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ABSTRACT: Tryptophan is an essential amino acid found in many protein-based foods and dietary proteins including meats, dairy, 

fruits, and seeds. High-glycaemic index and -glycaemic load meals also increase the availability of tryptophan. The main objective 

of the study is to find the role of tryptophan in diabetic patients. Tryptophan metabolism has been reported highly associated with 

insulin resistance and diabetes risk. The activity of rate-limiting enzyme of tryptophan-kynurenine, indoleamine-2,3-dioxygenase 

(IDO), was enhanced significantly in T2D patients, thus downstream metabolites such as kynurenine, kynurenic acid, xanthurenic 

acid and hydroxykynurenine, were higher in T2D than in non-diabetic subjects, although inconsistent observations of tryptophan 

levels. Returning to the question posed at the beginning of the review, these studies have shown that decreased level of tryptophan 

plays an important role in diabetic patients. decrease in plasma TRP levels in diabetic patients regardless of their gender and these 

patients also exhibited a greater incidence of memory dysfunction compared to the controls. 
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INTRODUCTION 

Tryptophan is an essential amino acid found in many protein-based foods and dietary proteins including meats, dairy, fruits, and 

seeds. excessive-glycaemic index and -glycaemic load meals also increase the provision of tryptophan. tiers of plasma tryptophan 

are decided through a stability between nutritional intake, and its removal from the plasma as a part of its vital role in protein 

biosynthesis. Tryptophan is the sole precursor of peripherally and centrally produced serotonin. however, the second one most 

conventional metaboli pathway of tryptophan after protein synthesis is the synthesis of kynurenine, which debts for about ninety% 

of tryptophan metabolism. Kynurenine is the precursor of kynurenic acid, an antagonist at glutamate ionotropic receptors. There is 

powerful proof implicating the kynurenines in behavioural and cognitive signs of neurological ailment, however the courting among 

the significant consequences of tryptophan depletion/supplementation and the kynurenine pathway is as but now not clear. 

Diabetes mellitus (DM) is the most common serious metabolic and endocrine disorder characterised via hyperglycaemia attributable 

to reduced insulin production/secretion. Diabetes reasons a variety of useful and structural disorders inside the relevant frightened 

machine (CNS) and the peripheral worried system (PNS). reviews have shown impairments in cognitive function and -fold chance 

of affective issues, dementia and Alzheimer's disease, in diabetes. numerous elements are implicated in the pathogenesis of diabetes-

brought about getting to know and reminiscence impairments. preceding research in animals have shown a decline in mind 

tryptophan (TRP) degrees and five-hydroxytryptamine (5-HT) levels in animal models of diabetes. 

numerous investigators have recommended that mind tryptophan tiers vary with the modifications in free plasma TRP. alternatively, 

other researchers4 have emphasised that mind TRP levels are extra touchy to the adjustments in general plasma TRP or to the ratio 

of overall plasma TRP to the sum of large neutral amino acids (LNAA) that compete with TRP for entry into the mind. proof 

indicates that diabetes is accountable for elevation of the plasma stages of LNAA4, that's related to decreased valuable tryptophan 

uptake18 due to which tryptophan transport to mind is reduced, leading to diminished brain serotonin synthesis rate among the 

diabetics. 

 

REVIEW OF LITERATURE 

Gilles J et al., (2016) described that recently, 5 amino acids were identified and verified as important metabolites highly associated 

with type 2 diabetes (T2D) development. For this purpose they aimed to assess the association of tryptophan with the development 

of T2D and to evaluate its performance with existing amino acid markers. A total of 213 members selected from a ten-
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year longitudinal Shanghai Diabetes look at (SHDS) were examined in methods: 1) 51 subjects who developed diabetes and 

