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ABSTRACT 
A UV–Visible spectrophotometric method was rigorously validated for precise and sensitive biochemical 

quantification, yielding excellent linearity, low detection limits, and high accuracy and precision across the full analytical 
range. The method employed the uricase–peroxidase chromogenic system with absorbance measured at 520 nm. 
Calibration was linear within 0.5–15.0 mg/dL (R² = 0.996), fully covering the physiological and pathological range of 
uric acid. The limit of detection (0.15 mg/dL) and limit of quantification (0.45 mg/dL) were lower than those typically 
reported for routine UV–Vis assays (LOD 0.3–0.5 mg/dL), ensuring applicability to both low- and high-concentration 
determinations. Recovery experiments at 80%, 100%, and 120% of the target concentration yielded 96–104%, meeting 
internationally accepted accuracy criteria. Precision was robust, with intra-day RSD values below 5% and inter-day values 
below 6%, surpassing the ≤10% variability commonly observed in conventional spectrophotometric assays. Specificity 
testing with glucose, bilirubin, hemoglobin, and ascorbic acid showed maximum deviations of ±7%, well within the ±10% 
tolerance recommended for analytical methods. Comparative evaluation against recently reported spectrophotometric and 
biosensor-based assays highlighted superior sensitivity, reproducibility, and cost-effectiveness. These findings 
demonstrate that when rigorously validated, UV–Vis spectrophotometry offers a reliable, accurate, and economical 
platform for the quantification of biological analytes in diverse analytical settings.. 
Keywords: UV–Visible spectrophotometry; analytical validation; linearity; limit of detection; accuracy; precision; 
biological analytes 

1. Introduction 
The validation of analytical methods is a cornerstone of modern 

analytical chemistry, ensuring that measurements of chemical species 
are reliable, reproducible, and universally comparable. In recent 
decades, the demand for validated quantitative methods has expanded 
not only in clinical biochemistry but also in environmental and food 
chemistry, where accurate quantification of trace analytes is essential 
for monitoring human health and ecosystem integrity [1,2]. The global 
trend toward evidence-based decision-making has reinforced the role 
of validated analytical protocols as the foundation for regulatory 
compliance, scientific advancement, and laboratory accreditation [3]. 
Among the wide array of available techniques, UV–Visible 
spectrophotometry remains one of the most accessible and versatile 
tools in analytical laboratories. Its advantages include affordability, 
ease of operation, and broad applicability across diverse matrices [4,5]. 
Compared with chromatographic and electrochemical techniques, UV–
Vis offers shorter analysis times and simpler sample preparation, 
making it attractive for laboratories in resource-limited settings [6]. 
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However, one of the main criticisms of UV–Vis spectrophotometry lies in its potential lack of sensitivity and 
incomplete validation, which may compromise data reliability in complex matrices [7]. For this reason, rigorous 
validation according to international guidelines such as ICH Q2(R1) and CLSI remains indispensable for 
spectrophotometric methods, ensuring their credibility and comparability to more sophisticated analytical 
platforms [8,9].  The concept of analytical validation encompasses several parameters that collectively define 
method reliability. Linearity and range establish the working concentration interval over which the method can 
generate accurate responses; sensitivity, often expressed as the limit of detection (LOD) and limit of 
quantification (LOQ), defines the lowest concentration measurable with statistical confidence [10]. Accuracy is 
typically evaluated through recovery studies, while precision reflects the reproducibility of measurements 
under repeatability and intermediate conditions [11]. Specificity, another crucial criterion, assesses the method’s 
ability to measure the analyte in the presence of potential interferents, whereas robustness evaluates the 
method’s resilience to minor variations in experimental conditions [12]. 

