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ABSTRACT

inhibited TrxR enzyme in all the tissues.

.

Obijectives: Carbonic anhydrase (CA), 6-phosphogluconate dehydrogenase (6PGD) and thioredoxin reductase (TrxR) enzymes are the essential
biological molecules needed for metabolic processes in all living cells. This study was designed to investigate the activities of CA, 6PGD and TrxR
enzymes in the brain, kidney, liver, heart and testis tissues of the rats exposed to doxorubicin (DOX) and morin.

Methods: Male Wistar albino rats were randomly divided into three groups as control, morin and DOX, each of them containing 7 rats. At the
end of the experimental procedure, CA, 6PGD, and TrxR enzyme activities in tissues of rats were determined spectrophotometrically.

Results: In our study, we observed that DOX activated CA enzyme in liver and kidney tissues while inhibiting CA enzyme in the other tissues,
activated 6PGD enzyme in the kidney, liver and heart tissues, and inhibited the TrxR enzyme in all the tissues. In addition, morin activated
CA enzyme in the liver tissue while inhibiting CA enzyme in the brain, heart and testis tissues. Morin activated 6PGD enzyme activity while it

Conclusion: The findings showed that doxorubicin and morin had similar properties in the tissues as to their effect on enzyme activities.

Keywords: Doxorubicin; Morin; Carbonic Anhydrase; 6-phosphogluconate Dehydrogenase; Thioredoxin Reductase

1. INTRODUCTION

Enzymes, the largest and most diverse group of proteins,
play an important role in the metabolism of all organisms. All
chemical reactions and metabolic pathways in the living cells
are catalyzed and regulated by enzymes (1). Carbonic anhydrase
(CA) is a zinc-containing monomeric metalloenzyme which
catalyzes the reversible reaction of CO, to bicarbonate (2,3).
This enzyme found in all living species is very important in
terms of the reactions which it catalyzes (4). This reaction plays
a critical role in various metabolic biosynthetic pathways such
as metabolism of CO, and its transport between tissues that
allow its excretion, secretion of electrolytes in various tissues
and organs, pH regulation and homeostasis, gluconeogenesis,
lipogenesis, ureogenesis, osteoporosis, tumorigenesis, and
epilepsy (5,6). The pentose phosphate pathway is one of the
most important components of cellular metabolism and the
enzyme, 6-phosphogluconate dehydrogenase (6PGD), catalyzes
the third reaction of this pathway (7). As a result of oxidative
decarboxylation of 6-phosphogluconate, ribulose 5-phosphate
and NADPH are the products of this reaction (8). It has been
reported that the 6PGD enzyme increases in transcriptional
and translational levels in various cancer types, and this is
accompanied by an increase in activity. it has been stated
that this causes resistance to chemotherapy and increased

