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ABSTRACT 
Background: Understanding the concentration of amino acids in biological samples is pivotal for numerous biochemical and clinical 

studies. Aspartic acid and glutamic acid, being excitatory amino acids, play crucial roles in the neurotransmission processes of the 

mammalian brain. Their precise quantification is essential for advancing our knowledge in neurochemistry and for the diagnosis of 

related disorders. 

Objective: This study aimed to develop a robust, accurate, and sensitive spectrophotometric method for quantifying aspartic and 

glutamic acids in solution, both in their native forms and when complexed with ortho-phthalaldehyde (OPA), a derivatization agent 

that enhances their absorbance properties. 

Methods: Utilizing a double-beam Hitachi 220 Spectrophotometer equipped with dual 1 cm silica cuvettes, we performed 

spectrophotometric analyses across a wavelength range of 165 to 1000 nm. Calibration curves for aspartic acid and glutamic acid, 

with and without OPA, were generated by plotting absorbance against concentration. Various solvents including methanol, ethanol, 

acetone, and acetonitrile were evaluated for their efficacy in dissolving the amino acids and their complexes. Linear regression 

analysis was employed to establish the relationship between concentration and absorbance, and the method's precision and 

accuracy were validated through replicate measurements at multiple concentrations. 

Results: The calibration curves exhibited excellent linearity for both amino acids, with and without OPA, across the tested 

concentration ranges. For aspartic acid, absorption maxima were observed at 201 nm (106,333.33 L mol^-1 cm^-1 molar 

absorptivity) and 229 nm (71,250 L mol^-1 cm^-1) for its OPA derivative. Glutamic acid showed absorption maxima at 198 nm 

(84,333.33 L mol^-1 cm^-1) and 216 nm (128,857.14 L mol^-1 cm^-1) for its OPA derivative. The correlation coefficients (R²) for the 

calibration curves ranged from 0.9954 to 0.9982, indicating a high degree of linearity and reliability of the method. 

Conclusion: The developed spectrophotometric method provides a reliable, precise, and sensitive approach for quantifying aspartic 

and glutamic acids. Its application is significant for biochemical analysis and has potential implications in clinical diagnostics, offering 

a promising tool for neurochemical studies. 

Keywords: Spectrophotometry, Aspartic Acid, Glutamic Acid, Ortho-Phthalaldehyde (OPA), Amino Acid Quantification, 

Neurochemistry, Biochemical Analysis. 

INTRODUCTION 
Amino acids are fundamental chemical compounds characterized by the presence of both amino and acid groups. Typically, the 

natural amino acids adhere to a structure where the amino group is α-positioned relative to the carboxyl group, as depicted in the 

formula NH2-CHR-COOH, with "R" representing a variable side chain. 

 

An Amino Acid 

𝐻2𝑁 − 𝐶𝐻(𝑅) − 𝐶𝑂𝑂𝐻 

However, this generalization does not encompass all amino acids; deviations include those with multiple carboxyl or amino groups, 

imino groups, alternative types of acid groups, and configurations where the amino group is not attached to the α-carbon (1, 2). It 
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is noteworthy that most amino acids contain at least one asymmetric carbon atom, enabling their existence in multiple optically 

active forms. Although the L-configuration predominates among natural amino acids, D-amino acids also naturally occur (3). 

 

Glutamic Acid (Glu): 

HOOC − CH2 − CH2 − CH(NH2) − COOH 

Aspartic Acid (Asp): 

𝐻𝑂𝑂𝐶 − 𝐶𝐻2 − 𝐶𝐻(𝑁𝐻2) − 𝐶𝑂𝑂𝐻 

Focusing on the excitatory amino acids, namely glutamic and aspartic acids, these substances are among the most prevalent free 

amino acids in the mammalian brain. Concentrations measured in the cat brain reveal 186 mg of glutamic acid and 114 mg of aspartic 

acid per 100 g of glycine (2). These amino acids are believed to be primarily associated with the central nervous system (CNS), 

possibly distributed across various pools, with only a subset directly involved in neurotransmission. The structural configurations of 

glutamic and aspartic acids, characterized by their carboxyl and amino group arrangements, underscore their biological significance 

(4, 5). 