In recent years, spectrophotometric approaches have been substantially improved through the integration 
of enzymatic reactions and chromogenic systems, which enhance both selectivity and sensitivity. For example, 
the uricase–peroxidase system generates quinoneimine chromophores that absorb strongly at visible 
wavelengths, providing a basis for reliable quantification of uric acid as a model analyte [13]. Such enzyme-
coupled systems not only minimize interferences but also extend the applicability of UV–Vis methods to 
biochemical and environmental analytes where precise quantification is required [14]. Despite the emergence 
of biosensors and advanced chromatographic systems offering ultra-trace detection capabilities, these 
techniques often require expensive instrumentation and skilled personnel, limiting their widespread adoption 
in routine laboratories [15–17]. By contrast, UV–Vis spectrophotometry, when rigorously validated, can deliver 
reproducibility, sensitivity, and accuracy comparable to high-end methods, at a fraction of the cost [18]. 
Comparative studies have reported UV–Vis methods achieving correlation coefficients (R²) exceeding 0.99 
across relevant concentration ranges, LOD values as low as 0.15–0.20 mg/dL, and recovery percentages 
consistently within the 95–105% acceptance range [19,20]. These outcomes underscore that properly validated 
UV–Vis assays can meet or exceed international performance benchmarks, making them indispensable for 
both routine diagnostics and advanced analytical applications. Furthermore, investigations of specificity have 
demonstrated that well-designed spectrophotometric methods can tolerate common interferents such as 
glucose, bilirubin, hemoglobin, and ascorbic acid with deviations not exceeding ±10%, thereby satisfying the 
requirements outlined by CLSI and ICH guidelines [21].  Several studies from Iraq and the surrounding region 
further illustrate the critical role of validated spectrophotometric and related analytical methods. Mahmood et 
al. demonstrated the feasibility of validated UV–Vis and atomic absorption protocols for assessing water 
quality and heavy metal concentrations in environmental matrices, including raw and drinking water from 
Anbar Province [22,23]. Additional studies reported validated approaches for quantifying lead in soils and air, 
highlighting the capacity of spectrophotometric methods to detect toxic elements with high accuracy and 
reproducibility [24,25]. Other works investigated the determination of physicochemical parameters in hospital 
wastewater and the concentrations of heavy metals in juices and petroleum derivatives, again emphasizing the 
importance of method validation for producing reliable, decision-supporting data [26–29]. These contributions 
align with global analytical practices, reinforcing the necessity of robust validation in diverse matrices beyond 
clinical applications.  The analytical reliability demonstrated in such studies is not confined to environmental 
monitoring. International reports confirm that validated spectrophotometric assays are being increasingly 
applied to food analysis, pharmaceutical formulations, and biomarker quantification, where their cost-
effectiveness and methodological simplicity offer significant advantages [30–32]. For instance, recovery rates 
above 98% and inter-day precision below 6% have been achieved in validated spectrophotometric protocols, 
surpassing the minimum acceptance criteria established by ICH [33]. These results demonstrate that when 
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appropriately validated, UV–Vis spectrophotometry can compete with, and in some cases outperform, more 
complex and expensive platforms in terms of robustness and reproducibility. 

Although numerous analytical techniques have been reported for uric acid determination, many rely on 
expensive instrumentation or complex procedures that are not always accessible in routine or resource-limited 
laboratories. Consequently, there remains a need for a simple, cost-effective, and rigorously validated 
spectrophotometric method. The present study aims to provide a comprehensive analytical validation of a UV–
Vis approach following international guidelines to ensure reliability, sensitivity, and practical applicability for 
routine biochemical analysis. 

2. Materials and methods 
All analytical procedures were carried out in accordance with international validation protocols, including 

ICH Q2(R1) [34] and CLSI recommendations [35], to ensure reproducibility and comparability with globally 
accepted analytical standards. A double-beam UV–Visible spectrophotometer (Shimadzu UV-1800, Japan) 
equipped with matched 1.0 cm quartz cuvettes was used for all absorbance measurements. The analytical 
wavelength was fixed at 520 nm, corresponding to the absorbance maximum of the quinoneimine chromogen 
generated in the uricase–peroxidase enzymatic system [36]. All reagents were of analytical grade, and certified 
uric acid reference material was employed for calibration and validation. Enzymatic reagents (uricase and 
peroxidase) and chromogenic substrates were freshly prepared in 0.05 M phosphate buffer (pH 7.4) to maintain 
enzyme stability and reproducibility of the reaction [37]. 

Calibration standards were prepared by serial dilution of a uric acid stock solution to yield working 
concentrations spanning 0.5–15.0 mg/dL, thereby encompassing the full decision interval of interest in both 
low and elevated biological conditions. Each calibration point was measured in triplicate, and regression 
analysis was applied to determine the slope, intercept, and correlation coefficient. Linearity was accepted when 
the coefficient of determination (R²) was ≥0.99 and residual plots demonstrated homoscedastic distribution [38]. 

Sensitivity was evaluated by calculating the limit of detection (LOD) and limit of quantification (LOQ) 
using the standard deviation of replicate blank responses and the slope of the calibration curve, following the 
3σ/slope and 10σ/slope criteria, respectively [39]. Accuracy was established through spike–recovery 
experiments at three concentration levels corresponding to 80%, 100%, and 120% of the target value. Each 
level was analyzed in triplicate, and recovery rates within 95–105% were accepted as valid according to ICH 
recommendations [34]. 

Precision was assessed under both repeatability (intra-day) and reproducibility (inter-day) conditions. For 
intra-day precision, three independent replicates at low, medium, and high concentrations were analyzed within 
a single day, while inter-day precision was evaluated by repeating the same protocol across three consecutive 
days. Precision was expressed as relative standard deviation (RSD), with acceptance criteria set at ≤10%, 
consistent with international analytical standards [35]. 

Specificity was evaluated by spiking serum samples with common interferents including glucose, 
bilirubin, hemoglobin, and ascorbic acid at physiologically relevant concentrations. The method was 
considered specific if deviations in measured values relative to unspiked controls remained within ±10% [40]. 
Robustness was further assessed by introducing minor, deliberate changes to experimental parameters, 
including incubation temperature (±1 °C), buffer pH (±0.1), and reaction time (±2 min). The assay was 
considered robust when these changes did not significantly affect calibration slope, intercept, or recovery [41]. 

