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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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EFFECT OF RELIGIOUS FASTING ON THE SERUM LEVEL OF PRE-HAPTOGLOBIN-2 
AND SOME OTHER BIOCHEMICALS
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Abstract.
Background and objectives: During the month of Ramadan, 

which falls on the ninth month of the Hijri Calendar, Muslims 
are obligated to observe religious fasting. The goal of the 
study was to examine the impact of fasting on various blood 
parameters, specifically zinc, magnesium, pre-haptoglobin-2, 
serum copper, total cholesterol, and HDL-cholesterol levels.

Methods: In a study, a group of volunteers consisting of 20 
men and 10 women agreed to partake in the fast, abstaining from 
food and drink for approximately 14-15 hours each day. The 
researchers collected two blood samples from each participant, 
one before the start of Ramadan fasting and another after 29 
days of fasting, serum was separated and analysed for specified 
parameters.

Results: Serum zinc levels showed a significant (p<0.05) 
decrease after fasting. On the other hand, serum magnesium 
levels exhibited a significant (p<0.05) increase, Regarding pre-
haptoglobin-2, there was a small, insignificant increase observed 
after 29 days of fasting. However, the study did not identify any 
significant changes in serum copper, total cholesterol, or HDL-
cholesterol levels. Based on these findings, the study concludes 
that Ramadan fasting may necessitate zinc supplementation or 
an increase in the consumption of zinc-rich foods. Furthermore, 
it suggests a decrease in the intake of high-fat foods. These 
recommendations aim to counteract the observed decrease in 
serum zinc levels during fasting.

Key words. Fasting, Religion, Zinc, Magnesium, Pre-
haptoglobin-2, Zonulin.
Introduction.

Religious fasting of the Ramadan month is obligatory for 
Muslim people around the world. This month is the ninth month 
in the Islamic Hijri calendar, so may occur in a different season 
each year [1-3]. Religious fasting of Ramadan in this study was 
from 23 March to 20 April of 2023, fasting hours were 14 to 15 
each day.

Different studies reported the beneficial fasting effect of 
Ramadan on GIT hormone and gut microbiota [1-4]. Pre-
haptoglobin-2 or called zonulin, when increased cause loosing of 
tight junction in intestinal mucosa and hence increase intestinal 
permeability [5], on the other hand, a change of intestinal 
microbiota and an increase of pathogenic bacteria leads to an 
increase in this protein [6]

Zinc an important trace element for insulin activity [7], 
immunity and neurological function [8,9] has been reported 
to affect intestinal integrity [10], and microbiota diversity [11] 
and has an indirect correlation with pre-haptoglobin-2 (zonulin) 
protein [12]. On the other hand, copper an important metal 
for neurotransmitter synthesis, mitochondrial respiration, and 

cytosolic redox reactions [13,14], may compete with zinc for 
intestinal absorption, hence increasing zinc intake decreases 
copper absorption and vice versa [15]. While magnesium 
element is used as a cofactor for enzymes responsible for 
glucose and lipid metabolism [16]. The increase in magnesium 
level leads to an increase in insulin sensitivity and a decrease in 
serum total cholesterol [17,18].

Concerning serum lipid profile, there are different studies find 
the effect of Ramadan religious fasting on these parameters, 
but their results were contradicted [7,19-21]. However, this is 
the first study aimed to find the effect of Ramadan fasting on 
intestinal permeability and level of zonulin (Pre-haptoglobin-2) 
and some trace elements (zinc, magnesium, and copper) which 
may be affected by intestinal function as well as total cholesterol 
and HDL-cholesterol serum levels. 
Materials and Methods.

A total of 30 healthy volunteers (10 women and 20 men) 
were enrolled in this study, their ages between 20 to 34 years, 
while their body mass was between 20.6-36.4. They have no 
documented chronic health problems (apparently healthy), and 
they were not on any drugs or dietary supplements. They agree 
to provide us with blood samples before starting Ramadan 
month by one to two days as the first blood sample, the second 
blood sample was on the 29 days of Ramadan month.

