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Amacg

Dogal saghk urtnleri ve fonksiyonel gidalar, bircok
hastaligin dnlenmesi ve tedavisi i¢in tuketilmektedir.
Keten tohumu antikanser, antiviral, antibakteriyel ve
antifungal 6zelliklere sahip fonksiyonel gidalardan bi-
ridir. Yararl etkilerinin yani sira bilingsiz ve asiri tu-
ketilmesi toksik etkilere neden olabilmektedir. Bu ¢a-
ismada, farkli miktarlarda keten tohumu tiiketiminin
sican karacigeri Uzerindeki etkilerinin arastiriimasi
planlanmistir.

Gerec ve Yontem

Siganlar; her grupta 8 adet olarak; kontrol grubu ve
7 gln sireyle sirasiyla; 1.4, 2.8 ve 5.6 g/kg/gin ke-
ten tohumu verilen deney gruplari seklinde dort gruba
ayrilmistir. Deney sonunda doku ve kan drneklerinde
histolojik, imminohistokimyasal ve biyokimyasal ana-
lizler yapilmistir.

Bulgular

Serum AST, ALT ve ALP degerleri 5,6 g/kg keten to-
humu verilen grupta kontrol grubuna goére anlam-
Il olarak daha yuksek goézlendi (p degerleri 0.003,
0.012 ve 0.009). Albimin degerleri deney gruplarinda
kontrol grubuna gore anlamli olarak disik gozlendi

(p<0.05). TOS ve OSI kontrole gore tim deney grup-
larinda anlamli olarak artmis (p<0.05), TAS ise azal-
misti (p>0.05). Kontrol grubu ile deney gruplari ara-
sinda histopatolojik bulgular arasinda anlaml farklar
bulundu. Ozellikle 5.6 g/kg keten tohumu grubunda
tum gruplara gére daha fazla histopatolojik bulgulara
rastlandi. immiinohistokimyasal analizlerde, en fazla
boyama yogunlugu 5,6 g/kg keten tohumu grubunda
gOzlemlendi. En yuksek pozitif boyanmaya sirasiyla
NOX,, INOS, TNF-a ve IL-6 boyanmalarinda rastlandi.

Sonug

Asiri keten tohumu tiketiminin oksidatif stres ve toksi-
siteye bagli olarak karacigerde iltihaplanmaya neden
olabilecegi ve calismanin keten tohumu toksisitesi ile
ilgili diger calismalara katki saglayacagi distinilmek-
tedir.

Anahtar Kelimeler: Keten tohumu toksisitesi, Karaci-
ger toksisitesi, Sigan

Abstract

Objective

Natural health products and functional foods are
frequently consumed for the prevention and treatment
of many diseases. Flaxseed is one of the functional
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foods with anticancer, antiviral, antibacterial and anti-
fungal properties. In addition to its beneficial effects,
excessive consumption without considering the ap-
propriate dosage can cause toxic effects. In this study,
it was planned to investigate the effects of different
amounts of flaxseed consumption on rat liver.

Materials and Methods

Rats were randomly divided into four groups with 8
rats in each groups; control group and experimental
groups which given flaxseed for 7 days; 1.4, 2.8 and
5.6 g/kg/day, respectively. At the end of the experi-
ment, histological, immunohistochemical and bioche-
mical analyzes were performed on tissue and blood
samples.

Results

Serum AST, ALT and ALP values are significantly hig-
her in 5.6 g/kg of flaxseed compared to control group
(p values 0.003, 0.012 and 0.009, respectively). Al-

Introduction

Functional foods and health products are preferred
in many chronic diseases, from cancer to diabetes.
It has been observed that many plants, beneficially
contribute to diseases (1, 2). However, via the studies
conducted, herbal products are reported to be harm-
ful, and even generating toxic effects when consumed
unconsciously and in large quantities, regardless of
them being beneficial (3-5).