metastasis of cancer cells (9). While ribose 5-phosphate, one
produce of the pentose phosphate pathway, serves as the
building block for nucleic acid synthesis, NADPH is an antioxidant
which is suppressed production of reactive oxygen species and
contributes to the maintenance of the cell redox homeostasis as
well as its role in lipid biosynthesis (10). Thioredoxin reductase
enzyme (TrxR) forms the thioredoxin system together with
thioredoxin and NADPH (11,12). Thioredoxin system, combined
with the glutaredoxin system, performs some important
biological functions such as protection against oxidative
stress, DNA synthesis, regulation of receptor and transcription
factors (13). Thioredoxin system is a broad-spectrum thiol
reduction system and plays an important role in maintaining
intracellular redox balance. This system is very active in the
lung, liver, colorectal and gastric cancer types and it is of great
importance in proliferation and survival of abnormal cells in
tumor formation (11,14). Doxorubicin (DOX), an anthracycline
antibiotic, is one of the most effective chemotherapeutic
drugs used in the treatment of solid tumors and hematological
malignancies such as leukemia, lymphomas, and breast cancer
(15). DOX shows its effect by breaking into among DNA bases,
by inhibiting the topoisomerase Il enzyme and by increasing the
formation of free radicals that damage DNA and membranes
(16,17). Although it is a very effective chemotherapeutic agent,
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the use of DOX is restricted due to toxicity caused by the use
process and its aftermath (18). Another limitation arises from
the resistance to the DOX. These two conditions limit the use
of DOX in treatment (19). However, the protective effects of
some natural products against DOX-induced cardiotoxicity have
been reported (20). Phenolic compounds form an important
class of plant-based secondary metabolites. Flavonoids which
are polyphenolic phytochemicals are biologically active and
have antioxidant, antidepressant, anti-inflammatory effects
and enzyme inhibition proterties (21-23). It has been reported
morin (3, 5, 7, 2’, 4-pentahydroxyflavone), a bioflavonoid found
in many plants and fruits, can regulate some metabolic enzyme
activities and protect metabolism against oxidative stress due
to its antioxidant properties (24, 25). Within the scope of the
study, changes in CA, G6PD and TrxR activities in the liver, heart,
kidney, and brain tissues of rats exposed to morin, which is
polyphenolic phytochemical, and DOX, used as a cancer drug
were investigated.

2. METHODS

2.1. Drugs and chemicals

DOX was obtained as Adrimisin® (50 mg/25 mL injectable
solution) from Saba ilag San. ve Tic. A.S, Turkey. Morin hydrate
and the other chemicals were purchased from Sigma-Aldrich
(St Louis, MO) and Merck (EMD Millipore Corporation, USA).
The administration dose of DOX in rats was determined
according to the literature (26).

2.2. Animals

The Wistar albino male rats used in this study were provided
by Ataturk University Medical Experimental Application
and Research Center. 10-week-old rats with a body weight
between 200-250 g were kept in special cages in a controlled
breeding room (24+1°C), relative humidity of 45+5% under a
regular 12 h on/off sight cycle throughout the experiment. The
rats were fed (pellet diet and water) ad libitum. This study was
designed conforming to ethical norms approved by the Animal
Experimentation Ethics Committee of Ataturk University.

2.3. Experimental design

The animals were randomly categorized into three groups
consisting of 7 rats in each group.

Group C (Control group): Healthy control rats were
administered normal saline daily using oral gavage for 10 days.

Grup M (Morin Hydrate 100 mg/kg): The rats were
administered morin hydrate at a dose of 100 mg/kg b.wt
daily using oral gavage for 10 days.

Group D (DOX 40 mg/kg): The rats were injected
intraperitoneally with a single dose of Dox (40 mg/kg b.wt,
i.p.) on the 8" day.

At the end of the study period (10th day), the rats were
decapitated under mild sevoflurane anesthesia (Sevorane
liquid 100%; Abbott Laboratory, Istanbul, Turkey). The liver,

testis, heart, kidney, and brain tissues were evaluated from
rats for biochemical analysis.

2.4. Preparation of homogenate

The rat tissues were washed with 0.9% NaCl solution and
then cut into small pieces by means of a scalpel. The pieces
were powdered by grinding in a mortar in the presence of
liquid nitrogen. The powder was homogenized with 20 mM
Tris-HCI (pH 7.5) solution and taken into Eppendorf tubes.
After that, the homogenate was centrifuged at 12,900 rpm
for 30 min at +4°C. The supernatant was removed and stored
onice.

2.5. Measurement of carbonic anhydrase activity

The CA activity was measured by the method of esterase
activity. CA activity was assayed according to the method of
Verpoorte et al (27). This method is based on the hydrolysis of
p-nitrophenyl acetate to p-nitrophenol by CA. p-nitrophenol
has a maximum absorbance at 348 nm. Thus, the enzyme
activity was measured spectrophotometrically at 348 nm.

