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ABSTRACT: Doxorubicin (DXR) is one of the commonly used chemotherapeutic agents, which is highly toxic and causes
gastrointestinal and cardiac toxicity. Curcumin is used as a spice and coloring agent in food, but also possesses anti-proliferating,
potent antioxidant, antitumor-promoting and anti-carcinogenic properties in vitro and in vivo. In this study, the change in element
concentrations in the tissues of healthy animals was examined by administering doxorubicin and curcumin separately, or both at the
same time. For this purpose, 35 wistar albino male rats were selected and randomly divided into five groups of seven each. The
objective of this study was to assess and compare the levels of
coppetr, iron, zinc and selenium in the liver, kidney, heart, and testis
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of the control group and in the doxorubicin-induced tissues.
According to the results, the Cu, Fe, Zn, Se amounts and the Cu/Fe,
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the five groups. In terms of element concentration, the most \.'“) ®
affected tissue by doxorubicin application is the heart, and the least (_ o
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affected is the kidney. The ratios of Cu/Fe and Cu/Se in the liver
and the heart were highest in Group II and Group 111, respectively.

antidiabetic, antiarthritic antithrombotic, and antiatherosclerotic.?®

INTRODUCTION

Doxorubicin (DXR)

Various preclinical studies reported that CMN is well known for

is a cancer drug widely used for its potential to inhibit carcinogenesis induced by chemical

chemotherapy.'? Because of its cytotoxicity to normal cells or
tissues, its application is clinically limited. When used long term,
DXR causes various side effects, such as resistance and  toxicity
to normal tissues.> To decrease DXR toxicity and improve
bioavailability, various carrier systems have been developed to
maintain the tumor inhibition effect.* Recently, researchers have
been investigating the DXR effect on normal cells or tissues.’
Others studied the common herb curcumin (CMN) known for its
antioxidant activity and being anti-inflammatory, antioxidant,
antiproliferative, antiangiogenic, hepatoprotective, antimetastatic,
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carcinogens, both in the initiation and progression stages.’ It also
strengthens the body's defenses against reactive oxygen species by
increasing the levels of other endogenous antioxidants.!%-2
Curcumin shows its antioxidant properties by inhibiting reactive
oxygen species production and scavenging molecular hydroxyl
and oxygen radicals. It is also being used as a natural herbal
remedy for treatment of inflammatory disorders and many other
diseases.>!* Curcumin has been studied together with many
nephrotoxic agents, and its protective efficacy has been proven.'>-

19 Extensive investigation has indicated that CMN enhances
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wound healing, protects from liver injury and has

antiatherosclerotic activity.?

When DXR destroys the tissue or cell, enzymes are formed
from trace elements such as selenium (Se), zinc (Zn), copper (Cu),
and iron (Fe). These play a vital role in a number of biological
processes by activating or inhibiting enzymes, besides functional
cofactors of various enzymes, all of which are crucial for
biochemical cell activity and to maintain the integrity of various
cell apparatuses. Iron is an essential nutrient for cell proliferation
and growth. When Fe enters redox cycling, it becomes toxic and
can initiate tumor and tumor growth because of free radical
formation. It also has crucial functions in mitochondrial enzymes,
deoxyribonucleic acid synthesis and the cell cycle along with the
function of vital Fe and heme-containing enzymes.?! While Fe is
essential for growth and the metabolism, lose electrons potentially
cause deleterious free radical-generating reactions.?? Selenium (Se)
is considered an essential trace element for the organism and its
biological functions are mediated by approximately 20
selenoproteins that have selenocysteine in their active centers.
Selenoproteins play a vital role in all tissues and are also involved
in the thyroid hormone metabolism, inflammation, and immunity.
In order to prevent or decrease the harmful effects of heavy metals
on the antioxidant system in various tissues, Se is a well-
established antioxidant.?® Thus, the protective effect in biological
systems of various elements especially Hg?" has been studied.*
Copper, present in all tissues and required for cellular respiration,
plays a vital role in the development of the central nervous system
and is a cofactor for countless enzymes. Serious damage can occur
in case of excessive Cu intake, while if not taken in high enough
amounts, it may cause incomplete human development. When Cu
is involved in free radical production, it can result in mitochondrial
damage, breakage of DNA and lead to neural harm.?® Zn is another
important element in the development of the rapidly growing
human tissues because it is a component of DNA and ribonucleic
acid (RNA) polymerase. Zinc also has a modulatory and
protective action in the growth of cells.?*’

