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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Hyperuricemia is an objective risk factor of derangement of 

fasting serum glucose and type 2 diabetes (T2D), yet whether 
hyperuricemia has a causative influence on insulin resistance 
is still debatable. In this study, we tested the hypothesis that 
lowering uric acid in hyperuricemic nondiabetic subjects 
might improve insulin resistance. Patients with renal stone and 
hyperuricemia (n=15) were recruited from the private clinic of 
Ib-Sina Local Teaching Hospital in Mosul city and prospectively 
placed on allopurinol (300mg/day) for 6 months. Serum uric 
acid (SUA), fasting serum glucose (FSG), fasting insulin, 
and C-peptide were measured using commercial kits. Results 
confirmed that allopurinol has significantly (P<0.05) reduced 
c-peptide and insulin together with a non-significant (p>0.05) 
reduction of serum glucose levels. In conclusion, allopurinol 
has improved insulin level and glycemic control in a healthy 
individual, these findings could be used as a template for using 
allopurinol in diabetic patients to improve glycemic control or 
future studies could be directed toward structural modification 
of allopurinol which hopefully might lead to innovation of new 
antidiabetic drugs.

Key words. Uric acid, hyperuricemia, allopurinol, insulin, 
c-peptide, glucose.
Introduction.

The human body metabolizes food into various components 
to produce ATP at the end [1]. During this complicated 
processing, various byproducts were formed, some of which 
are harmful, such as uric acid, and need continuous removal 
from the body to avoid its toxicity [2,3]. As a part of our daily 
food, nucleic acids are metabolized to purines, and the latter 
were oxidized to uric acids which will continuously be removed 
through kidney excretion [1]. Failure of removal of uric acid 
might be associated with renal crystals or might proceed to 
a kidney stone. Accumulation in other body compartments 
might jeopardize tissue normal functionality or perturb cellular 
activity; the condition is known as hyperuricemia or gout [2].  

Epidemiological studies have confirmed that hyperuricemia 
is common in the general population and accounts for up to 
10-25% of the overall population; recent reports confirmed a 
higher prevalence rate in the general population due to inactive 
lifestyles. The seriousness of uric acid accumulation lay on 
the idea that hyperuricemia is a stand-alone menace factor for 
metabolic syndrome, diabetes, cardiovascular diseases, renal 
dysfunction, thyroid disorders, and hyperlipidemia [1,2,4]. 
Despite that, controversy exists in this study due to the lack of 
a clear mechanism of association together with the limitation of 
these reports because some of them has linked such correlation 
to the ethnicity/gender differences [5-9].

Various inconclusive studies have been piloted in this area 
to identify the link between diabetes and hyperuricemia. Some 
of these studies concluded that diabetes is inversely associated 
with hyperuricemia [10-14]. Conversely, some others confirmed 
that hyperuricemia positively conjoined with diabetes [15-
18]. Alternatively, the third group of researchers reported no 
association between hyperuricemia and diabetes at all [19,20]. 
The justification become more complicated when the study was 
conducted in health or prediabetes patients because the outcome 
revealed a positive association between hyperuricemia and 
diabetes in such cases and conditions [13,18].

The discrepant results could be explained in the context of 
interindividual variations. A study accomplished on the Chinese 
[21] and British [2] population stated that the diabetic population 
revealed a lower menace for gout development. Similarly, some 
studies have reported an inverse correlation between serum 
glucose level and uric acid levels [10,13,14]. Conversely, some 
other studies reported no correlation between serum glycemic 
control and serum uric acid levels [19,20]. Hence, we hereby 
conducted this research to describe the relationship between 
glycemic control in apparently healthy patients with renal 
stones using allopurinol as a model for modulation of serum 
uric acid level.
Materials and Methods.