Flaxseed is often called functional food, bioactive food
and endocrine active food. Flaxseed, is rich in lino-
lenic acid and quality protein also the natural source
of phytochemicals such as flavonoid, phenolic acids,
vitamins, omega - 3 fatty acid, omega - 6 fatty acid,
a-linoleic acid, minerals such as calcium, magnesium,
phosphate, and large amounts of lignan content (5-7).
These ingredients has led flaxseed to be recognized
as a protective food against heart disease, diabetes,
various types of cancer, and many other chronic dis-
eases, and enabled it to be considered among the
functional foods (1, 6-9). Flaxseed contains harmful
chemicals as well as beneficial chemicals. Cyanogen-
ic glycoside and cadmium, which are a heavy metal,
are among the most important causes of poisoning
caused by flaxseed (4, 6, 10). The possible negative
effect of nutritional components in flaxseed is also
associated with the high amount of polyunsaturated
fatty acids (6). Therefore, high amounts of flaxseed
taken in a diet for a long time might increase the ox-
idative stress and cause a decrease in antioxidant
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bumin values were significantly lower in experimental
groups compared to the control group (p<0.05). TOS
and OSI increased significantly (p<0.05), TAS decre-
ased (p>0.05) in all experimental groups compared to
control. In histopathological findings, there was signi-
ficant difference in three groups compared to control
group, especially in 5.6 g/kg of flaxseed group com-
pared to others. As a result of immunohistochemical
analyzes, staining intensity of the receptors was hig-
hest in 5.6 g/kg of flaxseed group. The highest positi-
ve staining was observed respectively in NOX,, INOS,
TNF-a and IL-6.

Conclusion

These results show that excessive consumption of
flaxseed can cause oxidative stress and toxicity due
to inflammation in the liver and this study can helpful
other studies about flaxseed toxicity.

Keywords: Flaxseed toxicity, Liver Toxicity, Rat

compounds. In addition, flaxseed might have a toxic
effect due to the linamarin, linustatin and neolinustatin
it contains, and it is known that more than 100 mg can
be fatal for health (5).

While the majority of the studies on flaxseed were
based on its protective effect against toxicity (7, 11-
15), this study was conducted in order to observe
whether or not any toxicity occurred in the liver tissue
due to excessive consumption of flaxseed.

Materials And Methods

Experimental Animals

Thirty-two female Wistar Albino rats weighting 250-
300 g were used and were kept in cages under
standard humidity, light (12h light/12h darkness) and
temperature (22 £ 2°C) conditions during the 7 days.
The animals were provided unlimited access to water
and food. Study was approved by the Local Ethical
Committee of Experimental Animal Ethics of Suley-
man Demirel University (SDU) and was performed
entirely according to ethical rules (Protocol Number:
14.02.2019, 02/04).

Experimental Protocol
Rats were randomly divided into four groups with 8
rats in each groups.

Group I: Control, not receiving flaxseed
Group II: 1.4g/kg/day flaxseed, by gavage for 7 days
Group IlI: 2.8g/kg/day flaxseed, by gavage for 7 days



Group IV: 5.6g/kg/day flaxseed, by gavage for 7 days
(16).

Sample Collection And Preparation

After experimental process, anaesthesia was pro-
duced by using ketamine (90 mg/kg) and xylazine
(10 mg/kg) intraperitoneal. And then all animals were
sacrificed and blood samples and liver tissues were
obtained. Tissue samples were placed in 10% neu-
tral formalin then sectioning 3—4 pm thickness for
analyzes.

Collection Of Serum And Liver

Serum was separated from blood samples by centrif-
ugation at 3000g for 10 min and then stored at -20
°C until analysed. A 0.5 g portion of liver was homog-
enized on ice in 4.5 mL of phosphate buffer saline
(PBS, pH 7.0) and centrifuged at 150009 for 20 min.
The supernatant was collected and stored at -20 °C
for further analyses.

Biochemical Analysis

Blood Biochemical Markers Assay

The biochemical parameters (Activities of Aspartate
Aminotransferase (AST), Alanine Aminotransferase
(ALT), Alkaline Phosphatase (ALP) and Albumin
(ALB) in serum were measured on an automatic clin-
ical chemistry analyzer (Gesan chem 200, Italy) de-
vice in Veterinary Training Hospital of Mehmet Akif
Ersoy University.

Measurement of Total Antioxidant Status

Total Antioxidant Status (TAS) kits (Rel Assay Diag-
nostics kit, Mega Tip, Gaziantep, Turkey) using the
spectrophotometric protocol developed by Erel (17)
were applied to the tissue homogenates obtained
from all experimental groups. Antioxidants in the
sample cause the reduction of ABTS (2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid)) radicals
in the kit and cause the disappearance of the dark
blue-green color of ABTS. For this purpose, the total
antioxidant amount is determined by reading the ab-
sorbance of 660 nm in the spectrophotometer. This
analysis is calibrated with Trolox (Vit E analogue), a
stable antioxidant solution, and expressed as Trolox
equivalent (mmol Trolox Equiv/L).

