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ABSTRACT
Zinc and copper are responsible for certain physiological functions in the body. On the other hand lead is a toxic trace
element. In this study, effect of intermittent fasting on blood zinc, copper and lead levels during acrylamide exposure was
studied.
Forty female adult Wistar albino rats were divided into 4 groups (n=10 in each group). First group: control group without
any administration, second group: acrylamide group in which 20 mg/kg/day acrylamide was administered for 30 days, third
group: intermittent fasting group in which 12 hours of fasting were administered overnight for 30 days, fourth group:
intermittent fasting and acrylamide group in which 20 mg/kg/day acrylamide and 12 hours of intermittent fasting was
administered for 30 days. At the last day of experimental procedure blood was withdrawn under anesthesia. Zinc as well as
copper levels were measured from plasma samples in flame unit and lead was measured from erythrocyte packages in
combustion unit of Atomic Absorption Spectrophotometer.
In acrylamide group, zinc was lower (p<0.05) whereas copper (p>0.05) and lead levels (p<0.05) were increased. In
intermittent fasting group zinc level was higher whereas copper and lead levels were lower compared to acrylamide group
(p<0.05). In acrylamide+intermittent fasting group lead level was significantly lower (p<0.05).
Conclusion: Results indicate an augmentation of toxic copper and lead elements due to acrylamide administration whereas
a decrease in zinc which is an important element for growth and immune system. On the contrary, intermittent fasting
decreased such untoward effect of acrylamide and increased potential detoxification of toxic chemicals.
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Introduction
Acrylamide is an important manufacturing
material for industry. It is widely use in waste
water management, cosmetics, construction as
well as laboratory uses. Since it is found as an
environmental toxin it can be included into water
and food resources. Another inclusion of
acrylamide into human food is via reactions
occurring during processing. Some of our
processed foods are processed above 100 degrees
Celcius (frying and baking). It causes production
of acrylamide via Maillard reaction which includes
degradation reaction of protein and carbohydrates
in food (1, 2). Therefore it is an unintended
chemical found in many food sources (bread,
cookies, coffee, potato crisps, roasted chickpea).
Turkey is a leading country in bread consumption
in the world and bread is a major acrylamide
source for diet in Turkey. Acrylamide intake
changes with dietary habits of different
populations. Coffee and croissant are among those
in some populations whereas it can be beer in
some others (3). Acrylamide molecule binds to
*

sugar moiety of DNA molecule. This property
raised interest on its potential mutagenic and
carcinogenic property. Acrylamide also possess
adverse neurological effects (4). Metabolic effects
due to different exposure routes to acrylamide
(oral, i.p., dermal) are reported. In one of those
studies, acrylamide is shown to bind hemoglobin
molecule which is crucial for gas transport in
blood (5). Acrylamide was reported to attenuate
red blood cell deformability which is an important
contributor of healthy blood microcirculation (6).
Acrylamide was also reported to alter erythrocyte
fragility adversely (7).
Caloric restriction is a scientifically proven
method for longevity and a healthier life (8, 9).
Intermittent fasting was reported to have benefits
in certain metabolic disorders and diseases (10).
However there are no data for effect of
intermittent fasting on blood zinc (Zn), copper
(Cu) and lead (Pb) levels during acrylamide
exposure.
Zn is among the most common trace elements in
human body. 85% of total body Zn is within
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muscles and bones, 11% of it is in skin and liver
and remaining is found in other tissues (11). Zn is
important for biological functioning of enzymes
more than 300 as well as DNA synthesis and
repair, growth, brain growth, behavioral response,
reproduction, fetal growth, membrane stability,
bone formation and wound healing (11). Its level
in cell is critically related with proliferation,
differentiation and apoptosis. In addition it is also
essential for neurogenesis, synaptogenesis,
neuronal growth and neurotransmission. Zn is
stored in specific synaptic vesicles as a counterpart
of glutaminergic neurons and also released as an
activity dependent neuromodulator (12). Zn at
physiological concentrations play role in
regulation of immune response, spermatogenesis
and steroidogenesis, vitamin A metabolism,
insulin release and storage, energy metabolism,
protein synthesis, stabilization of macromolecules,
regulation of DNA transcription (13). Zn
deficiency may cause abnormalities such as insulin
resistance, cardiovascular diseases, neurological
diseases, retardation of follicular maturation,
Menkes syndrome and high homosistein levels
(14). Copper may also contribute to protein
oxidation, DNA and RNA lysis and reactions
causing membrane damage like Fe. Since trace
elements such as Zn and Cu have crucial roles in
cellular homeostasis, signaling pathways and also
involved in pathogenesis of certain diseases it is
important to determine Cu and Zn level. In
addition, absorption of such elements varies with
food ingredients and due to some intestinal
pathologic situations. The reason why copper and
zinc are evaluated together is that negative
correlation in their absorptions after they are
taken with diet.
Aim of this study is to investigate effect of
intermittent fasting on blood Zn, Cu and Pb levels
during acrylamide exposure which is an
unintended diet component.