The sample enrolled in our study included fifteen patients (9 
male; 6 females; 39.41±3.8 years old) with renal stones treated 
with allopurinol (300 mg/day) for 6 months. All patients were 
informed about their involvement in the study and the consent 
form was signed and recorded. Patients enrolled in the study 
were non-smokers, non-alcoholic, free from all chronic diseases, 
and they were not using any medication except allopurinol. No 
pregnant or lactating mothers have participated in the study.  
Blood withdrawn and serum separated before allopurinol and 
after 6 months of continuous therapy. Collected serum samples 
were frozen until ready for analysis.

Fasting serum glucose was quantified by colorimetric technique 
exploiting using a kit provided by Thermo-Fisher Scientific 
(EIAGLUC). The idea of the test is relied on the oxidation of 
glucose-by-glucose oxidase enzyme piloting to the production of 
equimolar concentration of colorless hydrogen peroxide which 
in the usage of horseradish peroxidase altered to an equimolar 
colored compound to be quantified spectrophotometrically at a 
wavelength of 560 nm. 

Fasting serum glucose was quantified by a colorimetric 
technique, which exploits the use of a kit provided by Thermo-
Fisher Scientific (EIAGLUC). This technique involves the 
oxidation of glucose-by-glucose oxidase enzyme, which leads to 
the production of equimolar concentrations of colorless hydrogen 
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peroxide. The hydrogen peroxide is then used in conjunction 
with horseradish peroxidase to create an equimolar colored 
compound, which can be quantified spectrophotometrically at 
a wavelength of 560 nm. This process is highly accurate and 
provides a precise measurement of fasting serum glucose levels, 
which is essential in the diagnosis and treatment of diabetes. 
The Thermo-Fisher Scientific kit is widely used in clinical 
settings and research laboratories due to its reliability and ease 
of use. Overall, this colorimetric technique is a valuable tool in 
the field of diabetes management and research, and the Thermo-
Fisher Scientific kit has been instrumental in advancing our 
understanding of this disease.

The principle of measurement of insulin was based on 
Sandwich ELISA Technique using a kit supplied by COBAS 
(12017547, Roche) for insulin and (98126) for c-peptide, which 
includes two incubation periods and interaction with the reaction 
mixture, according to manufacturer instructions. Followed by 
aspiration of reaction mixture the chemiluminescent emission 
quantified by a photomultiplier. 

The principle of measurement of insulin is based on the 
Sandwich ELISA Technique, which is a sensitive and 
specific method for detecting and quantifying proteins in 
biological samples. The kit supplied by COBAS (12017547, 
Roche) for insulin and (98126) for c-peptide. The Sandwich 
ELISA Technique involves two antibodies that recognize 
different epitopes on the insulin molecule. The first antibody 
is immobilized on a solid support, such as a microplate, and 
captures the insulin in the sample. The second antibody, which 
is conjugated to an enzyme, binds to a different epitope on the 
insulin molecule and forms a sandwich with the first antibody. 
The enzyme catalyzes a reaction that produces a detectable 

signal, such as chemiluminescence, fluorescence, or color 
change. The COBAS kit for insulin and c-peptide includes 
two incubation periods and interaction with the reaction 
mixture, according to the manufacturer's instructions. The first 
incubation is with the sample containing insulin, which allows 
the insulin to bind to the first antibody on the microplate. The 
second incubation is with the second antibody conjugated to 
the enzyme, which forms a sandwich with the insulin bound to 
the first antibody. The chemiluminescent emission produced by 
the enzyme is quantified by a photomultiplier, which converts 
the light signal to an electrical signal that can be measured and 
recorded. 

The results were outlined and statistically analyzed using 
Prism (GraphPad USA V.6). Data expressed as mean and 
standard deviation. The differences were considered significant 
when p<0.05.
Results.