The objective of the current study was to compare trace element
concentrations of a control group with DXR-induced and
DXR+CMN treated tissues. There have been few studies where

Table 1. Instrumental Operating Conditions of Analyst 800 ETAAS

trace elements were determined in control group tissues and DXR-
induced tissues in rats. The concentrations of Cu, Zn, Se and Fe
were determined in tissues from five different groups of seven rats
each using electrothermal atomic absorption spectrometer
(ETAAS). Finally, the Cu, Zn, Se, and Fe levels were compared
and evaluated with the Cu/Zn, Cu/Se, and Cu/Fe ratios of the
tissues in the control group and the DXR-induced tissue group.

EXPERIMENTAL

Instruments. The measurements were performed using the model
AAnalyst 800 ETAAS (PerkinElmer, Inc., USA) for the
determination of element concentrations. To determine Cu, Fe, Zn
and Se levels, hollow cathode lamps were used. The operating
conditions are listed in Table 1. A microwave digestion system
(Coolpex, P. R. China) was used for tissue sample digestion.

Reagents, drugs, and standard solutions. In all experiments, the
chemical reagents were of analytical reagent grade and the
solutions were prepared using ultrapure water (Elga, PURELAB
flex 18.2 nQ cm! resistivity). HNO;3 (E. Merck, Germany) was of
ultrapure quality. Doxorubicin was purchased as Adriamycin (50
mg 25 mL! injectable solution, Saba, Turkey). The herb curcumin
and the chemicals used were obtained from Sigma-Aldrich
Chemical Company (USA). Metal stock solutions of 1000 mg L-!
were prepared. All standard solutions were obtained by diluting
these stock solutions to obtain the calibration graphs.

Animals. Male wistar albino rats (weighing between 230-250 g
each) were purchased from the Experimental Research and
Application Center of Ataturk University, Turkey. The animals
were housed in standard plastic cages under well-regulated
conditions (relative humidity range: 45%+5, temperature: 24+1 °C,
and a 12 h light/12 h dark cycle). Their diet consisted of standard
pellet feed and tap water. The experiments were designed and
conducted according to ethical norms as approved by the Local
Animal Care Committee of Ataturk University, Erzurum, Turkey
(Protocol No: 2016-8/164).

Experimental Protocol. Thirty-five wistar albino male rats were
randomly divided into five groups of seven rats in each group.

Step Temperature (°C) Ramp Time (s) Hold Time (s)

Cu Fe Zn Se Cu Fe Zn Se Cu Fe Zn Se
Dry1 110 110 110 110 1 1 1 1 30 30 30 30
Dry 2 140 130 130 130 10 5 5 15 25 30 30 30
Pyrolysis 1100 1400 700 1300 10 10 10 10 30 20 20 20
Atomization 2300 2100 1500 1900 0 0 0 0 5 5 5 5
Clean-out 2450 2450 2450 2450 2 1 1 1 5 3 3 3

Cu Fe Zn Se
Wavelength (), nm) 3248 248.3 2139 196.0
Hollow cathode lamp current (mA) 30.0 30.0 20.0 16.0
Injection volume (uL) 20 20 20 20
Slit width (nm) 0.7 02 0.7 2.0
LOD (ug kg™) 0.5 0.3 0.1 0.02
LOQ (ng kg") 1.5 0.9 0.3 0.06
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Group I (Control): Normal saline orally for 7 days. Group II: CMN
(200 mg kg! body weight (b.wt.)/day) was administered orally for
7 days. Group III: A single dose of DXR (40 mg kg') was injected
intraperitoneally into the rats on the 5th day. Group IV: A single
dose of DXR (40 mg kg™') on the 5th day of treatment schedule
along with daily administration of CMN (100 mg kg™! b.wt./day)
for 7 days. Group V: A single dose of DXR (40 mg/kg) on the 5th
day of treatment schedule along with daily administration of CMN
(200 mg kg'! b.wt./day) for 7 days. After 24 hours from final CMN
administration, the rats were sacrificed under mild sevoflurane
anesthesia (Sevorane liquid 100%, Abbott Laboratory, Istanbul,
Turkey). At the end of the study, the tissues from the liver, kidney,
heart, and testis were analyzed.