Measurement of Total Oxidant Status

The total oxidant status (TOS) of the tissue homoge-
nates obtained from all experimental groups were
measured using Rel Assay Kit which spectrophoto-
metric protocol developed by Erel (18). This test is
a colorimetric method that is measured spectropho-
tometrically at 530 nm. Oxidants in the sample oxi-
dize the iron ion chelating complex. Ferric ion forms
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a chromogenic colored complex in an acidic environ-
ment. The intensity of the color is directly proportional
to the amount of oxidant in the sample. This assay
is calibrated with H,O, and the results are shown as
H,O, equivalent (umol H,O, Equiv/L).

Measurement of Oxidative Stress Index

The TOS to TAS ratio was regarded as the oxidative
stress index (OSI) which is an indicator parameter of
the degree of oxidative stress. The OSl value was cal-
culated as follows:

OSI(AU) =[(TOS, micromoles H,0, equivalent per L)/
(TAS, micromoles Trolox equivalent per liter)] (19).

Histochemical Procedure

The liver tissues were washed in water over night
then fixation in 10% neutral formalin. Samples were
dehydrated in ethanol (50-60-70-80-90-100%), made
transparentinxylol and embedded into paraffin. Sam-
ples were sectioned by using a sliding microtome
(Leica SM2000R, Germany) from the prepared par-
affin blocks and stained by Hematoxylin—Eosin (H-E)
than covered with entellan. Later, the histopathologi-
cal findings were observed in tissue samples belong-
ing to the all groups were analysed and evaluated.

Immunohistochemical Procedure

Tissues of 3—4um thicknesses were obtained and
were stained with NOX, primary ab (rabbit anti-NOX,
antibody, Abcam, Cambridge, USA), iINOS primary
ab (rabbit anti-iNOS antibody, Abcam, Cambridge,
USA), TNF-a primery ab (rabbit anti-TNF-a antibody,
Abcam, Cambridge, USA), IL-6 primary ab (rabbit an-
ti-IL-6-antibody, Abcam, Cambridge, USA) and were
covered with entellan. Next, the liver tissue samples
were analysed and evaluated and the receptor densi-
ties observed were identified using the semi-quantita-
tive evaluation method (20).

Statistical Analysis

Data were analyzed using SPSS 18 software. One-
way analysis of variance and Dunnett’s two-tailed post
hoc t test were employed to evaluate the statistical
significance of differences between the control and
experimental groups. Data are presented as mean
+ standard error of mean or standard deviation, as
appropriate, and at least in triplicate. All results were
considered significant at p<0.05.

Results
Biochemical Results

Serum AST, ALT and ALP values, which are used clin-
ically to determine the degree of liver damage, were
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evaluated compared to the control. AST and ALT val-
ues were higher in group Il, lll and IV compared to the
control group, but significantly higher in Group IV (re-
spectively p= 0.003, p=0.012) and ALP values were
higher in Group Il, 1ll and IV compared to the control,
but significantly higher in Group Ill and IV (p= 0.018
and 0.009, respectively) (Table 1). ALB is a plasma
protein synthesized in the liver and low levels of albu-
min suggest underlying liver damage. Albumin values
were no significantly lower between in Group Il, lll and
IV, but significantly lower in experimental groups com-
pared to the control (p>0.05).

TOS, which is an indicator of oxidation products, sig-
nificantly increased in all groups compared to the con-
trol group (p<0.0001 in all groups), (Fig 1). TAS, the
measure of antioxidant capacity, insignificantly de-
creased in all groups compared to the control group
(p>0.05), (Fig 2). OSl is an indicator of oxidant activity
and significantly increased in all groups compared to
control (p=0.0001, 0.001 and 0.0001, respectively),

(Fig 3).
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Figure 1
Comparison of total oxidant status (TOS) in groups
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Histopathological Results

Normal histological structures were observed in the
control group (Fig. 4a-b). When the experimental
groups (group lI-11I-1V) were compared with the control
group significantly changes such as; granular and vac-
uolar degeneration in hepatocytes, sinusodal dilatation,
picnotic nucleus, vascular congestion, mononuclear
cellinfiltration, micro vesicular steatosis were observed,
(Fig. 4c-d-e-f-g-h), (Table 2). Significant histological
structural changes were higher in group IV compared to
group Il and I, (Fig. 4c-d-e-f-g-h).