162 individuals who remained metabolically healthy in 10 years; 2) the same 51 destiny diabetes and 23 strictly matched 

ones selected from the 162 wholesome individuals . Baseline fasting serum tryptophan concentrations had been quantitatively 

measured using ultra-performance liquid chromatography triple quadruple mass spectrometry. First, serum 

tryptophan level become located notably better in destiny T2D and changed into undoubtedly and independently associated 

with diabetes onset hazard. sufferers with higher tryptophan level tended to provide better degree of insulin resistance and secretion, 

triglyceride and blood pressure. 2nd, the prediction potential of tryptophan is non-inferior to the five existing amino acids. The 

predictive overall performance of the mixed rating progressed after taking tryptophan into account. Their findings unveiled 

the ability of tryptophan as a new marker related to diabetes chance in chinese populations. The addition of 

tryptophan supplied complementary cost to the prevailing amino acid predictors. Tryptophan metabolism has 

been said tremendously related to insulin resistance and diabetes danger. The hobby of charge-limiting enzyme of tryptophan-

kynurenine, indoleamine-2,3-dioxygenase (IDO), become greater drastically in T2D patients, therefore downstream 

metabolites such as kynurenine, kynurenic acid, xanthurenic acid and hydroxykynurenine, have been better in T2D than in non 

diabetic subjects, despite the fact that inconsistent observations of tryptophan stages have been mentioned. exceptional from 

preceding reports, our observe centered on the predictive price of baseline tryptophan for destiny T2D which would possibly 

contribute to early screening and intervention in medical institution. interestingly, our recent gastric skip surgical operation observe 

confirmed that baseline serum tryptophan stage was negatively associated with diabetes duration. 

 Adams et al. said that plasma ranges of valine and leucine had been accelerated step by step all through diabetes development inside 

the UCD-T2D (university of California at Davis type 2 Diabetes Mellitus) rat version. Taken together, it is probably supposed that, 

serum tryptophan stages extended before insulin resistance and T2D and then depleted step by step at the side of the development of 

T2D. The version pattern of circulating tryptophan can also constitute the compensatory metabolic reaction to accelerated oxidative 

stress associated with inflammation as well as the competition with branched-chain amino acids for the identical trans-membrane 

transporter at some point of the development of T2D . 

G.F Carl in 2009 defined that diabetic ketoacidosis (DKA) is a excessive metabolic disturbance of insulin-structured diabetes 

mellitus (IDDM) which has a large effect on amino acid metabolism. Amino acids function precursors for various neurotransmitters 

which can be concerned in affective issues, and patients with IDDM are recognised to have an extended incidence of affective 

disorders. We monitored the plasma concentrations of 23 amino acids in six adolescents previous to remedy of DKA and at 6, 24 

and 120 hours after initiation of treatment. The 9aaf3f374c58e8c9dcdd1ebf10256fa5 boom in the concentrations of the glucogenic 

amino acids and the decrease within the branched-chain amino acids were determined in response to treatment of DKA. Low degrees 

of tryptophan have been observed prior to remedy of DKA . 

remedy improved the plasma tryptophan tiers, but the mean awareness remained low for the duration of the sampling length. best 

the glutamate-derived amino acids (glutamate, proline and glutamine) from the Krebs cycle pool had been notably stricken by 

treatment. Glutamine declined initially, but recovered because the plasma pH normalized. Our outcomes indicate that DKA reasons 

a depletion of plasma tryptophan. This depletion can also predispose some sufferers with IDDM to have affective problems 

secondary to a neurotransmitter imbalance. Several current reports confirmed that the plasma-loose amino acid (PFAA) profiles are 

altered before the improvement of kind 2 diabetes or cardiovascular activities. The Framingham Offspring observe these days found 

out that the PFAA degrees, especially the ranges of branched-chain amino acids (BCAAs) and aromatic amino acids, had been 

notably related to a future analysis of diabetes mellitus1 and cardiovascular diseases. We previously revealed that several amino 

acids were appreciably altered in eastern people with excessive visceral obesity independent of their frame mass index (BMI). 

similarly, a particular formulation incorporating six amino acid values (alanine (Ala), glycine (Gly), glutamate (Glu), tryptophan 

(Trp), tyrosine (Tyr), and BCAA) changed into advanced for discrimination of subjects with excessive visceral fats accumulation 

with the aid of multivariate logistic regression analyses, and this system was strongly correlated with visceral fat deposition 

independent of the BMI. 