The blood after collection was centrifuged and the serum 
was divided into two parts, by plain tubes. One plain tube for 
each volunteer was stored at- 20ºc for later measuring of pre-
haptoglobin-2 protein (Zonulin), and the second plain tube of 
serum for each volunteer was used immediately for determination 
of serum zinc, copper, magnesium, total cholesterol, and HDL 
cholesterol.

Serum copper is determined by colorimetric method with Di_
Br_PAESA method by kit manufactured by LTA (Italy). Serum 
Magnesium is determined by Fuji Film dry chemistry analyzer 
by using the kit (Fuji-Dri-Chem Slide Mg-P III) Fuji Film 
corporation (Japan). Serum zinc is determined colormetrically 
using the kit Supplied by Camp  Medica (Romania). HDL-
cholesterol and serum total cholesterol were determined 
colormetrically by direct method using kit supplied from 
BIOLABO (France).  

Serum samples that have been stored at -20ºC, after end of 
Ramadan month have been determined by ELISA technique 
using ELISA kit for determination of zonulin(pre-haptolobin-2). 
The kit supplied by biont company catalo NO: YLA1319U. 
Human zonulin ELISA Kit. 

Statistical analysis was made by SPSS 23- 2015 version, using 
paired t-test and Wilcoxon matched pair signed rank test. The 
graphs are determined by Excel Program.
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al. [19], who showed that HDL-c is significantly increased in 
men and women after the end of a month of fasting, while our 
result agrees with Urooj et al in that total serum cholesterol is 
not significantly changed. Also, our result does not agree with 
Zare A et al. [22], who showed a significant decrease in total 
serum cholesterol and a significant increase in HDL-c, after 25 
days of Ramadan fasting.

Our study is in agreement with Khan et al., concerning total 
serum cholesterol, but HDL-c in Khan et al. study showed a 
significant increase [20]. However, their study was conducted 
in Pakistan and their type of food during Ramadan may be 
different from our Ramadan traditional food in Iraq. On the 
other hand, our result agrees with the result of another study 
conducted in Erbil-Iraq [23] concerning total serum cholesterol, 
but HDL-c in their study again showed a significant increase, 
the difference in HDL-c change may be attributed to that most 
of their volunteers were from teaching staff of Salahaddin 
University and they are aware of a healthy diet. On the other 
hand, Celik A et al. [24] showed an increase in cholesterol 
after the end of Ramadan fasting, while AL-Hourani HM [21] 
showed a significant decrease in HDL-c after Ramadan fasting. 

The contradicted results of different studies concerning total 
cholesterol and HDL-c may be attributed to the type of traditional 
Ramadan food that are different in different countries. Most of 
our traditional food during Ramadan depends on a high-fat diet 
and a high-caloric diet.

Another explanation of decrease HDL-c and increase total 
cholesterol though insignificant, is the associated significant 
decrease in serum zinc level after a month of fasting. It has 
been reported that an increase in serum zinc is associated with 
a decrease in serum cholesterol and an increase in HDL-c [25].

Concerning magnesium, its serum level showed a small 
significant increase after 29 days of fasting at a p-value of 
0.02. The two measurements before and after fasting were 
within normal range. This increment may be related to the 

Results.
The mean±SD of both age and BMI for all volunteers were 

26.11±6.16 and 28.03±4.49, respectively. The impact of 
Ramadan fasting on various biochemical markers in the body 
has been a subject of interest for researchers and healthcare 
professionals. This study focused on the changes in zinc and 
magnesium serum levels after 29 days of Ramadan fasting. The 
findings revealed a significant decrease in zinc serum levels 
while observing a significant increase in serum magnesium 
levels, as determined by paired t-test analysis. These results 
shed light on the potential alterations in mineral homeostasis 
during prolonged fasting. On the other hand, the significant 
increase in serum magnesium levels suggests an adaptive 
response to maintain magnesium homeostasis during fasting. 
The observed changes in zinc and magnesium serum levels 
emphasize the importance of monitoring and understanding the 
effects of Ramadan fasting on micronutrient status (Figure 1).
Discussion.