Fifteen clinical serum samples were included as a preliminary proof-of-concept set to demonstrate 
applicability in real matrices, which is consistent with early-stage analytical validation studies  collected from 
volunteers in Anbar Governorate, Iraq, under informed consent and institutional ethical approval. Each sample 
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was analyzed in triplicate using the validated protocol to confirm applicability to real biological matrices. Data 
analysis included calculation of mean, standard deviation, and relative standard deviation for all validation 
parameters. Welch’s t-test was employed for group comparison when required, but the primary emphasis 
remained on analytical validation performance. All numerical and graphical outputs, including calibration plots, 
recovery analyses, and interference profiles, were generated using Microsoft Excel and GraphPad Prism [42]. 

3. Results and discussion 
The limited number of clinical samples represents a preliminary validation rather than a population-scale 

assessment. Larger cohorts will be required for broader clinical generalization. 

The analytical validation demonstrates that the optimized UV–Vis spectrophotometric protocol provides 
robust and reproducible quantification suitable for routine laboratory implementation. Recent methodological 
studies emphasize rigorous LOD/LOQ assessment and homoscedasticity checks in calibration; accordingly, 
this work follows those practical recommendations [43]. Linearity was excellent across 0.5–15.0 mg/dL 
(correlation coefficient R² = 0.996), covering both physiological and pathological decision intervals and 
indicating negligible systematic bias across the working range (see Table 1). The calibration data confirm a 
proportional response and a low intercept compatible with reliable quantitative use. 

Table 1. Calibration parameters for the validated UV–Vis spectrophotometric method. 

Parameter Value 

Slope 0.085 

Intercept 0.012 

Correlation coefficient (R²) 0.996 

LOD (mg/dL) 0.15 

LOQ (mg/dL) 0.45 

Sensitivity evaluation yielded an LOD of 0.15 mg/dL and an LOQ of 0.45 mg/dL, values that compare 
favorably with recent validated spectrophotometric and biosensor platforms and that meet stringent detection 
requirements for clinical monitoring [43,45,48]. Achieving lower detection and quantification limits ensures 
that small but clinically relevant shifts in analyte levels are resolvable, an advantage particularly important for 
early detection and monitoring programs [43,46]. 

Accuracy (trueness) was assessed by spike–recovery experiments at three concentration levels; mean 
recoveries were 97.5%, 102.0% and 103.3% at 80%, 100% and 120% respectively (see Table 2, Figure 1). 
The recovery profile, visualized below, demonstrates tight agreement with nominal values across the tested 
range, and aligns with performance reported in contemporary enzymatic validation studies [48,52]. 

Table 2. Recovery results at 80%, 100%, and 120% concentration levels. 

Spiking level Expected (mg/dL) Found (mg/dL) Recovery (%) 

80% 4.0 3.90 97.5 

100% 5.0 5.10 102.0 

120% 6.0 6.20 103.3 
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Figure 1. Recovery profile of spiked concentrations at 80%, 100%, and 120% levels. 

Precision testing confirmed the method’s repeatability and intermediate precision. Intra-day RSD values 
were ≤4.5% and inter-day RSD values ≤5.8% across low, medium and high concentration points (see Table 
3), comfortably within commonly accepted bioanalytical limits and comparing favorably with high-quality 
spectrophotometric validations [44,50,52]. Such low relative standard deviations indicate robustness to routine 
operational variability (instrument, operator, day-to-day), which is critical for consistent clinical application. 

Table 3. Intra- and inter-day precision expressed as RSD%. 

Concentration level Intra-day RSD (%) Inter-day RSD (%) 

Low 4.5 5.5 

Medium 3.8 5.0 

High 3.5 5.8 

Specificity was systematically examined by spiking serum with representative endogenous interferents 
(glucose, bilirubin, hemoglobin, ascorbic acid). Observed deviations from control samples ranged between –
5.1% and +6.2% (see Table 4), all within the ±10% tolerance commonly used in validation practice [49,53]. 
These results confirm that the uricase–peroxidase chromogenic reaction, as implemented here, remains 
selective for uric acid even in complex serum matrices and is not substantially compromised by typical 
interferents encountered in clinical specimens [39,49]. 

Table 4. Specificity analysis against glucose, bilirubin, hemoglobin, and ascorbic acid. 

Interferent Deviation (%) 

Glucose –5.1 

Bilirubin +4.8 

Hemoglobin +6.2 

Ascorbic acid –3.9 

Application to real clinical specimens (n = 15) verified practical utility: mean serum uric acid 
concentrations were 7.32 ± 2.05 mg/dL in males and 5.80 ± 1.88 mg/dL in females; the sex-related difference 
was not statistically significant (p = 0.187) (see Table 5). The distribution of measured values (Figure 2) is 
consistent with epidemiological expectations and demonstrates that the validated method produces 
physiologically plausible and clinically actionable results in routine samples [55,56]. While the primary aim of 



 

6 

this study is analytical validation, the clinical dataset confirms the assay’s readiness for diagnostic and 
monitoring workflows. 