2.6. Measurement of 6-phosphogluconate dehydrogenase
activity

The 6PGD activity was measured according to the method of
Beutler (28). The basis of the method is the formation of NADP
by reducing NADP™ in the presence of 6-phosphogluconate. The
resulting NADPH shows a maximum absorbance at 340 nm.
Thus, the activity was measured spectrophotometrically at 340
nm.

2.7. Measurement of thioredoxin reductase activity

The TrxR activity was measured according to the method of
Holmgren and Bjornstedt (29). This method is based on the
reduction of 5,5’-Dithiobis- (2-Nitrobenzoic Acid) which is the
artificial substrate of the enzyme in the presence of NADPH
and the maximum absorbance of the resulting 5-thio-2-
nitrobenzoic acid at 412 nm.

2.8. Statistical analysis

SPSS 16.0 program was used for statistical evaluation. Kruskal—
Wallis test was used to determine the difference between the
groups obtained semi-quantitative in the histopathological
examination. Detection of different groups was determined by
Mann-Whitney U-test. Statistical significance was considered
p < 0.05. One-way ANOVA (Tukey) SPSS (version 12.0; SPSS,
Chicago, IL) statistical program was used for biochemical analysis.
All values were given as mean + standard error (+S.E.M.), while
the results at p < 0.05 were considered as significant.

3. RESULTS

The wistar albino male rats used in this study were randomly
categorized into three groups consisting of 7 rats in each group.
In group C, the rats were administered normal saline daily by
oral gavage for 10 days. In group M, the rats were administered
morin hydrate at a dose of 100 mg/kg b.wt daily by oral gavage
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for 10 days. In group D, the rats were injected a single dose
of DOX (40 mg/kg b.wt, i.p.) on the 8" day of the experiment.
At the end of the 10" day, the rats were decapitated under
mild sevoflurane anesthesia. After that, the liver, testis, heart,
kidney, and brain tissues from the rats were evaluated for
biochemical analysis. The spectrophotometer was used to
measure the enzyme activities in all the tissues.

In accordance with our findings, CA activities was significantly
decreased in the brain, heart, and testis tissues of the rats
in the groups M and D when compared with that of the
rats in the group C (p<0.05). CA activities in the brain and
testis tissues of the rats were inhibited in the presence of
DOX and morin, but the inhibitory effect of DOX was higher
than that of morin. In contrast, the inhibitory effect of morin
was higher than that of DOX in the heart tissue (p<0.05). In
the kidney tissue, CA enzyme was activated in presence of
DOX, but morin did not show any effect on CA activity when
compared with that of the rats in the group C (p<0.05). In the
liver tissue, CA enzyme activity was increased in presence of
both morin and DOX when compared with the group C, but
this increased CA enzyme activity was higher in the group M
than the group D (p<0.05, Figure 1).
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Figure 1. The effects of morin and DOX on CA enzyme activity in
different tissues (C: Control, M: Morin, D: Doxorubicin). Data
represent the means *S.E.M. of seven rats in each group. Results

were derived from one-way ANOVA followed by Tukey’s post hoc
test. Graphs (a—c) show significant (P<0.05) differences among
groups for each tissue.

Within the scope of the study, the effects of morin and DOX
on 6PGD enzyme activity were investigated. According to
the measurement results, morin activated statistically the
enzyme in all the tissues compared with that of the rats in
the group C (p<0.05). DOX did not show any effect on 6PGD
activities in the brain and testis tissues of the rats in the
group D, but it activated 6PGD enzyme in the kidney, liver
and heart tissues of the rats in the group D. However, 6PGD
activities in the kidney, liver and heart tissues of the rats in
the group D were lower than those of the rats in the group M
(p<0.05, Figure 2).
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Figure 2. The effects of morin and DOX on 6PGD enzyme activity
in different tissues (C: Control, M: Morin, D: Doxorubicin). Data
represent the means #S.E.M. of seven rats in each group. Results
were derived from one-way ANOVA followed by Tukey’s post hoc
test. Graphs (a—c) show significant (P<0.05) differences among
groups for each tissue.