Histological structural and immunohistachemical
staining changes were compared with using the
semi-qualitative method. Acording to this;

( -) (negative score): No structural changes and no
staining

(+) (1 positive score): Light structural changes and
light staining

( ++ ) (2 positive score): Middle structural changes
and middle staining

( +++) (3 positive score): Serious structural changes
and serious staining (Table 2).

Immunohistochemical Results

It was observed that the NOX4, TNF-a, INOS and
IL-6 receptors in the centrilobular areas of the liver
sections were stained very lightly in the control group
(Fig.5, Table 3), on the other hand, they were more
clearly stained in the experimental groups compared
to the control group, (Fig 5, Table 3).

The staining intensity of the receptors is highest in
group IV, while less and same in group Il and Ill, (Fig.
5, Table 3).

In the comparison of NOX4, iNOS, TNF-a and IL-6
receptor staining in all groups, the highest positive
staining was found as NOX4, iNOS, TNF-a, and IL-6,
respectively.

Table 1 Changes in the levels of ALT, AST, ALP and total ALB in serum of rats treated with differnt flaxseed

Groups AST (UIl) ALT (UM ALP(UN) ALB (g/dI)
Group | 75.27+10.12 23.71#10.17 91.12+31.19 3.6240.25
Group II 79.3121.93 26.65+5.89 116.75+30.71 3.41%0.38
Group III 77.67+24.69 30.45+4.78 140.00456.00* 3.49£0.31
Group IV 119.00+39.85* 39.91+18.94* 145.12+30.89* 3.4420.41

The values represent the mean+SD for eight rats per group. Statistical significance compared to Group I-Control (C).*
p < 0.05 was considered statistically significant
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Table 2 Average scoring of structural changes between groups

(SIFITIIED AT Picnotic Micro
Groups Vacuolar Sinusoidal Nucleus Vascular Mononuclear R
P Degeneration in Dilatation Congestion | Cell Infiltration Steatosis
Hepatocytes
Group | = = = = = =
Group Il +/++ +/++ +/++ +/++ ++ +
Group Il ++ ++ +/++ ++ ++ +
Group IV +++ +++ ++ ++ +++ +
Table 3 Average scoring of staining NOX,, TNF- a, iINOS, IL-6 between groups
GROUP | GROUP Il GROUP III GROUP IV
NOX4 -+ +/++ +/++ +++
TNF-a -1+ +/++ +/++ +++
iNOS -1+ +/++ +/++ +++
IL-6 -1+ + + +
TAS (mmol/L
(mmol/L) oSl (AU)
16
6 &
14 -
1,2 - Y
1,0 - 4 -
0,8 - 1
o =TAS (mmol/L) 3 = 08! (AU)
, 5 |
0,4 -
i
0,0 - T 0 A : .
Group | Group i Group il Group IV Group | Group I Group Il Group IV
Figure 2 Figure 3
Comparison of total antioxidant status (TAS) in groups Comparison of oxidative stress index (OSI) in groups
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Figure 4

Histopathological findings in liver tissue belonging to con-
trol and experimental groups: a—b: control group (group 1);
no histopathological findings were found. c-d: group given
1.4 g/kg flaxseed (group Il) and e-f: group given 2.8 g/kg
flaxseed (group Il1); histopathological findings were found
compared to the control group and there was no damage
difference between the two groups. g—h: group given 5.6
g/kg flaxseed (group 1V); the most damage was observed
in this group. Red arrows; picnotic nucleus, black arrows;
sinusodal dilatation, yellow arrows; mononuclear cell infil-
tration, blue arrows; vacuolar degeneration in hepatocytes,
blue stars; vascular congestion, a-c-e-g, H-E x20, b-d-f-h,
H-E x40.