Analytical Procedure for Elemental Analysis. Homogenized
tissue samples of about 0.2 g were taken into Teflon vessels. After
this processes, 5 mL concentrated HNOs; was added and
resolubilized by microwave digestion. To obtain clear solutions,
the final volume was completed to 10 mL ultrapure water. The
analyses were prepared in triplicate. The blank solutions were
carried out in the same way. The concentration of elements
including Cu, Fe, Zn and Se were based on the calibration curves.
The calibration curves were constructed by plotting the absorption
(y) against the concentration of each element (x). Obtained and
used calibration graphs were linear between studied ranges. Based
on the linear equations, the R? values were obtained as 0.998 for
Cu, 0.0999 for Fe, 0.996 for Zn and 0.999 for Se. Also, the LOD
and LOQ values of the elements were calculated and are presented
in Table 1.

Statistical Analysis. SPSS software Version 24 (SPSS Inc., USA)
was used for the analysis of all data. One-way analysis of variance
was carried out. When p<0.05 was achieved, the results were

considered significantly different. All data were checked in terms
of equal variance and normal distribution. Differences between the
means were assessed using Tukey’s Honest Significant Difference
test for post hoc multiple comparisons. The values were presented
as the mean + standard deviation.

RESULTS AND DISCUSSION

The effect of DXR and CMN alone or in combination with
elemental levels according to the control group was examined
separately for liver, heart, kidney, and testicular tissues (Table 2).
When comparing Group I with Group IV, it was found that DXR
and CMN treatment affected the Fe, Zn and Se levels in the liver
and heart tissues; the Cu and Fe levels in the kidney tissues, and
the Fe and Se levels in the testis tissues. When comparing Group I
with Group 11, the CMN treatment did not cause changes in the
liver and testis, but it changed the Fe and Se levels in the heart, and
only the Fe level in the kidney tissue. When comparing Group |
with Group 111, the DXR application caused changes in the levels
of Zn and Se in the liver, the Cu, Fe, and Zn levels in the heart, and
the Fe levels in the testis, but did not cause any changes in the
elemental levels of the kidneys. When comparing Group I with
Group V, it was found that the Zn levels in the liver; the Cu, Fe, Se
levels in the heart; the Cu and Fe levels in the kidney; and the Cu,
Fe, Zn and Se levels in the testis were influenced by DXR and
CMN treatment.

It is most noteworthy that in terms of elemental concentration,
the most affected tissue by DXR application is the heart, and the
least affected tissue is the kidney. Since Fe is a prooxidant
substance, the application of CMN causes a decrease in the Fe
level, and its strength can be interpreted as an antioxidant.

Table 2. Comparison of the Elemental Concentrations in the Tissues of the Five Groups