explained. Acrylamide doses administered to rats
were determined according to the toxic dose
ranges applied in previous studies (15-17).
Following 30 days of experimental procedure rats
were sacrificed under ketamine – xylazine
anesthesia. Blood was withdrawn under anesthesia
into heparin containing plastic polyethylene tubes.
2 mL of obtained blood sample was centrifuged at
3500 xg for 10 minutes and plasma samples were
separated. An ethical permission was obtained
(date: 01.03.2018, decision no:2018/02).
Trace element measurement: Trace element
measurements were performed with partial
modified methods of Yahaya et al. (18) and Reyes
et al. (19). Prior to study, glassware and plastic
containers were cleaned with 20% HNO 3. They
were washed with deionized water 3 times and
dried. HNO 3, (NH 4)H 2PO 4, Triton X 100 used in
the study was ultrapure chemical grade (ultrapure
reagent grade).
Zn and Cu Measurement: 400 µL from plasma
sample was transferred into a tube and 3600 µL
0.2% HNO 3 was added onto it (Total volume 4
mL). Zn and Cu cathode lamps (Holllow Cathode
Lamp, Hamamatsu Photonics K.K Made in China)
were used. Calibration curves were obtained with
standards prepared with 0.2% HNO 3 solution for
Zn and Cu. Absorbances were measured with
Atomic Absorption Spectrophotometer device
(AA-7000, Shimadzu) combustion unit at 213.9
and 324.8 nm wavelengths, respectively for Zn ad
Cu. 0.2% HNO 3 solution was used as blind.
Results are expressed as µg/dL.
Pb Measurement in Packed Erythrocytes: 500
µL 10% Triton-X 100 was added onto 250 µL
packed erythrocytes. 1250 µL, 10% (NH 4)H 2 PO 4
and 3 mL of deionized water ultrapure water was
added on it (total volume 5 mL). Then calibration
curve was obtained with different standard
concentrations by using Pb cathode lamp (Hollow
Cathode Lamp, Hamamatsu Photonics K.K Made
in Japan) and measurement was performed at
283.3 nm with atomic absorption combustion unit
(Graphite
Furnace
Atomizer,
GFA-7000
Shimadzu).
In addition, hemoglobin was measured according
to method used by Huyut et al (20). Hemolyzate
(20 µL) was added onto 5 mL drabkin solution
and incubated for 10 min at room temperature.
Following incubation, % transmittance values
were measured with spectrophotometry at 540
nm. Hemoglobin content was calculated as g/dL
from previously prepared calibration curve.
Results are expressed as ngPb/gHb levels.

Materials and Methods
Experimental Design: Female, adult, WistarAlbino rats were divided into four groups
including 10 rats in each group. Control group
received no administration. Acrylamide group was
administered with 20 mg/kg/day acrylamide with
gastric gauge. Intermittent fasting group (IF) was
let fasting each other day for 12 hours (10). Water
was provided ad libitum during fasting.
Acrylamide and intermittent fasting group (AIF)
was administered with 20 mg/kg/day acrylamide
as well as intermittent fasting each other day as
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Table 1. Plasma Zn and Cu levels and erythrocyte Pb level for control, acrylamide, IF and AIF groups
Groups
Control
Acrylamide
IF
AIF
p Value

Plasma Zn (µg/dL)
9.21±0.38b
7.98±0.33c
11.67±0.46a
7.58±0.51c
0.001

Plasma Cu (µg/dL)
7.54±0.15a
7.86±0.21a
6.48±0.60b
7.21±0.8ab
0.014

Erythrocyte Pb (ng/gHb)
3.15±0.34b
5.35±0.41a
4.18±0.5b
3.43±0.42b
0.016

" a,b,c ": Values with different letters in the same column are significantly different than others (p<0.05). IF:
intermittent fasting, AIF: acrylamide + intermittent fasting