In this study, the effects of morin and DOX on TrxR enzyme
activity were investigated. It was determined that morin and
DOX inhibited the enzyme in all the tissues when compared
with that of the rats in the group C. The inhibitory effects of
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DOX and morin on TrxR enzyme were statistically significant
in all the tissues (p<0.05). Moreover, the inhibitory effect
of DOX was higher than that of morin in the other tissues
except for the brain tissue (p<0.05). In the brain tissue, there
were no significant differences between the group M and D
in terms of the inhibition effect of DOX and morin on TrxR
enzyme (p<0.05, Figure 3).
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Figure 3. The effects of morin and DOX on TrxR enzyme activity
in different tissues (C: Control, M: Morin, D: Doxorubicin). Data
represent the means +S.E.M. of seven rats in each group. Results
were derived from one-way ANOVA followed by Tukey’s post hoc
test. Graphs (a—c) show significant (P<0.05) differences among
groups for each tissue.

4. DISCUSSION

Morin (3,5,7,2',4’-pentahydroxyflavone), a member of
the flavanol group, is a flavonoid isolated from members
of the Moraceae family and has been reported to have
many biological activities (30). In several studies, anti-
epileptic (31), neuroprotective (32), anti-inflammatory (33),
antioxidaznt (34), anti-fibrotic (35), anti-diabetic (36), anti-
arthritic (37) and anti-mutagenesis (38) effects of morin have
been reported. The anti-tumor effects of morin have been
discovered in a variety of cancers, especially in breast cancer

and leukemia. In addition, it has been shown that morin
is capable of promoting the apoptosis and inhibiting the
proliferation in prostate cancer cell line LNCaP (39). DOX, an
antibiotic of anthracycline group, is one of the most potent
broad-spectrum antitumor agents. DOX is widely used in the
treatment of cancer types such as solid tumor, leukemia, and
lymphoma (40,41). However, its clinical use is limited due to
its serious toxicity. In previous studies, it has been reported
that DOX can cause cardiotoxicity (42), hepatotoxicity (43),
pulmonary toxicity (44) and nephrotoxicity (45). The present
study was designed to investigate the effects of DOX, a
drug that is frequently used in chemotherapy, and morin, a
flavanol that is determined its biological activities by many
researchers, on the activities of CA, 6PGD and TrxR enzymes
which are important in the events of metabolism.

CAis an enzyme found in almost all cell types and subcellular
organelles, from unicellular cyanobacteria to mammals
(46). Carbonic anhydrase isoenzymes with 16 isoforms
in mammals are involved in numerous pathological and
physiological processes such as gluconeogenesis, lipogenesis,
tumor formation, and virulence of some pathogens (47). In
addition, it has recently been reported that CA inhibitors may
have potential to use as anti-obesity (48), anticancer (49)
and anti-infective (50) drugs as well as their roles as diuretic
and antiglaucoma drugs (47). In some studies, it has been
reported that the activation of CA enzyme may offer new
approaches to the treatment of Alzheimer’s disease (51).

According to the results of our study, the activity of CA
enzyme in the brain, heart and testis tissues of the rats was
significantly inhibited while CA enzyme in the liver tissues
of the rats was activated in the present of morin. As for the
kidney tissue, morin did not show any effect on CA enzyme.
In previous studies, the effects of morin on CA isoforms were
investigated under in vitro conditions and it was reported
that morin inhibited the enzyme isoforms |, II, Il and IV (52).
Some studies also indicated that taxifolin and naringenin,
which are some natural flavonoids, may inhibit CA-l and I
isoenzymes under in vitro or in vivo conditions (53,54). As will
be understood, our conclusions are in agreement with most
literary data obtained. Additionally, the liver tissue contains
a monooxygenase enzyme system in which endogenous and
exogenous compounds are metabolized (55). Thus, it can
be said that the metabolites have different effects on the
enzyme activity as a result of the metabolism of morin. When
the effects of DOX on the enzyme activity were examined, the
inhibition effect of DOX was similar to that of morin. It was
observed that DOX inhibited the enzyme activity in the other
tissues with the exception of the liver and kidney tissues. In
liver and kidney tissues, DOX increased CA enzyme activity.
Katzenmeyer et al. reported that 7-deoxydoxorubicinolone
and 7-deoxydoxorubicinone metabolites were found in the
liver tissues of the rats while doxorubicinol was the major
DOX metabolite in the plasma samples of the rats treated
with doxorubicin (56). Therefore, the effect of DOX on CA
enzyme activity may be different because of the different
metabolite concentrations in the different tissues. The
results from our research show that morin and DOX may
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have similar effects on CA enzyme activity in the brain, liver,
heart, and testis tissues.