Group Il Group I Group IV

af vl

Figure 5

NOX4, TNF-a, iNOS, IL-6 immune stainings in liver tissue in control and experimental
groups. a-b-c-d: NOX4, al-b1-c1-d1: TNF-q, a2-c2-d2: iINOS, a3-b3-d3: IL-6. No positive
staining in control group (group 1) with NOX,, TNF-a, iNOS, IL-6 was detected a-al-a2-a3.
While mild stainings in group Il and group Il with NOX4, TNF-qa, iNOS were observed, no
positive staining with IL-6 was observed b-b1-b2-b3,c-c1-c2-c3. Intensive staining in group
IV with NOX4, TNF-a, INOS were observed, while no positive staining with IL-6 was ob-
served d-d1-d2-d3, immune staining x40.
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Discussion

In addition to the curative effects of herbs, which are
indispensable and the most important parts of Alter-
native and Complementary Medicine, the existence
of its negative effects causing organ damage is also
known. Therefore, studies have started to be carried
out on the damages that may occur (1-5). In this
study, was aimed to evaluate the effects of different
doses of flaxseed on rat liver by histochemical, immu-
nohistochemical and biochemical analysis.

Flaxseed is known one of functional foods and has
lots of benefical properties such a; anticancer, antivi-
ral, antibacterial, antifungal. The negative health ef-
fects of phytoestrogens and toxic compounds in flax-
seed content cannot be neglected. Flax seeds contain
inhibitors such as trypsin, phytic acid, cadmium and
cyanogenic glycosides (21). It is known that trypsin
inhibitors in the diet reduce the growth in animals by
reducing the digestion and thus absorption of pro-
teins by inhibiting proteases (22). Phytic acid, with
its strong chelating potential, reduces the absorption
of minerals in the intestines and can prevent the di-
gestion of proteins (23). Flaxseed may causes tox-
ic effect after its excessive consumption due to the
harmful chemicals like as cyanogenic glycoside and
cadmium. Studies have shown that cadmium causes
acute hepatotoxicity by binding to sulfhydryl groups in
mitochondria, and then activates thiol groups through
either oxidative damage or inflammation caused by
increased cytokines (24-26). In studies on the toxicity
of cadmium, it has been shown that the serum he-
patic marker enzymes AST, ALT and ALP activities
are increased. Hydrogen cyanide toxicity occurs as
a result of enzymatic destruction of cyanogenic gly-
cosides contained in plants such as flaxseed (27-30).
The elevation of hepatic markers is also notable in the
hepatotoxicity study conducted with linamarin, which
is a cyanogenic glycosides (31).

In present study, it was observed that compared to
the control group, the levels of AST, ALT and ALP in-
creased due to the increase in the amount of flaxseed
given to the groups. In study which carried out by
Uzunhisarcikli and Kalender, reported that the amount
of albumin decreased in the rats in which they created
hepatotoxicity by methyl parathion (32). In this study,
it was observed that the amount of albumin decreased
in parallel with the literature.

Studies have shown that in rats treated with cadmium,
the balance of prooxidant / antioxidant was disrupt-
ed, lipid peroxidation increased, and total antioxidant
capacity decreased (28, 29). Cyanide hepatotoxicity
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increases oxidation with a similar effect to cadmium
while reducing the antioxidant parameters (33). It's
known that while reactive oxygen species (ROS) are
produced in metabolic and physiological processes,
harmful oxidative reactions can occur in organisms
that remove them through enzymatic and non-enzy-
matic antioxidative mechanisms (29-31). Compared
to the control group in this study, the increase in TOS
levels and oxidative stress index due to the decrease
in TAS levels support the presence of toxic effects.

A study by Zarepoor and et al. showed that flaxseed
exacerbates the damage to the colon mucosa, which
is caused by cadmium and cyanogenic glycoside de-
tected in flaxseed (3). In a study by Khan et al. investi-
gating the toxicity of flaxseed on mice during pregnan-
cy and lactation, they observed an increase in breast
tumors in offspring and attributed the cause to detect-
able levels of heavy metal cadmium in flaxseed (4).

In studies on liver damage; it was found that TNF-a
and IL-6 stained strongly positively as a result of
increased inflammation, while INOS and NOX4 re-
ceptors were strongly positively stained as a result
of increased oxidative stress and inflammation (34-
39). Similarly, immuno-stainings were performed with
NOX,, iNOS, TNF-a, and IL-6 in order to observe
whether or not the flaxseed caused inflammation and
oxidative stress in the liver.