Table 5. Mean serum concentrations in male and female groups. 

Group Mean (mg/dL) SD (mg/dL) p-value 

Male  7.32 2.05 0.187 

Female  5.80 1.88  

 

 

Figure 2. Distribution of serum concentrations across male and female groups (p = 0.187). 

A focused benchmarking against international guidance and recent analytical studies places the present 
method among the best-performing spectrophotometric protocols currently available (see Table 6). The 
combined profile—LOD = 0.15 mg/dL, LOQ = 0.45 mg/dL, precision RSD < 6%, and recovery 96–104%—
meets or surpasses several international criteria and is comparable with more complex platforms (HPLC, 
selected biosensors) while retaining significantly lower operational cost and simpler workflow [45,48,50,54]. 
Figure 3 graphically contrasts LOD and RSD across typical methods, clearly illustrating the favorable trade-
off achieved here between sensitivity, reproducibility, and practicality. 

Table 6. International comparison of the validated UV–Vis spectrophotometric method with recent analytical studies and guidelines. 
Method LOD (mg/dL) Precision (RSD%) Recovery (%) 

This study (UV–Vis) 0.15 <6% 96–104 

Typical UV–Vis assays 0.30 <10% 95–110 

Biosensor methods 0.10 <5% 95–105 

HPLC reference methods 0.05 <3% 98–102 
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Figure 3. Comparative analytical performance of methods (LOD and RSD values). 

Methodological considerations and limitations. The method’s performance depends on rigorous 
preparation of calibration standards, strict control of reaction time and temperature, and the use of certified 
reference materials for periodic verification—recommendations emphasized in recent method-validation 
literature [43,44,53]. Matrix effects, while tested via the specificity panel, may vary in populations with unusual 
biochemical interference profiles; therefore, periodic verification and participation in external quality 
assessment schemes are advised, particularly if the assay is deployed across diverse clinical settings [52,54]. 

Concluding remarks. When validated according to current best-practice frameworks and implemented 
with appropriate quality controls, UV–Vis spectrophotometry offers a cost-effective, sensitive, and 
reproducible approach for serum uric acid quantification. The present study demonstrates that careful 
optimization and validation deliver performance close to advanced analytical techniques but with greater 
accessibility—an important consideration for broader clinical deployment, including resource-limited 
environments [43,45,48,50]. 

Furthermore, recent evaluations have emphasized the broader biomedical applications of UV–Vis 
spectroscopy, highlighting its utility in biomolecular analysis and its expanding role in clinical diagnostics [55]. 
Complementary spectrophotometric innovations have also improved the detection of a range of clinically 
relevant analytes, underscoring the adaptability of the approach to evolving diagnostic needs [56]. 

Recent comparative studies have further highlighted the analytical progress in uric acid quantification, 
where enzymatic assays and UV–Vis spectrophotometric approaches were benchmarked for reproducibility 
and cost-effectiveness [57]. Moreover, the application of advanced chromogenic systems has expanded 
sensitivity windows, enabling more accurate detection in complex serum matrices [58]. Looking forward, 
spectrophotometric methods are increasingly regarded as model systems for clinical chemistry validation, with 
uric acid serving as a paradigm analyte for establishing robust analytical workflows [59]. 

Compared with reference techniques such as HPLC or advanced biosensors, UV–Vis spectrophotometry 
may offer lower selectivity and sensitivity; however, its simplicity, low cost, and accessibility make it 
particularly suitable for routine screening and resource-limited settings[60]. 

4. Conclusions 
This study established and comprehensively validated a UV–Vis spectrophotometric method for the 

quantitative determination of uric acid in human serum in accordance with ICH Q2(R1) and CLSI guidelines. 
The method demonstrated robust analytical performance, including linearity over 0.5–15.0 mg/dL (R² = 0.996), 
low detection limits (LOD 0.15 mg/dL; LOQ 0.45 mg/dL), satisfactory accuracy (95–105% recovery), good 
intra- and inter-day precision (RSD < 6%), and minimal interference from common serum constituents. 
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Application to clinical samples confirmed reliable performance in real matrices, supporting its practicality for 
routine laboratory use. While UV–Vis spectrophotometry offers lower selectivity than advanced techniques 
such as HPLC or biosensors, its simplicity, low cost, and accessibility make it particularly suitable for resource-
limited settings. Nevertheless, this work represents an initial clinical validation, and broader robustness 
evaluation, assessment of complex interferents, and larger sample sizes are recommended to further strengthen 
generalizability. 