Because hyperinsulinemia and the improvement of kind 2 diabetes are strongly related to visceral weight problems, diabetic patients 

are predicted to expose different plasma amino acid styles and a better price of this index. despite the fact that the plasma 

concentrations of some amino acids were mentioned to be altered in diabetic patients compared with the ones of healthful people, 
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the relationships between PFAA concentrations and the index fee or different biochemical markers together with glucose- and 

insulin-associated variables, specially inside topics with kind 2 diabetes, stay uncertain. 

Finish 

 

 
 

Cluster analysis of plasma amino acid and other clinical variables in type 2 diabetic patients. 

Tryptophan depletion might affect memory processes by affecting brain TRP levels, thereby decreasing 5-HT synthesis. The results 

of the study provide a strong evidence for the association between low plasma TRP levels and memory impairment in diabetic 

patients as compared to the controls. The frequency of the memory dysfunction was similar in men and women diabetics. Diabetes 

is associated with several adverse effects on the brain resulting primarily from hyperglycaemia due to decreased insulin release.  

Moderate impairment of learning and memory has been reported in diabetesi. 

Determination of Trp Level as a DM Trigger  

Accumulating data showed that the changes in metabolism of Trp and its active metabolites play essential roles in both the 

pathogenesis and complications of diabetes. The altered L-Trp metabolism may play a role in the pathogenesis of diabetes mellitus 

and developing the risk of complications. Some previous studies have suggested that Trp decreased and its metabolism up-regulates 

in diabetic patients. Based on studies performed on the relationship between Trp and diabetes, the related studies on human and 

animal samples have been selected, the details of which are explained below: In another study, L- Trp level was assessed in diabetic 

and normal serum samples in human using the reduced graphene oxide/gold nanoparticles/18-crown-6. Based on the square wave 

voltammetry (SWV) results, a low limit of detection (LOD) was calculated as about 0.48 μM and 0.61 μM for diabetic and normal 

samples, respectively. It seems that the nanocomposite could be known as a good choice for L-Trp determination in human serum. 
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In another study, C-mannosyl tryptophan (C-Man-Trp) was measured in different tissues obtained from normal or diabetic mice. 

The increased excretion of C-Man-Trp level was also observed in urine and kidney tissue; however, C-Man-Trp levels reduced in 

the liver of diabetic mice. Correspondingly, these results suggested that C-Man-Trp metabolism is greatly affected by diabetesii. 

Chou et al. in their study evaluated serum levels of various metabolites among diabetic patients at various stages of chronic kidney 

disease. It was shown that Lower Trp levels are associated with a rapid drop in the estimated glomerular filtration rate (eGFR). 

Moreover, this study exhibited that Trp level might be considered as a potential biomarker for diabetic nephropathy (Chou et al., 

2015). In the Rebnord et al.’s study, the associations of the kynurenine (KYN): Trp ratio (KTR) to the occurrence of diabetes type 

2, was considered. Thereafter, the plasma and urine samples of studied individuals with coronary artery disease were obtained, and 

the levels of KYN and Trp were then measured. Although the results showed no significant relationship between KTR and type 2 

diabetes in Plasma samples, was a strong positive association was found between KTR and type 2 diabetes in urine samplesiii. 

Determination of L-Trp as a biomarker of diabetes in old age 

It was found that aging changes the composition and function of adipose tissue, and consequently leads to insulin resistance and fat 

storage in the ectopic body part. The cellular changes that converge during the aging process are dysfunction in mitochondria, 

antioxidant deficiency, inflammation, and the decreased immune response. Accordingly, these changes affect the KYN pathway 

(KP), which is known as a major pathway for Trp catabolism. Some studies have previously reported that Trp metabolites play a 

key role as a potential biological mediator for T2D (Park et al., 2015).  