Many mechanisms, such as the release of proinflam-
matory cytokines and enzymes from kupffer cells,
play a role in liver damage and the formation of the in-
flammatory response. The proinflammatory cytokines
can also manifest their effects through inducing the
iINOS release, which produces NO from many cell
types (40, 41).

In the study carried out by Faty andet al., they ob-
served an increase in TNF-a and IL-6, and in parallel
to that, subsequently in iINOS in case of liver damage.
Moreover, proinflammatory cytokines produced after
stress were also shown to play a role in the increase
of INOS (41).

In another study conducted by Nascimento and et al.,
it was observed that flaxseed oil and extra virgin oil
had undesirable side effects on ulcerative colitis dis-
ease, TNF-q, IL-6, and INOS values increased (42).
In this study, according to the immunohistochemical
evaluations of the experiental groups to which flax-
seed is over-given (group Il — Il - 1V), the highest
immunopositive staining was observed respectively
in NOX4, INOS, TNF-a, and IL-6. As a result of the
increase of NOX, related to oxidative stress and the
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increase of inflammatory cytokines (TNF-a and IL-6),
more positive staining was observed in iINOS value
than expected. When the groups that were given flax-
seed were compared, oxidative stress and inflamma-
tion were observed to be highest in group 1V, and then
equally in group Il and group lll. In the comparisons
of damage in experimental groups, results parallel to
immunohistochemical stainings were also found in
Hematoxiclen-Eosin stainings.

Conclusion

In this study, it was shown that the flaxseed, which
has a protective effect on organ damage at appro-
priate doses, may also be a toxic on liver when con-
sumed in excessive amounts. The consumption of
flaxseeds in the habitual diet does not present a risk
of poisoning to consumers, as excessive amounts
of flaxseeds will be required to provide the content
that is considered toxic to the organism. In addition,
previous studies have shown that toxicity is caused
by cadmium or cyanogenic glycosides and hepatic
markers are increased for this reason, which led us
to comment in this sense. The use of large amounts
of flaxseed resulted in an increase in oxidative stress
and inflammation in the liver. In order to fully under-
stand the mechanism of action of damage caused by
flaxseed, it would be useful to do new studies on dif-
ferent paths.

References

1. Adolphe JL, Whiting SJ, Juurlink BH, Thorpe LU, Alcorn J. He-
alth effects with consumption of the flax lignan secoisolariciresi-
nol diglucoside. British Journal of Nutrition. 2010;103(7):929-38.

2. Schmidt TJ, Klaes M, Sendker J. Lignans in seeds of Linum
species. Phytochemistry. 2012;82:89-99.

3. Zarepoor L, Lu JT, Zhang C, Wu W, Lepp D, Robinson L, et al.
Dietary flaxseed intake exacerbates acute colonic mucosal in-
jury and inflammation induced by dextran sodium sulfate. Ame-
rican Journal of Physiology-Gastrointestinal and Liver Physio-
logy. 2014;306(12):G1042-G55.

4. Khan G, Penttinen P, Cabanes A, Foxworth A, Chezek A, Mast-
ropole K, et al. Maternal flaxseed diet during pregnancy or
lactation increases female rat offspring's susceptibility to car-
cinogen-induced mammary tumorigenesis. Reproductive Toxi-
cology. 2007;23(3):397-406.

5. BernacchiaR, Preti R, Vinci G. Chemical composition and health
benefits of flaxseed. Austin J Nutri Food Sci. 2014;2(8):1045.

6. Dzuvor CKO, Taylor JT, Acquah C, Pan S, Agyei D. Biopro-
cessing of functional ingredients from flaxseed. Molecules.
2018;23(10):2444.

7. Parikh M, Maddaford TG, Austria JA, Aliani M, Netticadan T,
Pierce GN. Dietary flaxseed as a strategy for improving human
health. Nutrients. 2019;11(5):1171.

8. Chung M, Lei B, Li-Chan E. Isolation and structural charac-
terization of the major protein fraction from NorMan flaxseed
(Linum usitatissimum L.). Food chemistry. 2005;90(1-2):271-9.

9. Klotzbach-Shimomura K. Functional foods: The role of physi-
ologically active compounds in relation to disease. Topics in
Clinical Nutrition. 2001;16(2):68-78.