Various studies discussed the effect of religious fasting during 
Ramadan on body metabolism and other related parameters. As 
millions of Muslim people around the world have to fast each 
day this month for several hours from sunrise to sunset. In this 
study, fasting hours were between 14-15 hours.

This study revealed that only zinc and magnesium serum levels 
showed significant changes after Ramadan fasting according to 
paired t-test, also pre-haptoglobin-2 (zonulin) showed a small 
insignificant increase in its level from the level before starting 
of Ramadan, and the two measurements are directly correlated, 
also pre-haptoglobin-2 level before fasting is directly correlated 
with the body mass index. The other parameters showed slight 
changes, but they are insignificant. 

Total serum cholesterol showed a small insignificant increase 
after Ramadan fasting, while HDL-c showed an insignificant 
slight decrease. Our result is not in agreement with Urooj A et 

Figure 1. Ramadan fasting has reduced serum zinc and increased serum magnesium levels with no effects on serum copper, cholesterol, HDL, and 
pre-haptoglobin-2. Data expressed as mean±SD, *P<0.05 using paired t-test.
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increased intake of magnesium-containing food during 
Ramadan, especially since a study completed in Lebanon 
in 2020 revealed that magnesium intake during Ramadan is 
higher than magnesium intake from regular food intake daily 
in months other than Ramadan [26]. On the other hand, another 
study conducted in Tehran showed that magnesium intake with 
food during Ramadan is less than its intake on other days [27]. 
also, a study about food intake during Ramadan in Qatar (may-
June 2019) revealed that calcium intake is increased during 
Ramadan than in other months [28], which means a decrease 
in magnesium intake during Ramadan because low magnesium 
intake is usually coupled with high calcium intake, as they 
compete on the same absorption site [29].

Another explanation for a slightly significant increase in 
serum magnesium is the movement of magnesium from inside 
to outside the cell due to lower insulin levels during Ramadan 
fasting because of fasting for 15 hours, while higher insulin 
levels on non-fasting days direct magnesium to the entrance 
inside the cell [30].

Zinc is decreased upon 29 days of fasting at a p-value of 
0.0001, this result is not in agreement with Mrad S et al. [31] who 
conduct their study in Tunisia, their volunteers were of chronic 
obstructive pulmonary disease male and found no significant 
changes in serum zinc before after Ramadan fasting. Our 
result may be attributed to lower zinc intake during Ramadan.  
However, according to a study by Sajjadi et al. [27], who found 
that zinc intake during Ramadan fasting is not significantly 
changed from before Ramadan and from the recommended daily 
allowance [27]. On the other hand, a study conducted in Erbil-
Iraq in 2016 showed a significant decrease in vitamin D levels 
after fasting during Ramadan which may explain the decrease of 
zinc in our study [23], because vitamin D is important to induce 
zinc transporters [32] so that decrease of zinc is attributed to 
decrease in vitamin D level. Another study showed that zinc 
level in serum is not related to the amount of zinc intake but is 
usually related to protein metabolism and inflammation [33]. it 
has been reported that fasting increase the activity of antioxidant 
enzyme such as superoxide dismutase that requires zinc for 
activation [34] also, fasting in human induce growth hormone 
secretion which requires zinc for its signalling and binding 
with growth hormone receptors [35,36]. so, the suggestion of 
a decrease in zinc level after 29 days of fasting may be related 
to a decrease in zinc absorption due to a decrease in vitamin D 
level, or due to an increase in body utilization of zinc during 
fasting due to the up-regulation of antioxidant system or other 
metabolic process in the body.

