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Abstract: Diabetes mellitus is the most common health disorder and one of the leading causes of death. It is such 

a sort of disorder in which the patients are at all the time on risk of complications. Numerous investigations 

discovered that oxidative stress plays an important role in the development of vascular complications in diabetes 

particularly type 2. There are several chemically induced animal models of type 1 diabetes mellitus. The most 

common chemicals used to generate type 1 diabetes mellitus animals are alloxan and streptozotocin. Alloxan is 

added to food materials, especially to the all-purpose flour (maida) to bring softness and white color to the flour. 

Hence, consuming foodstuffs made from this flour can lead to diabetes mellitus. Measuring the concentration of 

alloxan in the blood of children with type 1 diabetes. 45 volunteers (children 5-15years) in this study. 15 healthy 

and 30 patients with diabetes mellitus (females: 53.0%, and males: 47.0%). Venous blood was taken from the 

elbow vein and transferred as soon as possible into deproteinization solution without any contact with oxygen. 

Average blood levels of alloxan are determined by the Archibald spectrophotometric method. The mean level of 

alloxan between healthy and diabetic groups statistically is insignificant (Median=0.458) and diabetic group 

(Median=0.806). Low-carbohydrate diet low adherence diabetics (46.6%, median=1.91), low- carbohydrate diet 

moderate adherence diabetics (26.6%, median=0.89), low-carbohydrate diet high adherence diabetics (26.6%, 

median=0.1). The findings indicate that the alloxan level is higher in healthy people compared to diabetic 

volunteers whose follow a low-carbohydrate diet, in addition to the reducing of their pastry intake. 

 

Introduction 

Diabetes is the most common health disorder around the world and one of the leading causes of death [1]. The 

World Health Organization indicates that the   number of diabetics increased from 108 million in 1980 to 422 

million in 2014. Currently, the number of diabetics in the world is estimated more than 220 million, and the 

number of deaths will double between 2005 and 2030 [2]. Diabetes mellitus is divided into type 1 and 2 diabetes, 

and other less common forms such as maturity-onset diabetes of the young [3], genetic defects in insulin action, 

and the antagonism of growth hormone as gestational diabetes mellitus [4]. There are several chemically induced 

animal models of type 1 diabetes. One of the most common chemicals used to generate type 1 diabetes animals 

Copyright© 2025. This open-access article is distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

https://orcid.org/0009-0006-6009-7643
mailto:A.Jebril@uot.edu.ly
mailto:O.rbeida@uot.edu.ly
mailto:H.younis@uot.edu.ly
http://creativecommons.org/licenses/by/4.0/


Mediterranean Journal of                                                                                                                                                        

Pharmacy & Pharmaceutical Sciences                                                                                                                ISSN: 2789-1895 online 

         www.medjpps.com                                                                                                                                       ISSN: 2958-3101 print 

   

Jebril et al. (2025) Mediterr J Pharm Pharm Sci. 5 (2): 1-7.                                                                                                                        2 

is alloxan [5]. Alloxan is a well-known and universally used agent for evoking experimental diabetes through its 

toxic effect on the B cells of the Langerhans islets. which can subsequently lead to hyperglycemia within a few 

days [6]. The dose required to induce diabetes with these chemicals depends on the animal species, route of 

administration, and nutritional status [5]. 

Alloxan (2,4,5,6-tetraoxypyrimidine;2,4,5,6-pyrimidinetetrone is oxygenated pyrimidine derivative which is 

present as alloxan hydrate in aqueous solution [7]. It is an acidic compound formed by oxidation of uric acid. 

Currently, alloxan is added to food materials, especially to the all-purpose flour (maida) to bring softness and 

white color to the flour [8]. Hence, consuming foodstuffs made from this flour can lead to diabetes, because 

alloxan tampers with the pancreas and aggravates already existing diabetes or increases the risk of developing 

diabetes a, making it imperative to develop an accurate estimation of alloxan in food items by voltametric-based 

technique [9]. 