Concentration, mg kg™

Group Cu Fe Zn Se
1 3.46+0.08 ab 480.95+12.60 be 26.85+0.13 ¢ 0.98+0.06 b
11 3.63+0.08 ab 425.08+16.94 ¢ 26.04+0.48 ¢ 0.97+0.03 b
Liver 11 4.12£047 a 529.50+4.95 ab 3533+049a 0.63+0.02 ¢
v 3.12+0.23 b 581.30+62.01 a 29.80+1.12b 1.18+0.04 a
\4 3.49+0.09 ab 454.88+16.31 be 36.13+0.82a 1.02+£0.04 b
1 448+0.15¢ 272.79+29.10 a 19.16+0.28 a 0.35+£0.02 ¢
I 4.57£0.05 be 579.08+0.01 ¢ 19.29+0.15a 0.78+0.04 a
Heart m 4.92+0.08 a 127.93£8.97b 17.82+0.11b 0.33+0.02 ¢
v 4.49+£0.01 ¢ 106.39+2.44 b 17.19+0.30 b 0.84+0.06 a
\4 4.84+0.15 ab 123.96+3.01 b 1991044 a 0.52+0.01 b
1 7.27+0.25b 166.32+£3.65 ¢ 24.57+1.03 ab 1.25+0.17 a
11 6.92+0.09b 528.19+0.93 a 23.06+0.30b 1.30£0.12a
Kidney m 6.92+0.15b 175.87+0.87 ¢ 25.68+0.16 ab 1.16+0.08 a
v 8.70+0.30 a 278.39+2.97b 26.26+1.12a 1.19+0.05 a
\% 1696488 ¢ 35.487+0.69 d 23.83+0.97 ab 1.21+0.07a
1 1.60+£0.01 b 14.95+0.26 b 25.12+0.53 b 1.28+0.11b
1 1.55+0.11 b 15.09+0.07 b 26.15+1.94 ab 1.20+0.09 b
Testis 11 1.56+£0.01 b 11.47£0.16 ¢ 24.22+0.40b 1.2120.07b
v 1.34+£0.05b 11.23£0.04 ¢ 22.20+1.44b 1.60+£0.05 a
\4 8.26+0.37 a 275.01+1.16 a 29.68+1.29 a 1.85+0.12 a

Different letters within columns indicate significant differences between means (p<0.05).
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Table 3. Elemental Ratios in Rat Tissues

Liver Heart Kidney Testis
Cu/Fe Cu/Zn Cu/Se Cu/Fe Cu/Zn Cu/Se Cu/Fe Cu/Zn Cu/Se Cu/Fe Cu/Zn Cu/Se
0.0072 0.129 3.54 0.016 0.233 12.69 0.043 0.296 5.81 0.106 0.063 1.25
0.0085 0.139 3.75 0.078 0.237 5.85 0.013 0.299 5.33 0.103 0.059 1.29
0.0077 0.116 6.49 0.038 0.276 14.99 0.039 0.269 597 0.136 0.064 1.29
0.0053 0.104 2.65 0.042 0.261 532 0.031 0.331 7.34 0.119 0.060 0.83
0.0060 0.096 341 0.039 0.243 9.38 0.048 0.071 1.39 0.030 0278 4.46

Since Se is particularly involved in the structure of GSH-Px
from antioxidant enzymes, it can be considered the reason for the
increase of Se in the liver and heart tissues. The statistically
important increase of Cu, which is a prooxidant substance, in the
heart and a not statistically important increase in the liver can be
explained by the detrimental effect of DXR.

The Cu/Fe, Cu/Zn and Cu/Se ratios are listed in Table 3. The
Cu/Fe ratio in the liver and the heart was highest in Group II, in
the kidney in Group V, and in the testis in Group III. The liver
tissue Group II, the heart Group II1, the kidney Group IV, and the
testis Group V had the maximum Cu/Zn ratio. The Cu/Se ratio of
liver and heart was high in Group III, the Cu/Se ratio of kidney
was high in Group IV, and the Cu/Se ratio of testis was high in
Group V.

Briefly, while DXR administration was compared with the
control group, there was no statistically significant difference in
the levels of elements in the kidney tissue, only the Fe level in the
testis tissue changed, as did the Zn and Se levels in the liver tissue
and the Cu, Fe and Zn levels in the heart tissue. From the
perspective of the tissues, the most affected tissue from DXR is the
heart tissue, and the least affected is the kidney tissue. When the
control group is compared to Group I which was administered
CMN, it affected the Fe and Se levels in the heart tissue and
affected only the Fe/Zn ratio in the kidney tissue Fe level.