6PGD is the third enzyme in the oxidative pentose phosphate
pathway. This pathway is involved in the redox balance and
rapid proliferation of cancer cells by connecting glycolysis to
the anabolic biosynthesis (57). 6PGD activation leads to redox
homeostasis, glycolysis, and anabolic biosynthesis, which are
advantageous for the survival and proliferation of tumor
cells (10,58). In addition, 6PGD activity has been reported
to increase in many cancers including colon, breast, cervical,
and thyroid cancers (59). The effects of some drugs on
certain enzymes of carbohydrate metabolism in MCF-7 cells
in culture have been investigated and it has been reported
that DOX activates the enzyme (60). Moreover, it has been
reported that 6PGD activity increases in anaplastic thyroid
carcinoma cell in response to doxorubicin which is the most
commonly used chemotherapeutic agent in patients with
anaplastic thyroid carcinoma, and cancer cells have been
reported to cause resistance to the drug. 6PGD inhibition has
been found to sensitize effectively the cells to doxorubicin
by eliminating this resistance (8). According to the results of
our study, it was observed that DOX activates the enzyme in
the kidney, liver, and heart tissues. Thus, it can be seen that
the cells are resistant to the effects of DOX through 6PGD
enzyme activation. Similarly, morin increased 6PGD enzyme
activity in all the tissues. Therefore, morin can help in the
development of resistance by increasing the activity of 6PGD
enzyme in DOX-exposed cells.

The cellular control of the thiol redox state is mainly exerted
by the thioredoxin and glutathione systems (61). The
thioredoxin system, which comprises TrxR, thioredoxin, and
NADPH, regulates crucial cell functions such as proliferation
and viability (62). It has been reported that TrxR and
thioredoxin expression have increased in some types of
cancer (63), indicating that the thioredoxin system may play
an important role in tumor formation and progression (64).
Thus, it has been reported that TrxR enzyme may serve as a
therapeutic target in the treatment of cancer. Furthermore,
it has been reported that mouse lung carcinoma cells return
to normal morphology as a result of reducing the expression
of TrxR enzyme. Besides, there have been a decrease in the
rate of proliferation and a decrease in the expression of
some proteins related to cancer (65). In our study, it was
determined that morin and DOX inhibited significantly TrxR
enzyme in all the tissues. In several studies, some researchers
have investigated the effects of DOX on TrxR enzyme in rats
and they have found that DOX can decrease the enzyme
activity in the skin (66). To the best of our knowledge, the
effect of morin on TrxR enzyme activity was determined
for the first time in this study. In conclusion, the present
study has demonstrated that morin might have anticancer
properties and one of the effective ways of DOX used in
cancer treatment might be TrxR inhibition.

5. CONCLUSION

Within the scope of the study, doxorubicin which is widely
used in the treatment of some cancers and morin, a
bioflavonoid, have been applied to rats. Changes in CA,
6PGD and TrxR activities, which are metabolically important
enzymes in brain, kidney, liver, heart, and testis tissues of
rats, were examined. The findings showed that doxorubicin
and morin had similar properties in the tissues as to their
effect on enzyme activities.
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