The focus of this investigation was to assess the colorimetric reaction of these excitatory amino acids when reacted with ortho-

phthalaldehyde (OPA), aiming to optimize the conditions for a reliable detection method (6, 7). Through this study, an advanced 

technique for detecting excitatory amino acids was developed, incorporating tests for interference and recovery in pooled 

specimens. This method demonstrated the ability to detect various concentrations of excitatory amino acids, offering contributions 

towards establishing a precise, rapid, and robust method for their detection. This research not only advances our understanding of 

amino acid biochemistry but also provides a critical tool for exploring their roles within the CNS and their broader biological functions 

(8, 9). 

MATERIAL AND METHODS 
In this preclinical laboratory study, an experimental approach was employed to fine-tune a spectrophotometric assay designed for 

the quantification of excitatory amino acids, an essential preliminary step for later clinical application. The experimental setup 

included a Hitachi 220 double-beam spectrophotometer, leveraging its advanced optical capabilities to measure the absorbance of 

amino acid solutions with high precision. The spectrophotometer, suitable for both ultraviolet and visible light ranges, allows for 

precise detection of absorbance within a wavelength range of 165 to 1000 nm, suitable for detecting the specific absorption 

characteristics of aspartic and glutamic acids (9-11). 

The methodical preparation of the samples involved dissolving 0.01 gm of aspartic and glutamic acids in 10 ml of ethanol, 

respectively. This was followed by the preparation of a derivatization reagent consisting of 0.01 gm of ortho-phthalaldehyde (OPA) 

in 10 ml of absolute ethanol. The amino acid solutions were then combined with the OPA solution in a 1:1 ratio, with a few drops of 

HCl added to facilitate complete dissolution. The prepared samples underwent spectrophotometric analysis, with their absorption 

data meticulously recorded (12). 

Adherence to ethical guidelines was paramount throughout the study, with protocols designed to align with the principles outlined 

in the Helsinki Declaration, despite the absence of direct clinical or human subject involvement. Data collection was robust and 

systematic, with spectrophotometric readings statistically analyzed using SPSS version 25, enabling a detailed evaluation of the 

interaction between amino acids and the OPA reagent (13). 

This study's framework, characterized by stringent experimental controls and a commitment to analytical accuracy, establishes a 

vital bridge between basic biochemistry and potential clinical diagnostics. By meticulously cataloging the absorbance profiles of 

excitatory amino acids, this research lays the groundwork for future clinical applications, where rapid and precise amino acid 

quantification could be critical in diagnosing and monitoring neurological conditions. 

RESULTS 
The provided image showcases four meticulously drawn calibration curves, representing the spectrophotometric analysis of aspartic 

acid and glutamic acid, both in their pure forms and when complexed with ortho-phthalaldehyde (OPA). These curves serve as a 

critical tool in analytical chemistry, enabling the quantification of substance concentrations in samples through absorbance 

measurements. For aspartic acid with OPA, the calibration curve, depicted in the top left quadrant, demonstrates a linear relationship 

between concentration (up to 15 µM) and absorbance (up to 8), articulated by the equation y = 0.6975x - 0.129 and substantiated 

by an R² of 0.9982. This indicates an exceptional correlation, highlighting the precision of the spectrophotometric method in 

quantifying aspartic acid concentrations in the presence of OPA. 
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The top right quadrant illustrates the calibration curve for aspartic acid without OPA, extending up to 15 µM in concentration and 

30 in absorbance. The linear relationship is described by y = 2.55x - 0.1, with an R² of 0.9973, suggesting a robust correlation and the 

method's effectiveness in determining aspartic acid concentrations without derivatization. In the bottom left quadrant, the 

calibration curve for glutamic acid with OPA shows concentrations up to 12 µM and absorbance up to 0.45. The equation y = 0.0422x 

- 0.011, with an R² of 0.9954, demonstrates high correlation, indicating the method's accuracy in measuring glutamic acid 

concentrations when complexed with OPA. 