Trp metabolism is thought to be altered due to various physiological and psychological pressures such as self-care in diabetic 

patients. These findings exhibited the possible role of Trp in geriatric diabetic patients. In a study, Trp metabolites were assessed in 

healthy and diabetic adult men. The results confirmed that 5- hydroxytryptophan (5-HTP) levels were higher in diabetic patients 

compared to healthy adult men. Calvani et al. in their study determined the circulating amino acids in diabetic frail adults, in order 

to detect the concentrations of circulating 37 amino acids. They reported high Trp levels in serum samples of diabetic adults 

compared to their control participants. In another study, the measurement of Trp, KYN, and neopterin levels as immune activation 

markers in volunteers aged ≥65 and <65 years old, was performed (Nakamura et al., 2014).  

The geriatric groups had low Trp levels compared to the young groups. Conversely, Trp and KYN/Trp levels were found to be 

significantly higher than adults without DM. In a research, Shimizu et al. evaluated the Trp metabolites in plasma samples obtained 

from both young and old participants with and without type 2 diabetes. Plasma Trp metabolites levels in young women and old men 

were found to be higher than young men and old women. Except the KYN and indole butyric acid, the plasma levels of Trp 

metabolites were higher in diabetic patients than adult men. Furthermore, Matsuoka et al. presented various Trp metabolites in 

diabetic and healthy men. Accordingly, their results showed that the plasma level of Trp in diabetic adults was lower than that of 

healthy subjects, but it was not statistically significant. As well, 5-HTP concentration and the other related Trp metabolites were 

statistically higher in diabetic adultsiv. 

Decreased Plasma Tryptophan in memory deficits observed in Type-I diabetes 

Tryptophan depletion might affect memory processes by affecting brain TRP levels, thereby decreasing 5-HT synthesis. The results 

of the study provide a strong evidence for the association between low plasma TRP evels and memory impairment in diabetic 

patients as compared to the controls. The frequency of the memory dysfunction was similar in men and women diabetics. Diabetes 

is associated with several adverse effects on the brain resulting primarily from hyperglycaemia due to decreased insulin release. 

Moderate impairment of learning and memory has been reported in diabetes.  

Evidence shows that brain TRP and 5-HT have a significant role in learning and memory. Alterations in brain 5-HT levels can 

contribute to behavioural differences in mice and psychiatric disorders in humans. Previously, it has been reported that increasing 

brain 5-HT by administration of TRP enhances memory function, while decreased brain 5-HT has also been shown to impair 

memoryv. 

 

CONCLUSION 

Returning to the question posed at the beginning of the review, these studies have shown that decreased level of tryptophan plays 

an important role in diabetic patients. decrease in plasma TRP levels in diabetic patients regardless of their gender and these patients 

also exhibited a greater incidence of memory dysfunction compared to the controls. The decrease in plasma TRP levels in the present 
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findings may be attributed to the greater metabolism of TRP by alternative pathways. Evidence shows that activity of liver TRP 

oxygenase enzyme is increased in diabetes. Indeed, such metabolic alterations in diabetes may ultimately result in decreased 

synthesis of brain 5-HT in diabetic patients. 

Identification of T2D biomarkers due to the heterogeneity of the nature of T2D, is a big challenge. Another point to be considered 

is clinical phenotypes of disease comprising of age and BMI, as well as considering biochemical features, including insulin 

resistance and the effect of various environmental exposures. Accordingly, all of them lead to disease’s variability. In these 

circumstances, the findings of recent studies could not help us in clarifying how a group of biomarkers may interact in other 

biological pathways or interact with biomarkers, in order to intensify diabetes progress. Therefore, to overcome such challenges, 

some studies have suggested that the use of data clustering methods can affect DM to control the role of underlying variables in 

relevant studies. So, a well-organized of these variables could provide a suitable way for biomarker’s determination in DM. Another 

suggestion for biomarker research studies is the use of the network analysis to evaluate the cumulative effect of the different 

biomarkers on the enhancement of early diagnosis of DM complications. 
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