Alloxan is a toxic glucose analogue (in the shape and hydrophilicity), which selectively destroys insulin-

producing β-cells in the pancreas when administered to rodents and many other animal species. This causes an 

insulin-dependent diabetes mellitus called alloxan diabetes in these animals, with characteristics similar to type 1 

diabetes in humans [10, 11]. The toxic effect of alloxan on pancreatic beta cells includes oxidation of basic 

sulfhydryl (-SH) groups (because it is a weak acid) of intracellular thiols and, as a result, reduction of glutathione 

content, redox reactions that generate reactive oxygen species (ROS), diauric acid, and inhibition of glucokinase, 

a protein containing SH is necessary for glucose-induced insulin secretion and disturbances in intracellular 

calcium homeostasis, Figure 1, [11, 13]. Thus, this study aimed to evaluate and measure the alloxan concentration 

in blood samples of Libyan children with type 1 diabetes. 

                                

 

 

Materials and methods 

Volunteers: 45 healthy Libyan children ages between 5-15 years (10.0±5.0 years) in this study. 15 healthy and 30 

patients with diabetes mellitus (females: 53.0%, males: 47.0%). The samples collected between (July-November, 

2024) from Tripoli Medical Hospital, Tripoli-Libya. Volunteers with a history of systemic diseases such as 

thyroid disorder and kidney were excluded. The children under study with insulin-dependent diabetes mellitus is 

treating with insulin at doses in the range (4-24 U/kg body-weight). 

Figure 2:  Mechanism of action of alloxan monohydrate in beta cells 

https://en.wikipedia.org/wiki/Glucose
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Sample collection: Diagnostic samples with diabetes mellitus were gathered from the endocrinology department 

of Tripoli Medical Hospital, in the other hand, healthy samples from relatives. The questionnaire was filled out 

by volunteers (healthy and diabetic), and blood sample was collected in glass tubes from each volunteer.  

Sample analysis: Venous blood was taken from the elbow vein and transferred immediately into deproteinization 

solution avoiding any contact with oxygen. The concentration of alloxan in blood samples determined by 

Archibald spectrophotometric method [14]. 

 

Statistical analysis: All statistical analysis was done using IBM SPSS Version 21 program. Mean±S.D and median 

of data was calculated using descriptive analysis. A comparative analysis between groups was done by using 

Mann-Whitney U-test. Differences are considered statistically significant at р<0.05. 

 

Results  

The determination of endogenous alloxan content in blood of healthy donors it was stabilized by rapid lowering 

pH=2.0. Alloxan was then allowed to form a colored product in a reaction with (o-phenylenediamine) and its 

content was measured by spectrophotometry using an internal calibration curve. Analysis of 75 blood samples of 

healthy volunteers has shown that in most donors alloxan concentrations vary from 41 to 265 µmol/L. However, 

in a small group of healthy people alloxan levels greatly exceeded the above-mentioned limit [15]. In the current 

study, alloxan was estimated in the blood of children with type 1 diabetes using the spectrophotometric method, 

using an internal calibration curve (y=0.0001x-0.0006, R2=0.9949). The 45 volunteers were divided into healthy 

volunteers (n=15) and diabetic patients (n=30). 

Alloxan concentration in blood samples of children with diabetes mellitus and healthy: The study evaluated the 

alloxan concentration in 15 healthy, 30 diabetic patients. Overall results are summarized in Figures 3 and 4. The 

result showed a highly variation of alloxan level between patient (0.36-6.126 mg/ml) and healthy volunteers 

(0.036-1.726 mg/ml) in blood, statistically with high significant (p<0.05). 

 

   

          

  Figure 3: Alloxan level in healthy subjects                               Figure 4: Alloxan level in patient subjects                                            

According to the questionnaire of diabetes mellitus children, the volunteers divided into three groups based on 

diet care Table 1. 

8

10

4 4

1 0 1 2

0.1 0.5 1 2 3 4 5 6

N
u

m
b

e
r 

o
f 

su
b

je
ct

s

Alloxan concentraction (mg/ml)

Alloxan level in Patients

5

3

4

1

2

0.1 0.5 1 1.5 2

N
u

m
b

e
r 

o
f 

su
b

je
ct

s

Aoxllan concentraction (mgml)

Alloxan level in healthy subjects



Mediterranean Journal of                                                                                                                                                        

Pharmacy & Pharmaceutical Sciences                                                                                                                ISSN: 2789-1895 online 

         www.medjpps.com                                                                                                                                       ISSN: 2958-3101 print 

   

Jebril et al. (2025) Mediterr J Pharm Pharm Sci. 5 (2): 1-7.                                                                                                                        4 