Statistical Analysis: Data were analyzed with
Kruskal-Wallis, Mann Whitney U test and
Bonferonni correction. Statistical analysis was
performed using the SPSS 15 statistics package
program (SPSS Inc., IL, USA). Data were
expressed as mean±S.E.M. P values less than 0.05
was accepted statistical significant.

serum trace element levels (female 65-70 grams, 34 weeks old Wistar-albino rats) and found Zn as
107.7±36.7 μg/L in control group, 41.5±10.9
μg/L in 2 mg/kg acrylamide group and 38.0±9.4
μg/L in 5 mg/kg acrylamide group and showed
that both of the acrylamide group Zn content was
significantly lower compared to control. Our
results correlate with findings in the study of
Yerlikaya and Yener (22). Intermittent fasting in
our study showed a recovery of Zn values in
acrylamide+intermittent fasting
administered
group.
Cu level in this study was found lowest in
intermittent fasting group. Although, Cu is an
essential element for processes like cellular
respiration it is also an element which is related
with toxicity. Thus, observation of low levels of
Cu in IF group compared to control can be
concluded as another benefit for health. In the
study by Yerlikaya and Yener (22) Cu levels were
found as 161.2±14.0 μg/L in control group,
178.1±44.4 μg/L in 2 mg/kg acrylamide group
and 178.1±21.9 μg/L in 5 mg/kg acrylamide
group. No significant difference was reported in
the study by Yerlikaya and Yener (22), whereas Cu
levels were found lower in IF group compared to
other groups. This discrepancy may be due to
higher administration dose of acrylamide
compared to mentioned study. High Zn levels
were reported to be negatively correlated with Cu
levels and it may change due to age and exposed
dosage (23). Therefore another reason for
dissimilarity of our findings with Yerlikaya and
Yener (22) may be due to interaction of Cu with
increasing Zn concentration.
Pb is a potent neurotoxic element which humans
have been exposed since ancient times (24). No
beneficial function is known for Pb and is still an
important environmental pollutant and an
unintended diet ingredient despite the efforts to
limit its abundance with applications such as Pb
free oil. Although in this experimental procedure
no Pb was administered to rats it is highly possible
that the provided commercial rat food includes

Results
No deaths were observed during experimental
procedure. Results concerning Zn, Cu and Pb are
given in Table 1. Highest Zn value was observed
in intermittent fasting group (11.67±4.6 µg/dL).
Lowest value was observed in Acrylamide
(7.98±3.3 µg/dL) and AIF (7.58±5.1 µg/dL)
groups (p<0.001). Plasma Cu value was found
highest in acrylamide group (7.86±2.1 µg/dL)
whereas it was found lowest in IF group
(p<0.014). In addition, Cu level was lower in AIF
group compared to acrylamide group although
statistically insignificant. Similarly with Cu, Pb
which is also a toxic element was highest in
acrylamide group (5.35±4.1 ng/gHb) (p<0.016).
Although statistically insignificant, AIF group Pb
level was lower compared to acrylamide group.

