  
 

2. Lone S, Lone K, Khan S, Pampori RA. 
Assessment of metabolic syndrome in Kashmiri 
population with type 2 diabetes employing the 
standard criteria given by WHO, NCEP ATP III 
and IDF. J Epidemiol Glob Health. 
2017;7(4):235–239.  

 
3. Sun Y, Gao HY, Fan ZY, He Y, Yan YX. 

Metabolomics signatures in type 2 diabetes: a 
systematic review and integrative analysis. J Clin 
Endocrinol Metab. 2020;105(4):1000–1008.  

 
4. Wang TJ, Larson MG, Vasan RS, et al. Metabolite 

profiles and the risk of developing diabetes. Nat 
Med. 2011;17(4):448–453. doi:10.1038/nm.2307. 

5. Umpleby AM, Boroujerdi MA, Brown PM, 
Carson ER, Sönksen PH. The effect of metabolic 
control on leucine metabolism in type 1 (insulin-
dependent) diabetic patients. Diabetologia. 
1986;29(3):131–141.  
 

6. Verrey F, Singer D, Ramadan T, Vuille-dit-Bille 
RN, Mariotta L, Camargo SMR. Kidney amino 
acid transport. Pflügers Arch Eur J Physiol. 
2009;458(1):53–60.  

 
7. Adefegha SA, Oboh G, Ejakpovi II, Oyeleye SI. 

Antioxidant and antidiabetic effects of gallic and 
protocatechuic acids: a structure–function 
perspective. Comp Clin Pathol. 2015;24(6):1579–
1585.  
 

8. Midttun O, McCann A, Aarseth O, et al. 
Combined measurement of six fat-soluble 
vitamins and 26 water-soluble functional vitamin 
markers and amino acids in 50 µL of serum or 
plasma by high-throughput mass spectrometry. 
Anal Chem. 2016;88(21):10427–10436. 

  
9. Raught B, Gingras AC, Gygi SP, et al. Serum-

stimulated, rapamycin-sensitive phosphorylation 
sites in the eukaryotic translation initiation factor 
4GI. EMBO J. 2000;19(3):434–444.  

 
10. Bolster DR, Vary TC, Kimball SR, Jefferson LS. 

Leucine regulates translation initiation in rat 
skeletal muscle via enhanced eIF4G 
phosphorylation. J Nutr. 2004;134(7):1704–1710.  

 
11. Magnusson M, Lewis GD, Ericson U, et al. A 

diabetes-predictive amino acid score and future 
cardiovascular disease. Eur Heart J. 
2013;34(26):1982–1989.  

 
12. Kolanu BR, Boddula V, Vadakedath S, Kandi V. 

Amino acid (leucine) chromatography: a study of 
branched-chain aminoaciduria in type 2 diabetes. 
Cureus. 2017;9(3):e1091.  

 
13. Bidi S, Reshma DC, Srinivas B, Sharma P, 

Sankanagoudar SS. Comparison of urinary amino 
acid excretory pattern in patients with type 2 
diabetes mellitus and non-diabetic healthy 
controls at a tertiary referral hospital in India. 
Diabetes Metab Syndr. 2020;14(4):357–362.  

 
14. Sushma BJ, Gupta V. A pilot study on screening 

for aminoacidurias using paper chromatography 
in subjects with type 2 diabetes and healthy 
subjects: a cross-sectional study. Int J Clin 
Biochem Res. 2024;11(4):260–268. 

 
15. Wang J, Zhou C, Zhang Q, Liu Z. Metabolomic 

profiling of amino acids study reveals a distinct 
diagnostic model for diabetic kidney disease. 
Amino Acids. 2023;55(11):1563–1572.  

 
16. Lee YT, Hsu CC, Lin MH, Liu KS, Yin MC. 

Histidine and carnosine delay diabetic 
deterioration in mice and protect human low-
density lipoprotein against oxidation and 
glycation. Eur J Pharmacol. 2005;513(1–2):145–
150.  

 
17. Watanabe M, Suliman ME, Qureshi AR, et al. 

Consequences of low plasma histidine in chronic 
kidney disease patients: associations with 
inflammation, oxidative stress, and mortality. Am 
J Clin Nutr. 2008;87(6):1860–1866. 

 
18. Preiss D, Rankin N, Welsh P, et al. Effect of 

metformin therapy on circulating amino acids in a 
randomized trial: the CAMERA study. Diabet 
Med. 2016;33(11):1569–1574.  



Sharma DK et al. GAIMS J Med Sci 2026;6(2) (Jul-Dec):36-44  
Online ISSN: 2583-1763 
 

44 
 

 
19. Kubota N, Kubota T, Kajiwara E, et al. 

Differential hepatic distribution of insulin 
receptor substrates causes selective insulin 
resistance in diabetes and obesity. Nat Commun. 
2016; 7:12977.  

 
20. Chen G, Goeddel DV. TNF-R1 signaling: a 

beautiful pathway. Science.2002; 296(5573): 
1634–1635. 

 
21. Fink LN, Oberbach A, Costford SR, et al. 

Expression of anti-inflammatory macrophage 
genes within skeletal muscle correlates with 
insulin sensitivity in human obesity and type 2 
diabetes. Diabetologia. 2013;56(7):1623–1628.  

 
22. Lee B, Moon KM, Kim CY. Tight junction in the 

intestinal epithelium: its association with diseases 
and regulation by phytochemicals. J Immunol 
Res. 2018; 2018:2645465.  

 
 

23. Xia L, Oyang L, Lin J, et al. The cancer metabolic 
reprogramming and immune response. Mol 
Cancer. 2021;20(1):28.  

 

Source of support: Nil 

Conflict of interest: None 

 

 

 

 

 

 

 

 

 

 

How to cite: Sharma DK, Rathore S. Amino 
Acid Dysmetabolism in Type 2 Diabetes 
Mellitus: Integrated Analysis of Urinary 
Chromatography and Serum Amino Acid 
Profiles. GAIMS J Med Sci 2026;6(2): 36-44. 
https://doi.org/10.5281/zenodo.19643828 