Serum copper level is decreased after 29 days of fasting, but 
the decrease is insignificant. According to Sajjadi et al. [27], 
copper dietary intake during Ramadan fasting is significantly 
lesser than the mean standard diet. Copper is absorbed from 
the stomach and duodenum by special transporting protein, 
and after absorption goes to the liver (higher copper content is 
in the liver). The copper is then transported to the circulation 
as a bound form with ceruloplasmin [37]. The most important 
cause of copper deficiency is bariatric surgery [38] which takes 
several years before the copper body store is depleted [39]. 
therefore, in this study, the amount of copper is not altered 
significantly, although of a possible decrease in copper intake 

during Ramadan fasting, because the amount of copper stored in 
the liver can replenish any decrease in copper intake.

Concerning pre-haptoglobin-2 (zonulin), there is a direct 
correlation between BMI and pre-haptoglobin-2 before fasting. 
The increase in haptoglobin-2 level may be attributed to a 
decrease in zinc concentration, as low zinc level is associated 
with an increase in oxidative stress and zinc deficiency is reported 
to be associated with diarrhoea due to an increase of intestinal 
permeability [12,40,41]. The possible increase in fat diet content 
may also explain the increase of serum pre-haptoglobin-2 
(zonulin) because a high-fat diet can change bacterial flora 
composition and decrease the quantity and quality of intestinal 
mucosa and increase loosing of tight junction [42]. Another 
study found that high fat, protein, and sodium-containing diet 
have a direct correlation with zonulin concentration [43,44]. 
However, in our study, we did not find a direct correlation 
between total cholesterol and serum pre-haptoglobin-2, but we 
found a direct correlation between pre-haptoglobin-2 with body 
mass index, the same result is detected by other studies [43,45]. 
On the other hand, another study reported that glucagon level 
is correlated with prehaptoglobin2 [44], which may explain 
the increase of zonulin in our study after 29 days of fasting, as 
glucagon tends to increase in the fasting state.

The result of this study may explain the flare-up of GIT problems 
during Ramadan fasting in patients with gastrointestinal 
problems [46,12], but not in healthy individuals. However, 
the condition of increased pre-haptoglobin-2 and decreased 
zinc during Ramadan fasting may be treated by intake of zinc 
supplements, prebiotic and probiotic supplements [47] with a 
decrease in high-fat diet.
Conclusion.

Ramadan fasting, a month-long religious observance practised 
by Muslims worldwide, brings about certain dietary changes 
and considerations. One such consideration is the requirement 
for zinc supplementation or an increase in the consumption of 
foods containing zinc. Zinc is an essential mineral that plays 
a crucial role in various physiological processes within the 
body. During the fasting period, individuals may experience a 
decrease in zinc levels due to reduced intake or altered eating 
patterns. Therefore, it becomes necessary to ensure an adequate 
intake of this mineral to maintain optimal health. Zinc is 
involved in immune function, wound healing, and cell division, 
making it vital for overall well-being. To meet the increased 
zinc requirement during Ramadan fasting, individuals can 
suggest zinc supplementation under the guidance of healthcare 
professionals or choose to consume foods rich in zinc. Some 
excellent dietary sources of zinc include lean meats, seafood, 
legumes, nuts, seeds, and whole grains. In addition to zinc, 
another dietary consideration during Ramadan fasting is the 
decrease in the intake of high-fat foods. Fasting during Ramadan 
often involves abstaining from food and drink from dawn until 
sunset, which can impact one's eating habits. It is common for 
individuals to consume more calorie-dense and high-fat foods 
during non-fasting hours to compensate for the fasting period. 
However, excessive consumption of high-fat foods can lead to 
weight gain and negatively impact overall health. Therefore, it 
is advisable to choose a balanced diet during non-fasting hours, 
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incorporating moderate amounts of healthy fats from sources 
such as avocados, nuts, and olive oil. By being mindful of zinc 
intake and moderating high-fat food consumption, individuals 
can maintain a nutritious and well-rounded diet during Ramadan 
fasting, supporting their health and well-being throughout this 
sacred month.
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