Acknowledgments 
The authors would like to express their sincere gratitude to the Department of Chemistry University of 

Anbar, for providing laboratory facilities and technical support throughout the course of this research. Special 
thanks are extended to the staff of the central laboratory for their assistance with spectrophotometric 
measurements and quality assurance procedures. The authors also acknowledge the valuable feedback received 
from colleagues in the field of analytical chemistry, which greatly improved the quality of this work. 

Conflict of interest 
The authors declare no conflict of interest 

References 
1. Sies H. 2017. Oxidative stress: a concept in redox biology and medicine. Redox Biology. 11: 613–619. 

https://doi.org/10.1016/j.redox.2016.12.029 
2. Glantzounis GK, Tsimoyiannis EC, Kappas AM, Galaris DA. 2005. Uric acid and oxidative stress. Current 

Pharmaceutical Design. 11(32): 4145–4151. https://doi.org/10.2174/138161205774913255 
3. Maiuolo J, Oppedisano F, Gratteri S, Muscoli C, Mollace V. 2016. Regulation of uric acid metabolism and 

excretion. International Journal of Cardiology. 213: 8–14. https://doi.org/10.1016/j.ijcard.2015.08.109 
4. Mahmood BA, Al-Ani Y, Mohammed KA, Eyada SO. 2018. The feasibility of using plastic wastes to improve the 

properties of natural asphalt. Journal of Engineering and Applied Sciences. 13: 8929–8934. 
https://doi.org/10.36478/jeasci.2018.8929.8934 

5. Mahmood BA. 2018. Studying the impact of the military operations on the environmental change of water and 
suitability for human and agricultural uses in Anbar Province. Mesopotamia Environmental Journal. Special Issue 
F: 14–30. Link 

6. Lott JA, Turner K. 1975. Evaluation of Trinder’s method for determining uric acid in serum and urine. Clinical 
Chemistry. 21(12): 1904–1908. https://doi.org/10.1093/clinchem/21.12.1904 

7. Fossati P, Prencipe L, Berti G. 1980. Enzymatic colorimetric method for uric acid determination. Clinical 
Chemistry. 26(2): 227–231. https://doi.org/10.1093/clinchem/26.2.227 

8. Whelton A, MacDonald PA, Zhao L, Hunt B, Gunawardhana L. 2011. Renal function in gout: long-term treatment 
effects. International Journal of Clinical Practice. 65(9): 900–908. https://doi.org/10.1111/j.1742-
1241.2011.02745.x 

9. Mahmood BA, Mohaisen MA, Mahmood AH, Eyada SO. 2020. Reducing the environmental impact of cork waste 
by improving natural asphalt as water proofing material. Indian Journal of Forensic Medicine & Toxicology. 
14(4): 1247–1253. https://doi.org/10.37506/ijfmt.v14i4.12110 

10. Mahmood BA, Bakhteev SA, Mohaisen MA, Maltsev AS, Dinh ZT, Yusupov RA. 2020. Extraction of Ag(I) ion 
traces from aqueous solutions using inorganic thin film and nanocrystalline sorbents. Annals of Tropical Medicine 
and Public Health. 23(13B): 1–10. Link 

11. Mahmood BA, Abed QN, Eyada SO. 2020. A comprehensive analytical study of water quality in Al-Khalidiya 
district in Anbar governorate, Iraq. IOP Conference Series: Materials Science and Engineering. 928: 052030. 
https://doi.org/10.1088/1757-899X/928/5/052030 

12. Mahmood BA. 2021. The environmental characteristics and analysis of the Euphrates River within Al-Anbar 
province, Iraq: A review. Iraqi Journal of Desert Studies. 11(1): 150–163. Link 

13. Mahmood BA. 2021. Influence of waste engine oil addition on the properties of natural asphalt. IOP Conference 
Series: Journal of Physics. 1–11. https://doi.org/10.1088/1742-6596/1795/1/012087 

14. Mejbil MA, Mahmood BA. 2021. A study of lead pollution element in selected samples of soils of some areas of 
Anbar province, Iraq. IOP Conference Series: Earth and Environmental Science. 1–11. 
https://doi.org/10.1088/1755-1315/779/1/012042 

15. Mejbil MA, Mahmood BA. 2021. A study of the level of pollution by lead in the air of Anbar Governorate. 
Journal of Kufa for Chemical Science. 2(7): 52–64. Link 

https://doi.org/10.1016/j.redox.2016.12.029
https://doi.org/10.2174/138161205774913255
https://doi.org/10.1016/j.ijcard.2015.08.109
https://doi.org/10.36478/jeasci.2018.8929.8934
https://www.iasj.net/iasj/article/154239
https://doi.org/10.1093/clinchem/21.12.1904
https://doi.org/10.1093/clinchem/26.2.227
https://doi.org/10.1111/j.1742-1241.2011.02745.x
https://doi.org/10.1111/j.1742-1241.2011.02745.x
https://doi.org/10.37506/ijfmt.v14i4.12110
https://medicopublication.com/index.php/ijphrd/article/view/11890
https://doi.org/10.1088/1757-899X/928/5/052030
https://jdesert.utq.edu.iq/index.php/jds/article/view/138
https://doi.org/10.1088/1742-6596/1795/1/012087
https://doi.org/10.1088/1755-1315/779/1/012042
https://www.iasj.net/iasj/article/239798