Table 1: The divided groups of diabetes mellitus children based on diet care 

 

Healthy and low, mediate and high carbohydrate diet low adherence of children with diabetes: The alloxan 

concentration of healthy group is (0.66-1.725 mg/ml, median=0.458) versus to the low c carbohydrate arb diet 

low adherence was (0.326-6.236 mg/ml) in blood samples with median=1.91, statistically showed difference of 

significant. For low carbohydrate diet high adherence was (0.036-0.556 mg/ml) with median=0.101, either low 

carbohydrate diet high adherence with significant. In contrast, low carbohydrate diet moderate adherence (0.076-

2.406 mg/ml of alloxan concentrations) showed insignificant in comparing with healthy subjects Table 2. 

 

Table 2: Median of healthy and low-carbohydrate diet low adherence diabetics group 

 

 

 

 

 
 

Alloxan level in low carbohydrate diet high adherence lower than in healthy individuals. This, in turn, may affect 

their health in terms of excessive obesity and increased formation of ROS in large quantities within the body, 

which affects the functioning of the pancreas, and the condition may worsen to the diabetes development. 

 

 

 

 

  

 

 

 

 

 

Figure 5: Median alloxan concentration levels in different groups 

No.  Group      Frequency Total D.M. patient under study 

1 Low-carb diet low adherence diabetics group  14 46.6% 

2 Low-carb diet moderate adherence diabetics 8 26.6% 

3 low-carb diet high adherence diabetics 8 26.6% 

Group Frequency Median (MD)  

Healthy group  15 0.458 

Low-carbohydrate diet low adherence diabetics group  14 1.91 

Low-carbohydrate diet moderate adherence diabetics 8 0.89 

low-carbohydrate diet high adherence diabetics 8 0.101 
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In Figuer 5, the groups with diabetes mellitus of carbohydrate diet- between low and high adherence showed 

highly significant of alloxan level in the blood, with lowest value in low-carbohydrate diet-high adherence group 

(0.10 mg/ml) with a clear difference, statistically significant (P<0.001). As illustrated in Figure 5, the differncy 

of alloxan level in blood between carbohydrate diet-moderate and high adherence with a difference statistically 

highly significant of alloxan level in blood, with lowest value (under 90.0%) in high-carbohydrate diet-high 

adherence group (0.10 mg/ml). In the other side, there is no significant of alloxan level in blood samples between 

carbohydrate diet-moderate and low adherence groups. 

 

Discussion 

Patients with type 1 diabetes mellitus experience high fluctuations in the blood glucose levels and difficulties in 

achieving glycemic goals (glycated hemoglobin ≥7.0% or ≥353 mmol/mol), which increases risk of developing 

many acute and chronic health complications including cardiovascular disease [16-19]. Dietary carbohydrates 

significantly affect postprandial blood glucose levels, and the National Health and Medical Research Council 

recommends that individuals with type 1 diabetes follow a low-carbohydrate diet (HC: 45.0-65.0% of total energy 

intake) [20]. Understanding the mechanism of action of typical diabetogenic agents is important for elucidating 

the causes of diabetes. The discovery that alloxan present in humans blood led us to evaluate the level of alloxan 

in blood from patients with insulin-dependent diabetes. In previous studies to estimate alloxan in the blood of 

people with diabetes, especially children with Type 1, it was estimated spectrophotometrically in 68 children aged 

6-15 years and in a control group of 44 healthy children in the same age range. The mean level of alloxan in blood 

from children with insulin-dependent diabetes mellitus was 8.76±9.64 µg/ml and in blood from healthy children 

was 1.53± ~ .10 µg/ml [21]. Alloxan levels in a diabetic group with moderate adherence to a low-carbohydrate 

diet comparing them with alloxan levels in healthy subjects, the test revealed a non-significant difference in 

alloxan levels. On the other hand, by comparing the levels of alloxan in the group of healthy volunteers and the 

group of diabetics following a low-carbohydrate diet, the test revealed a significant difference of alloxan levels, 

Figure 5. Alloxan is sometimes used in the manufacture of dyes, but its main use is to induce diabetes in 

laboratory rodents. Fortunately, alloxan it has toxicity to the liver and kidneys, and leads to acute tubulointerstitial 

nephritis, which subsequently leads to nephrotoxicity [22]. Renal and hepatic toxicity resulting from alloxan will 

generate a ROS when these bodies accumulate ROS, it will lead to cell damage, and these cells may be pancreatic 

cells, especially beta cells, and recently lead to their death, the occurrence of diabetes, and the development of 

complications. The determination of alloxan in the blood is not limited only to diabetic volunteers, but even to 

healthy volunteers, because alloxan enters the body through the consumption of bleached flour used in pastries. 