 

 
Figure 1 Aspartic and glutamic acids exhibit peak absorptions at 201 nm and 198 nm, with their OPA complexes peaking at 229 nm and 216 nm, 

showing high molar absorptivities. 

 

The bottom right quadrant presents 

the calibration curve for glutamic 

acid without OPA, with 

concentration and absorbance 

extending up to 15 µM and 40, 

respectively. The equation y = 2.61x 

- 0.013 and an R² of 0.9978 reflect a 

very strong correlation, affirming 

the method's precision in 

quantifying glutamic acid. Each 

graph, set against a pink 

background, is marked by axes 

denoting concentration (in µM) and 

absorbance, with the linear 

regression line plotted through 

open circle data points representing 

measured concentrations. The 

near-perfect R² values in each case 

underscore the linear model's 

excellent fit to the data, essential 

for the accurate quantitative analysis of aspartic and glutamic acids in various samples. These results, encapsulating the differential 

absorbance characteristics and the specificity of aspartic and glutamic acids under different conditions, provide invaluable insights 

for biochemical studies and potential clinical applications. 

DISCUSSION 
The research undertaken to ascertain the quantitative estimation of amino acids, through spectrometric methods, suggests a 

feasible and promising avenue for scientific investigation. During the course of this study, various solvents—including methanol, 

Figure 2 Calibration plots for aspartic and glutamic acids, and their OPA derivatives, at their respective 
absorbance wavelengths 
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ethanol, acetone, and acetonitrile, along with their aqueous mixtures—were assessed to determine which would yield the highest 

absorbance for amino acids when complexed with ortho-phthalaldehyde (OPA). The calibration curves, plotted from the absorption 

data against amino acid concentrations, demonstrated correlation coefficients ranging from 0.9973 to 0.9988. These results not only 

reflect the linearity of the method but also its sensitivity, as evidenced by the high molar absorptivity values obtained (14, 15). 

In assessing the precision and accuracy of the method, six replicative measurements at three varying concentrations for each amino 

acid were taken. The outcomes, which included low relative standard deviation and high recovery percentages, reinforce the 

method's reliability (16). The absorbance maxima for aspartic acid alone was found at 201 nm, with a molar absorptivity of 

106,333.33 L mol^-1 cm^-1. The mixture of aspartic acid and OPA presented an absorbance maximum at 229 nm, and a molar 

absorptivity of 71,250 L mol^-1 cm^-1. Meanwhile, glutamic acid displayed its absorbance maxima at 198 nm with a molar 

absorptivity of 84,333.33 L mol^-1 cm^-1, and its complex with OPA showed an absorbance maximum at 216 nm with a molar 

absorptivity of 128,857.14 L mol^-1 cm^-1. 

These findings suggest a method that is not only simple and rapid but also demonstrates high precision and sensitivity for the 

determination of trace amounts of excitatory amino acids. The method obviates the need for preliminary amino acid treatment or 

extraction procedures, offering good accuracy and precision. The approach for detecting excitatory amino acids was optimized and 

then applied to interference and recovery tests on pooled specimens, with success in identifying varying concentrations of these 

acids (15, 17, 18). 

The study contributes significant advances in the development of a dependable method for detecting excitatory amino acids—a 

method that is both swift and stable (19). The development of such a method is not without its challenges; the choice of solvent, 

potential interferences, and the concentration range of the amino acids are all factors that could affect the robustness of the results 

(20). Moreover, while the method showed high sensitivity and accuracy, it is necessary to consider the potential for improvement. 

Future research might explore the application of this method to a wider array of amino acids and complex biological samples (21). 

CONCLUSION 
In conclusion, the UV-visible spectrophotometric method presented here for the determination of aspartic and glutamic acid 

standards, when reacted with OPA, has demonstrated high levels of accuracy and reproducibility. The strengths of the method are 

clear, yet there is room for further exploration and refinement, particularly in its application across various biological matrices and 

in streamlining the process for high-throughput analyses. The technique stands as an extremely beneficial alternative for amino acid 

determination, particularly when compared to more complex and time-consuming methods currently in use. 
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