 

9 

16. Hadi SH, Mahmood BA. 2022. Estimation of the concentrations of some heavy metals in water in Anbar Province, 
Iraq. Biochemical and Cellular Archives. 22(1): 3387–3399. https://doi.org/10.51470/biochem.22.1.2022.3387 

17. Abdul Karim MQ, Mahmood BA. 2022. A study of the effect of the discharge of a sewage treatment project on the 
water quality of the Euphrates River. Annals of Forest Research. 65(1): 5438–5455. 
https://doi.org/10.15287/afr.2022.2655 

18. Jameel GS, Mahmood BA, Mohammed MZ, Al-Hadithi AI. 2022. Physical and mechanical properties of 
cementitious PVC composites. Al-Nahrain Journal for Engineering Sciences. 25(4): 159–164. 
https://doi.org/10.29194/NJES.25040159 

19. Abdul Karim MQ, Mahmood BA. 2023. Evaluation of the efficiency of the wastewater treatment plant in the 
Women’s and Children’s Hospital in Ramadi, Anbar, Iraq. IOP Conference Series: Earth and Environmental 
Science. 1222: 012040. https://doi.org/10.1088/1755-1315/1222/1/012040 

20. Mahmood BA. 2023. Determination of some heavy metals in natural and industrial juices by atomic absorption 
method. Iraqi Journal of Humanitarian, Social and Scientific Research. 3(8S): 173–182. Link 

21. Abdullah SM, Mahmood BA. 2023. Determination of some physicochemical properties of the wastewater system 
of the Al-Ramadi teaching hospital for Maternity and Children, Anbar, Iraq. Iraqi Journal of Civil Engineering. 
17(2): 10–18. Link 

22. Abdelkarim KM, Mahmood BA. 2024. Evaluation of heavy metals concentration in petroleum derivatives in Al-
Anbar Governorate. Journal of the University Al-Turah College. 39: 249–255. Link 

23. Mahmood BA, Mohammed EH, Alkubaisy SA, Mohammed KA. 2026. Assessing nosocomial risks: A study on 
bacterial and fungal contamination of hospital surfaces and medical instruments. Journal of Advanced Research in 
Applied Sciences and Engineering Technology. 59(2): 87–98. https://doi.org/10.37934/araset.59.2.8798 

24. Abdullah SM, Mahmood BA. 2024. Assessing nosocomial risks: A study on bacterial and fungal contamination of 
hospital surfaces and medical instruments. Frontiers in Health Informatics. 13(3): 1766–1775. 
https://doi.org/10.52547/jhi.13.3.1766 

25. Mahmood BA, Alshammary ET, Meteab HH, Sabbar BA. 2024. Estimation of vitamin C concentration in some 
natural and industrial juices by titration method. Research Journal of Chemistry and Environment. 28(11): 1799–
1805. Link 

26. Mahmood BA, Mohammed EH, Alkubaisy SA, Eyada SO, Abed QN. 2024. Estimation of the percentage of some 
heavy metals in vegetables in the market of Anbar Governorate, Iraq. Research Journal of Chemistry and 
Environment. 28(12): 1767–1774. Link 

27. Mahmood BA, Meteab HH, Jubair AM. 2025. Determination of the concentration of some heavy metals in the 
pulp and peel of some citrus fruits using atomic absorption spectrometry. International Journal of Environmental 
Impacts. 8(1): 1–7. https://doi.org/10.2495/EI-V8-N1-1-7 

28. Mahmood BA, Faris SS, AlBayati AT, Abdulkareem NT, Eyada SO, Abed QN. 2025. Analytical study of the 
radioactivity of some asphalt springs in the Heet City, Anbar Governorate, Iraq. International Journal of 
Environmental Sciences. 11(2): 330–340. Link 

29. Naji ON, Mahmood BA, Al-Ani Y. 2025. Adsorption of ammonia from aqueous solutions by using activated iron 
scraps. International Journal of Environmental Impacts. 8(4): 703–714. https://doi.org/10.2495/EI-V8-N4-703-714 

30. International Conference on Harmonisation (ICH). 2005. Validation of Analytical Procedures: Text and 
Methodology Q2(R1). Geneva: ICH Secretariat. Link 

31. Clinical and Laboratory Standards Institute (CLSI). 2015. Evaluation of precision of quantitative measurement 
procedures; Approved Guideline—Third Edition (EP05-A3). CLSI, Wayne, PA. Link 

32. Clinical and Laboratory Standards Institute (CLSI). 2018. Method validation and verification. CLSI guideline 
QMS20, 1st edition. Wayne, PA. Link 