The results showed that the concentration of alloxan was higher in healthy people compared to diabetic volunteers 

who follow a low-carbohydrate diet, they reducing their consumption of pastries as much as possible. Previous 

study showed that high concentrations of alloxan can appear in healthy volunteers who do not suffer from type 1 

diabetes mellitus [21].   

 

Conclusion: Healthy children with high alloxan blood level must be receiving medical attention. Children with 

diabetes should follow a low-carbohydrate diet to be prevented from development of complications. 

 

References 

 

1. Knight JA (2000) Review: Free radicals, antioxidants, and the immune system. Annals of Clinical and Laboratory 

Science. 30 (2): 145-158. PMID: 10807157. 



Mediterranean Journal of                                                                                                                                                        

Pharmacy & Pharmaceutical Sciences                                                                                                                ISSN: 2789-1895 online 

         www.medjpps.com                                                                                                                                       ISSN: 2958-3101 print 

   

Jebril et al. (2025) Mediterr J Pharm Pharm Sci. 5 (2): 1-7.                                                                                                                        6 

2. Asgar Md (2013) Anti-diabetic potential of phenolic compounds: A review. International Journal of Food 

Properties. 16 (1): 91-103. doi: 10.1080/10942912.2011.595864 

3. Bansal V, Gassenhuber J, Phillips T, Oliveira G, Harbaugh R, Villarasa N, Topol EJ, Seufferlein T, Boehm BO 

(2017) Spectrum of mutations in monogenic diabetes genes identified from high-throughput DNA sequencing of 

6888 individuals. BMC Medicine. 15 (1): 213. doi: 10.1186/s12916-017-0977-3 

4. Expert Committee on the Diagnosis and Classification of Diabetes Mellitus (2003) Report of the expert committee 

on the diagnosis and classification of diabetes mellitus. Diabetes Care. 24 (1): S5-S20.  doi: 10.2337/diacare. 

26.2007.s5 

5. Federiuk IF, Casey HM, Quinn MJ, Wood MD, Ward KW (2004) Induction of type-1 diabetes mellitus in laboratory 

rats by use of alloxan: route of administration, pitfalls, and insulin treatment. Comparative Medicine. 54 (3): 252-

257. PMID: 15253270. 

6. King A, Bowe J (2016) Animal models for diabetes: Understanding the pathogenesis and finding new 

treatments. Biochemical Pharmacology. 99: 1-10. doi: 10.1016/j.bcp.2015.08.108 

7. Rohilla A, Ali S (2012) Alloxan induced diabetes: Mechanisms and effects. International Journal of Research in 

Pharmaceutical and Biomedical Sciences. 3 (2): 819-823. Corpus ID: 97558866. 

8. Mallappa A, Merke DP (2022) Management challenges and therapeutic advances in congenital adrenal hyperplasia. 

Nature Reviews. Endocrinology. 18 (6): 337-352. doi: 10.1038/s41574-022-00655-w 

9. Vieira R, Souto EB, Sánchez-López E, Machado A, Severino P, Jose S, Santini A, Silva A, Fortuna A, García M, 

Souto EB (2019) Sugar-lowering drugs for type 2 diabetes mellitus and metabolic syndrome-strategies for in vivo 

administration: Part-II. Journal of Clinical Medicine. 8 (9): 1332. doi: 10.3390/jcm8091332 

10. Dunn JS, McLetchie NG (1943) Experimental alloxan diabetes in the rat. The Lancet. 242 (6265): 384-387. doi: 

10.1016/S0140-6736(00)87397-3 

11. Gomori G, Goldner MG (1945) Acute nature of alloxan damage. Experimental Biology and Medicine. 58 (3): 232-

233. doi: 10.3181/00379727-58-149 

12. Dhanesha N, Joharapurkar A, Shah G, Dhote V, Kshirsagar S, Bahekar R, Jain M (2012) Exendin-4 ameliorates 

diabetic symptoms through activation of glucokinase. Journal of Diabetes. 4 (4): 369-377. doi: 10.1111/j.1753-

0407.2012.00193.x 

13. Szkudelski T (2001) The mechanism of alloxan and streptozotocin action in B cells of the rat 

pancreas. Physiological Research. 50 (6): 536-546. PMID: 11829314. 