There have also been many other studies and various results
were reported about heavy metal levels in tissues. Al-Ebraheem et
al. investigated the metal levels of Cu, Zn, K and Fe in normal and
malignant liver and kidney tissue by X-ray fluorescence.?® They
stated that while Zn was reduced in liver and kidney tumors, the
elements Fe, Cu and K increased in kidney tumors, and Ca, Fe, Cu
and Zn also increased in the malignant area. Bargellini et al.
investigated the relationship between trace elements, immune
parameters, and human cancer.?’ They stated that there is an
interesting association between the state of anxiety and Cu, in
addition to a high association between anxiety and glutathione
peroxidase. The elemental levels found in human hair were
compared between breast cancer and healthy individuals by
Benderli Cihan et al.** Based on their results, while the Fe level
was at a higher average in the patients, the Ca level was at a higher
average in the controls. On the other hand, the Mg, Zn, and Na
concentrations had increased in both the patient and the control
groups. Furthermore, almost all element values in the cancer
patients showed higher dispersion and asymmetry than in the
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healthy controls. Between patients and controls, there were
statistically significant differences in the concentrations of Zn, Se,
Ca and Mn (p<0.05).

Ebrahim et al. investigated some trace element levels in
Sudanese patients with confirmed breast cancer.’' To determine
the Fe, Se, Zn, and Sc levels in these subjects, neutron activation
analysis was used. They stated that the levels of Se and Zn in
malignant tissues were significantly elevated (p<0.05) in
comparison to the normal tissues. X-ray fluorescence
spectroscopy was used by Wandzilak et al. to determine the
concentration of elements in neoplastic and healthy brain tissues.>?
They made a map of various elements including Cu, Zn, P, S, Ca,
and Fe for cancerous tissues. Using these maps, the concentration
levels of elements in brain tissue were compared between
malignant tissue and controls. According to the results of this study,
the average concentrations of Ca, P, S and Fe decreased in
malignant tissues in comparison to the control group, whereas the
Zn level in these tissues increased. The results revealed that Zn,

Cu, Fe, Ca, and K play an important role for tissue classification.

The blood Cu, Zn, Se, and Cd levels were investigated in breast
cancer patients by Saleh et al. using spectrophotometry.’> Based
on their findings, the Cu, Se and Zn levels in breast cancer
patients were significantly lower than in the controls, while the Cd
level was significantly (p<0.0001) higher in the patients than in the
controls. Kiziler et al. examined the effects of Cu, Fe and Zn levels
on the development, progression, and histology of prostate cancer.
They observed that the level of these elements’ changes in the
serum prostate tissues.>* From the Pearson correlation, the serum
Cu/Zn ratio significantly and positively correlated with serum. A
significant positive correlation was found between tissue Cu/Zn
and tissue Fe/Zn in malignant tissue. Lin ef al. measured trace
elements in patients with bladder cancer and a healthy group using
a graphite furnace atomic absorption spectrophotometer.>
According to obtained data, while the urinary Zn and Se mean
values in patients were significant (p<0.05) and their levels higher
than the controls, urinary Cu, As and Pb were not significantly
different. But no significant differences were found in terms of the
Cu, Pb and as values between patients and controls. However, in
the bladder cancer urine, the Pb levels were elevated by about 40%.
They reported that the Se and Zn levels are associated with the
proliferation of bladder cancer cells and are excreted in the urine
of bladder cancer patients. Ceruloplasmin (Cp), transferrin (Trf),
albumin, and the Fe, Zn, Mg, Cu Mn levels in serum in laryngeal
carcinoma were examined by Taysi et al’ Although the
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concentrations of Fe and Mn serum were higher in the control
group than in the laryngeal cancer groups, the difference was not
statistically significant (p>0.05). When compared to the control
group, lower Trf (p<0.01), Zn (p<0.01) and Mg (p<0.001) and
higher Cp (p<0.01) and Cu (p<0.001) concentrations were found
in the laryngeal cancer groups.

CONCLUSIONS

It can be stated that there are negative as well as positive effects
caused by drugs, such as DXR, used in the treatment of cancer,
which is becoming ever more widespread. This study is first in
reporting the results of an experiment where a healthy animal
was administered DXR alone, CMN alone, and CMN and
DXR together, and the changes in trace element concentrations
found in liver, kidney, heart, and, testis tissues. According to
the obtained data, the effects of these chemicals on the element
concentrations in each of the tissues were different . The
heart tissue was the most affected tissue with DXR, and the
kidney was least affected by this drug.
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