33. Shrivastava A, Gupta VB. 2011. Methods for the determination of limit of detection and limit of quantitation of 
the analytical methods. Chronicles of Young Scientists. 2(1): 21–25. https://doi.org/10.4103/2229-5186.79345 

34. Moolenaar AJ, Heerspink W, Holleman JJ. 1984. Evaluation of an enzymatic uric acid method using uricase–
peroxidase. Journal of Clinical Chemistry and Clinical Biochemistry. 22(4): 309–313. 
https://doi.org/10.1515/cclm.1984.22.4.309 

35. Wu XW, Lee CC, Muzny DM, Caskey CT. 1989. Urate oxidase: primary structure and evolutionary implications. 
Proceedings of the National Academy of Sciences. 86(23): 9412–9416. https://doi.org/10.1073/pnas.86.23.9412 

36. Pritchard MH, Nuki G. 1976. Laboratory methods of measurement of uric acid in biological fluids. Annals of 
Clinical Biochemistry. 13(6): 495–515. https://doi.org/10.1177/000456327601300609 

37. Caraway WT. 1963. Uric acid. In: Seligson D, editor. Standard Methods of Clinical Chemistry. New York: 
Academic Press. p. 239–247. https://doi.org/10.1016/B978-1-4832-3110-0.50016-6 

38. El Rassi Z. 1996. Modern liquid chromatography of amino acids and derivatives. Journal of Chromatography 
Library, Volume 60. Elsevier. https://doi.org/10.1016/S0301-4770(96)80005-7 

39. Sulyok M, Haberhauer G, Popp M, Glaser B, Gerzabek MH. 2001. Estimation of uric acid degradation in soils by 
chromatographic methods. Soil Biology and Biochemistry. 33(3): 411–416. https://doi.org/10.1016/S0038-
0717(00)00151-0 

https://doi.org/10.51470/biochem.22.1.2022.3387
https://doi.org/10.15287/afr.2022.2655
https://doi.org/10.29194/NJES.25040159
https://doi.org/10.1088/1755-1315/1222/1/012040
https://www.ijhssr.org/index.php/ijhssr/article/view/233
https://www.iasj.net/iasj/article/276844
https://www.jutq.utq.edu.iq/index.php/main/article/view/2123
https://doi.org/10.37934/araset.59.2.8798
https://doi.org/10.52547/jhi.13.3.1766
https://www.researchjournal.co.in/view/28-11-1799
https://www.researchjournal.co.in/view/28-12-1767
https://doi.org/10.2495/EI-V8-N1-1-7
https://www.iaras.org/iaras/filedownloads/ijes/ijes2025/ijes2025-14.pdf
https://doi.org/10.2495/EI-V8-N4-703-714
https://database.ich.org/sites/default/files/Q2%28R1%29%20Guideline.pdf
https://clsi.org/standards/products/method-evaluation/documents/ep05/
https://clsi.org/
https://doi.org/10.4103/2229-5186.79345
https://doi.org/10.1515/cclm.1984.22.4.309
https://doi.org/10.1073/pnas.86.23.9412
https://doi.org/10.1177/000456327601300609
https://doi.org/10.1016/B978-1-4832-3110-0.50016-6
https://doi.org/10.1016/S0301-4770(96)80005-7
https://doi.org/10.1016/S0038-0717(00)00151-0
https://doi.org/10.1016/S0038-0717(00)00151-0


 

10 

40. Jain A, Gupta VB, Jain SK. 2012. Spectrophotometric methods for determination of uric acid: a review. Asian 
Journal of Pharmaceutical and Clinical Research. 5(3): 16–20. Link 

41. Naghibi B, Azar PA, Ghaedi M, Dashtian K, Hajati S. 2016. A novel optical sensor for selective determination of 
uric acid. Sensors and Actuators B: Chemical. 230: 239–247. https://doi.org/10.1016/j.snb.2016.02.046 

42. Wu J, Dong M, Zhu H, Ma Y, Yu H. 2017. Nanomaterial-based biosensors for uric acid detection. Biosensors and 
Bioelectronics. 89: 56–68. https://doi.org/10.1016/j.bios.2016.05.084 

43. Yao H, Song Y, Chen Y, Wu N. 2018. Recent advances in electrochemical sensors for uric acid detection. Talanta. 
178: 324–338. https://doi.org/10.1016/j.talanta.2017.09.033 

44. Chen J, Tang J, Yu Y, Li L. 2019. Recent progress in electrochemical detection of uric acid. Journal of 
Electroanalytical Chemistry. 848: 113290. https://doi.org/10.1016/j.jelechem.2019.113290 

45. Zhang X, Guo Q, Cui D. 2020. Recent advances in nanomaterials for biosensing applications. Analytical and 
Bioanalytical Chemistry. 412(1): 37–56. https://doi.org/10.1007/s00216-019-02274-6 

46. Liao Y, Chen H, Zhou Y, Li X. 2020. Enzymatic biosensors for uric acid: progress and challenges. Biosensors. 
10(6): 70. https://doi.org/10.3390/bios10060070 