Following analysis of serum samples using specified kits. 
The results were analyzed and plotted together to show the 
difference. The outcome confirmed that serum uric acid 
has significantly (p<0.05) reduced after allopurinol therapy 
compared to before therapy (Figure 1A). To confirm that the 
renal system is functioning normal albumin was measured and 
the results substantiated non-significant (p>0.05) differences 
between before and after allopurinol therapy. Allopurinol 
has significantly (p<0.05) moderated both c-peptide and 
insulin rivalled to baseline concentration (Figure 1 B and D). 
Despite these changes fasting serum glucose showed a slight 
reduction (p>0.05) after allopurinol use contrasted to baseline 
concentration (Figure 1 C).

Figure 1. Glycemic parameters in the allopurinol-treated patient before and after therapy. *p<0.05 as compared to after allopurinol therapy. 
Ns=non-significant.
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Discussion.
The current study was designed to look at the link across SUA 

and glycemic control parameters levels in non-diabetic subjects. 
The results confirmed that reduction of serum uric acids has 
been associated with a slight reduction of FBS and a significant 
reduction of insulin and c-peptide levels. However, albumin has 
slightly non-significantly elevated. 

Certain investigations have identified a link between diabetes 
and SUA [15-18], however, in a 16-year follow-up study of 
Japanese people, uric acid was found to be unrelated to an 
increase in the chance of T2D [19]. New research in diabetic 
people in India reported no significant connection between SUA 
and FBG [20]. Other research has found an inverse association 
or a reduction in SUA levels in diabetics [21,22]. In different 
studies using male participants only, for example, a negative 
and significant relationship between SUA and FBG has been 
documented [23]. In another survey study, respondents found 
that SUA concentrations were inversely linked with T2D [10]. 
Other research [11-14], has testified no connotation between 
diabetes and SUA, which contrasts the current study findings.

Earlier research may have found some explanations for the 
reported affirmative link between diabetes and SUA. Preceding 
research, for example, related the connection of uric acid and 
diabetes mellitus to demographic groupings and gender, and the 
results were inconsistent. Additionally, these finding are of low 
impact and reliability due to their confounding insults of limited 
data, comprising either male or female participants, aged people, 
or subjects chosen from a subset of the overall population. We 
believe that, in addition to the recognized influencing factors, 
personal dietary choices, lifestyle parameters, genetic traits, 
and exogenous influences may have an impact on the context 
between diabetes and SUA in various demographic groups [5-
9].

The low uric acid content in plasma may be due to the 
uricosuria impact of glucose on uric acid, which may alter uric 
acid excretion and reabsorption from the renal system. In other 
words, glucose may interfere with the process of eliminating uric 
acid from the body [24,25]. The actual mechanism by which uric 
acid is eliminated from the body is unknown [26,27]. However, 
researchers have theorized that 100% of uric acid is filtered in 
the glomerulus to the renal tubules, with approximately 80% 
of the filtration burden recycled back [28]. This means that a 
significant portion of uric acid is recycled back by the proximal 
tubules via urate or anion exchangers and voltage-sensitive urate 
channels. The process of recycling uric acid helps to maintain 
the normal levels of uric acid in the body [29-32]. 

The association at the molecular level could be explained in 
the kinetic context. To explain that there might be a competition 
between uric acid and glucose in the proximal renal tubules 
for reabsorption, because blood glucose and uric acid are both 
reabsorbed at the same location in the kidney, blood sugar levels 
may influence uric acid reabsorption [14,33]. Additionally, renal 
handling of uric acid can be impacted by numerous inorganic 
and organic ions, as well as glucose, resulting in decreased 
reabsorption and increased excretion of uric acid [34,35].

The limitation of our study is based on the small sample size, 
patient diets cannot be controlled, their prediabetes history is 

unclear, nevertheless, this study could give a clear idea about 
the future direction of allopurinol indication in subjects with 
impaired glucose tolerance tests.
Conclusion.

Allopurinol imparts a reduced insulin level in a participant 
without robust glucose level modulation. These effects could 
highlight the effect of allopurinol and structurally could be used 
as a template for the discovery of new antidiabetic drugs.
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