Discussion
Acrylamide is a harmful chemical and also an
unintended food ingredient. In this study, lowest
Zn value in plasma was observed in acrylamide
and AIF groups. This finding shows that
acrylamide decreases an important trace element
in blood tissue. Zn is an important element for
maintenance of homeostasis, delaying aging
process and preventing cancer (21). Intermittent
fasting application possessed an ameliorating
effect for this harmful impact of acrylamide. In
addition increase in Zn value in lone intermittent
fasting process may clarify the mechanisms of
protective role of Zn in longevity and protection
from diseases. Yerlikaya and Yener (22)
investigated effect of acrylamide exposure on
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Pb. Acrylamide administration increased Pb in rats
significantly
whereas
intermittent
fasting
ameliorated this alteration.
Mechanism of alterations of those three elements
due to acrylamide exposure and intermittent
fasting are not clear but in similar studies (22),
acrylamide was shown to exert prominent effect
on some other elements (cobalt, vanadium,
magnesium, selenium). Absorption of elements
taken with diet is closely related with diet content
and substances such as phytates directly affect
absorption (25). There are no detailed data
concerning effects of acrylamide on those food
ingredients. In addition structural disorders and
inflammatory diseases also have impact on
intestinal absorption (26). Acrylamide may also
alter intestinal absorption. There are studies
presenting alterations in intestinal absorption due
to different mechanisms. 8 weeks of acupuncture
treatment was shown to increase iron absorption
compared to control group (27). In another study,
3 weeks of bed rest increased Zn and Cu excretion
(28). Therefore it can be suggested that acrylamide
may interfere with mechanisms other than diet
and altered Zn, Cu and Pb absorption and
excretion. A certain deficiency of Zn or Cu due to
different mechanism ingredients may also change
serum levels of other elements. Iron deficiency
increases absorption of cadmium, lead, and
aluminum. Lead interacts with calcium in the
nervous system to impair cognitive development.
Lead further replaces zinc on heme enzymes (29).
Therefore increase in Pb and decrease in Zn may
augment potential health hazards since Zn is an
important element for a healthy immune system,
sustained growth and neuronal development (30).
Due to their important physiological functions
without any storage mechanism in body, observed
untoward effects of acrylamide on Zn and Cu
levels requires further studies on the subject.
Acrylamide exposure (20 mg/kg) causes a
significant increase in Pb and Cu level and a
significant decrease in Zn level in female Wistaralbino rats. When administered concomitantly
with intermittent fasting levels of Pb decreases to
control level. A similar but less prominent effect
was also observed in Zn and Cu levels. This
finding shows important health benefit of
intermittent fasting in trace element aspect which
also suggests an enhanced detoxification of toxic
elements such as Pb.
Acknowledgement: This study was granted by
Van Yuzuncu Yil University, Scientific Research
Projects Administration with project number
TSA-2016-5357.

Conflict of interest: The authors declare no
conflict of interest.

References
1.

2.
3.
4.

5.

6.

7.

8.
9.

10.

11.
12.

13.

Lineback DR, Coughlin JR, Stadler RH.
Acrylamide in foods: a review of the science
and future considerations. Annu Rev Food Sci
Technol 2012; 3: 15-35.
Mottram DS, Wedzicha BL, Dodson AT.
Acrylamide is formed in the Maillard reaction.
Nature 2002; 419: 448-449.
Parzefall W. Minireview on the toxicity of
dietary acrylamide. Food Chem Toxicol 2008;
46: 1360-1364.
Bentzen BH, Schmitt N, Calloe K, et al. The
acrylamide (S)-1 differentially affects Kv7
(KCNQ)
potassium
channels.
Neuropharmacology 2006; 51: 1068-1077.
Sumner SC, Willams CC, Snyder RW, et al.
Acrylamide: A Comparison of Metabolism and
Hemoglobin Adducts in Rodents following
Dermal, Intraperitoneal, Oral, or Inhalation
Exposure. Toxicol Sci 2003; 75: 260-270.
Arihan O, Seringeç NB, Gürel Eİ,
Dikmenoğlu NH. Effects of oral acrylamide
intake on blood viscosity parameters in rats.
Clin Hemorheol Microcirc 2011; 47: 45-52.
Ghorbel I, Maktouf S, Kallel C, et al.
Disruption of erythrocyte antioxidant defense
system, hematological parameters, induction
of pro-inflammatory cytokines and DNA
damage in liver of co-exposed rats to
aluminium and acrylamide. Chemico-Biol
Interact 2015; 236: 31-40.
Sohal RS, Weindruch R. Oxidative stress,
caloric restriction, and aging. Science 1996;
273: 59-63.
Mattson MP, Chan SL, Duan W. Modification
of brain aging and neurodegenerative
disorders by genes, diet, and behavior. Physiol
Rev 2002; 82: 637-672.
Tikoo K, Tripathi DN, Kabra DG, Sharma V,
Gaikwad AB. Intermittent fasting prevents the
progression of type I diabetic nephropathy in
rats and changes the expression of Sir2 and
p53. FEBS Letters 2007; 581: 1071-1078.
Stefanidou M, Maravelias C, Dona A,
Spiliopoulou C. Zinc: a multipurpose trace
element. Arch Toxicol 2006; 80: 1-9.
Maret W, Sandstead HH. Zinc requirements
and the risks and benefits of zinc
supplementation. J Trace Elem Med Bio 2006;
20: 3-18.
Salgueiro MJ, Zubillaga M, Lysionek A, et al.
Zinc as an essential mıcro nutrient: a review.
Nutr Res 2000; 20: 737-755.