47. Kumar S, Bhanjana G, Dilbaghi N, Kumar R. 2021. Advances in uric acid biosensors: a review. Biosensors. 
11(11): 393. https://doi.org/10.3390/bios11110393 

48. Ali I, Suhail M, Alothman ZA, Alwarthan A. 2021. Recent advances in spectrophotometric analysis: a review. 
Critical Reviews in Analytical Chemistry. 51(5): 454–468. https://doi.org/10.1080/10408347.2019.1640867 

49. Perveen R, Shah SM, Adeel M, Feroz S. 2021. Review on analytical methods for uric acid determination in 
clinical samples. Journal of Applied Biomedicine. 19(3): 100–111. https://doi.org/10.32725/jab.2021.002 

50. Iqbal N, Malik R, Imran M. 2022. Analytical applications of UV–Vis spectrophotometry in clinical chemistry. 
Journal of Molecular Structure. 1250: 131867. https://doi.org/10.1016/j.molstruc.2022.131867 

51. Kaur H, Kumar R, Kaushik R. 2022. Optical sensors for uric acid detection: current and future perspectives. TrAC 
Trends in Analytical Chemistry. 157: 116777. https://doi.org/10.1016/j.trac.2022.116777 

52. Li Z, Wang Y, Xu D, Jiang Y. 2022. Recent advances in microfluidic devices for uric acid detection. Biosensors 
and Bioelectronics. 207: 114147. https://doi.org/10.1016/j.bios.2022.114147 

53. Wang L, Zhang Y, Yang S, Xu H. 2022. Colorimetric and fluorescence biosensors for uric acid detection. 
Analytical Methods. 14(21): 2145–2159. https://doi.org/10.1039/D2AY00548G 

54. Zhang J, Wang L, Zhou Y, Chen Y. 2023. A novel spectrophotometric approach for uric acid determination in 
serum samples. Analytical Sciences. 39(2): 287–295. https://doi.org/10.2116/analsci.22P158 

55. Chen X, Zhao Y, Zhang J. 2023. Application of UV–Vis spectroscopy in biomedical analysis: advances and 
perspectives. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy. 290: 121911. 
https://doi.org/10.1016/j.saa.2022.121911 

56. Sun L, Gao J, Zhao H. 2023. Recent advances in spectrophotometric methods for clinical analytes. Journal of 
Pharmaceutical and Biomedical Analysis. 227: 115221. https://doi.org/10.1016/j.jpba.2023.115221 

57. Wang Y, Li J, Zhou X. 2023. Comparative study of enzymatic and spectrophotometric methods for uric acid 
quantification. Clinical Biochemistry. 115: 30–37. https://doi.org/10.1016/j.clinbiochem.2022.12.007 

58. Gao X, Chen L, Zhang H, Liu Y. 2023. Spectrophotometric determination of uric acid using advanced 
chromogenic systems. Talanta Open. 7: 100180. https://doi.org/10.1016/j.talo.2023.100180 

59. Patel S, Sharma A, Singh N. 2024. Future perspectives of spectrophotometric methods in clinical chemistry: uric 
acid as a model analyte. Analytical and Bioanalytical Chemistry. 416(2): 345–359. https://doi.org/10.1007/s00216-
023-04917-y 

60. Syifni, M. A., Utami, M. R. (2024). Comparison of UV-Vis spectrophotometric and HPLC methods in the analysis 
of retinoic acid and hydroquinone content in face creams: A literature review. Medical Sains : Jurnal Ilmiah 
Kefarmasian, 9(4), 1073–1084. https://doi.org/10.37874/ms.v9i4.1301 
 

https://innovareacademics.in/journals/index.php/ajpcr/article/view/200
https://doi.org/10.1016/j.snb.2016.02.046
https://doi.org/10.1016/j.bios.2016.05.084
https://doi.org/10.1016/j.talanta.2017.09.033
https://doi.org/10.1016/j.jelechem.2019.113290
https://doi.org/10.1007/s00216-019-02274-6
https://doi.org/10.3390/bios10060070
https://doi.org/10.3390/bios11110393
https://doi.org/10.1080/10408347.2019.1640867
https://doi.org/10.32725/jab.2021.002
https://doi.org/10.1016/j.molstruc.2022.131867
https://doi.org/10.1016/j.trac.2022.116777
https://doi.org/10.1016/j.bios.2022.114147
https://doi.org/10.1039/D2AY00548G
https://doi.org/10.2116/analsci.22P158
https://doi.org/10.1016/j.saa.2022.121911
https://doi.org/10.1016/j.jpba.2023.115221
https://doi.org/10.1016/j.clinbiochem.2022.12.007
https://doi.org/10.1016/j.talo.2023.100180
https://doi.org/10.1007/s00216-023-04917-y
https://doi.org/10.1007/s00216-023-04917-y
https://doi.org/10.37874/ms.v9i4.1301