14. Raghavamenon AC, Dupard-Julien CL, Kandlakunta B, Uppu RM (2009) Determination of alloxan by fluorometric 

high-performance liquid chromatography. Toxicology Mechanisms and Methods.19 (8): 498-502. doi: 10.3109/ 

15376510903334862 

15. Korzhenevskiy DA, Selischeva AA, Saveliev SV (2009) Measurement of endogenous alloxan in human blood. 

Biomeditsinskaia Khimiia. 55 (3): 343-349. PMID: 19663007. 

16. DiMeglio LA, Evans-Molina C, Oram RA (2018) Type 1 diabetes. Lancet (London, England). 391 (10138): 2449-

2462. doi: 10.1016/S0140-6736(18)31320-5 

17. DiMeglio LA, Acerini CL, Codner E, Craig ME, Hofer SE, Pillay K, Maahs DM (2018) ISPAD Clinical Practice 

Consensus Guidelines 2018: Glycemic control targets and glucose monitoring for children, adolescents, and young 

adults with diabetes. Pediatric Diabetes. Suppl 27: 105-114. doi: 10.1111/pedi.12737 

18. Elmiladi SA, Elgdhafi EO (2023) Prevalence of cardiovascular risk factors in Libyan patients with type 2 diabetes 

mellitus. Mediterranean Journal of Pharmacy and Pharmaceutical Sciences. 3 (2): 27-33. doi: 10.5281/zenodo. 

7877416 

19. Elmiladi SA (2022) Presentation and character for adult patients with diabetes in Libya. Mediterranean Journal of 

Pharmacy and Pharmaceutical Sciences. 2 (1): 79-86. doi: 10.5281/zenodo.6399891 
20. National Health and Medical Research Council (2011) A modelling system to inform the revision of the Australian 

Guide to Healthy Eating. Commonwealth of Australia. Canberra, Australia, ISBN: 1864965398. 

21. Mrozikiewicz A, Kielstrokczewska-Mrozikiewicz D, Lstrokowicki Z, Chmara E, Korzeniowska K, Mrozikiewicz 

PM (1994) Blood levels of alloxan in children with insulin-dependent diabetes mellitus. Acta Diabetologica. 31 (4): 

236-237. doi: 10.1007/BF00571958 

22. Zhang L, Terayama Y, Nishimoto T, Kodama Y, Ozaki K (2016) Acute alloxan toxicity causes granulomatous 

tubulointerstitial nephritis with severe mineralization. Journal of Toxicologic Pathology. 29 (4): 261-264. doi: 

10.1293/tox.2016-0017 

 

https://doi.org/10.3181/00379727-58-14907


Mediterranean Journal of                                                                                                                                                        

Pharmacy & Pharmaceutical Sciences                                                                                                                ISSN: 2789-1895 online 

         www.medjpps.com                                                                                                                                       ISSN: 2958-3101 print 

   

Jebril et al. (2025) Mediterr J Pharm Pharm Sci. 5 (2): 1-7.                                                                                                                        7 

 

 

Acknowledgments: The authors thank all the patients who participated in this study.  

Author contribution: AOJ conceived, and designed the study, and contributed to analysis data tools. HMY collected data. AOJ & 

HMY performed data analysis and to data interpretation. All authors drafted and reviewed the manuscript for important intellectual 

context. All authors approved the final version of the manuscript and agreed to be accountable for its contents. 

Conflict of interest: The authors declare the absence of any commercial or financial relationships that could be construed as a 

potential conflict of interest. 

Ethical issues: The authors completely observed ethical issues including plagiarism, informed consent, data fabrication or 

falsification, and double publication or submission. 

Data availability statement: The raw data that support the findings of this article are available from the corresponding author upon 

reasonable request. 

Author declarations: The authors confirm that they have followed all relevant ethical guidelines and obtained any necessary IRB 

and/or ethics committee approvals. 

 

 

 