East J Med Volume:23, Number:4, October-December/2018
245

Huyut and Arihan / Effect of fasting on rat blood copper, zinc and lead

14. Guler I, Himmetoglu O, Turp A, et al. Biol
Trace Elem Res 2014; 158: 297-304.
15. Yang HJ, Lee SH, Jin Y, et al. Genotoxicity
and toxicological effects of acrylamide on
reproductive system in male rats. J Vet Sci
2005; 6: 103-109.
16. Zhang Y, Wang Q, Zhang G, et al. Biomarker
analysis of hemoglobin adducts of acrylamide
and glycidamide enantiomers for mid-term
internal exposure assessment by isotope
dilution
ultra-high
performance
liquid
chromatography tandem mass spectrometry.
Talanta 2018; 178: 825-833.
17. Ghorbel I, Maktouf S, Kallel C, et al.
Disruption of erythrocyte antioxidant defense
system, hematological parameters, induction
of pro-inflammatory cytokines and DNA
damage in liver of co-exposed rats to
aluminium and acrylamide. Chemico-Biol Int
2015; 236: 31-40.
18. Yahaya MI, Ogunfowokan AO, Orji EO.
Elemental profile in amniotic fluid of some
Nigerian pregnant women. East Afr J Public
Health 2011; 8: 92-97.
19. Reyes H, Baez ME, Manuel CG, et al.
Selenium, zinc and copper plasma levels in
intrahepatic cholestasis of pregnancy, in
normal pregnancies and in healthy individuals,
in Chile. J Hepatol 2000; 32: 542-549.
20. Huyut Z, Şekeroğlu MR, Balahoroğlu R,
Huyut MT. Characteristics of resveratrol and
serotonin on antioxidant capacity and
susceptibility to oxidation of red blood cells in
stored human blood in a time-dependent
manner. J Int Med Res 2018; 46: 272-283.
21. Chan S, Gerson B, Subramaniam S. The role
of copper, molybdenum, selenium, and zinc in
nutrition and health. Clin Lab Med 1998; 18:
673-685.

22. Yerlikaya FH, Yener Y. The Dietary
Acrylamide Intake Adversely Affects the
Serum Trace Element Status. Biol Trace Elem
Res 2013; 152: 75-81.
23. Barany E, Bergdahl IA, Bratteby LE, et al.
Relationships
between
trace
element
concentrations in human blood and serum.
Toxicol Lett 2002; 134: 177-184.
24. Kamenov G and Gulson BL. The Pb isotopic
record of historical to modern human lead
exposure. Sci Total Environ 2014; 490: 861870.
25. Talsma EF, Moretti D, Ly SC, et al. Zinc
Absorption from Milk Is Affected by Dilution
but Not by Thermal Processing, and Milk
Enhances Absorption of Zinc from HighPhytate Rice in Young Dutch Women. J Nutr
2017; 147: 1086-1093.
26. Michielan A, DInca R. Intestinal Permeability
in Inflammatory Bowel Disease: Pathogenesis,
Clinical Evaluation, and Therapy of Leaky
Gut. Mediat Inflamm 2015; 5: 1-10.
27. Xie XC, Cao YQ, Gao Q, et al. Acupuncture
Improves Intestinal Absorption of Iron in
Iron-deficient Obese Patients: A Randomized
Controlled Preliminary Trial. Chin Med J
(Engl) 2017; 130: 508-515.
28. Heacox HN, Gillman PL, Zwart SR, Smith
SM. Excretion of Zinc and Copper Increases
in Men during 3 Weeks of Bed Rest, with or
without Artificial Gravity. J Nutr 2017; 147:
1113-1120.
29. Goyer RA. Toxic and Essential Metal
Interactions. Ann Rev Nutr 1997; 17: 37-50.
30. Plum LM, Rink L, Haase H. The Essential
Toxin: Impact of Zinc on Human Health. Int
J Environ Res Public Health 2010; 7: 13421365.

East J Med Volume:23, Number:4, October-December/2018
246