340

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

High Dose of Flaxseed May Cause Toxicity On Liver

Bekhit AE-DA, Shavandi A, Jodjaja T, Birch J, Teh S, Mohamed
Ahmed IA, et al. Flaxseed: Composition, detoxification, utilizati-
on, and opportunities. Biocatalysis and Agricultural Biotechno-
logy. 2018;13:129-52.

Kamali M, Bahmanpour S. Protective Effects of Flax Seed
(Linum Usitatissimum) Hydroalcoholic Extract on Fetus Brain
in Aged and Young Mice. Iranian journal of medical sciences.
2016;41(3 Suppl):S51.

Pilar B, Giillich A, Oliveira P, Stréher D, Piccoli J, Manfredini V.
Protective role of flaxseed oil and flaxseed lignan secoisolari-
ciresinol diglucoside against oxidative stress in rats with meta-
bolic syndrome. Journal of food science. 2017;82(12):3029-36.
Kezimana P, Dmitriev AA, Kudryavtseva AV, Romanova EV,
Melnikova NV. Secoisolariciresinol diglucoside of flaxseed and
its metabolites: Biosynthesis and potential for nutraceuticals.
Frontiers in genetics. 2018;9:641.

Pourjafari F, Haghpanah T, Sharififar F, Nematollahi-Mahani
SN, Afgar A, Karam GA, et al. Protective effects of hydro-al-
coholic extract of foeniculum vulgare and linum usitatissimum
on ovarian follicle reserve in the first-generation mouse pups.
Heliyon. 2019;5(10):e02540.

Abidi A, Kourda N, Feki M, Ben Khamsa S. Protective effect
of Tunisian flaxseed oil against bleomycin-induced pulmonary
fibrosis in rats. Nutrition and Cancer. 2020;72(2):226-38.
Food, Administration D. Estimating the safe starting dose in
clinical trials for therapeutics in adult healthy volunteers. Ro-
ckville, Maryland, USA: US: Food and Drug Administration.
2005.

Erel O. A novel automated direct measurement method for total
antioxidant capacity using a new generation, more stable ABTS
radical cation. Clinical biochemistry. 2004;37(4):277-85.

Erel O. A new automated colorimetric method for measuring to-
tal oxidant status. Clinical biochemistry. 2005;38(12):1103-11.
Kosecik M, Erel O, Sevinc E, Selek S. Increased oxidative
stress in children exposed to passive smoking. International
journal of cardiology. 2005;100(1):61-4.

Refaiy A, Muhammad E, ElGanainy E. Semiquantitative smoot-
helin expression in detection of muscle invasion in transurethral
resection and cystectomy specimens in cases of urinary blad-
der carcinoma. African Journal of Urology. 2011;17(1).
Cardoso Carraro JC, Dantas MIdS, Espeschit ACR, Martino
HSD, Ribeiro SMR. Flaxseed and human health: reviewing
benefits and adverse effects. Food Reviews International.
2012;28(2):203-30.

Carvalho F, Lima VC, Costa IS, Medeiros AF, Serquiz AC, Lima
MC, et al. A trypsin inhibitor from tamarind reduces food intake
and improves inflammatory status in rats with metabolic synd-
rome regardless of weight loss. Nutrients. 2016;8(10):544.
SAT iG, KELES F. Fitik asit ve beslenmeye etkisi. GIDA.
2004;29(6):405-9.

Rikans LE, Yamano T. Mechanisms of cadmium-mediated acu-
te hepatotoxicity. Journal of biochemical and molecular toxico-
logy. 2000;14(2):110-7.

Amamou F, Nemmiche S, kaouthar Meziane R, Didi A, Yazit
SM, Chabane-Sari D. Protective effect of olive oil and colocy-
nth oil against cadmium-induced oxidative stress in the liver of
Wistar rats. Food and Chemical Toxicology. 2015;78:177-84.
Liu L, Tao R, Huang J, He X, Qu L, Jin Y, et al. Hepatic oxida-
tive stress and inflammatory responses with cadmium exposu-
re in male mice. Environmental toxicology and pharmacology.
2015;39(1):229-36.

Renugadevi J, Prabu SM. Cadmium-induced hepatotoxicity in
rats and the protective effect of naringenin. Experimental and
Toxicologic Pathology. 2010;62(2):171-81.

Kaur G, Shivanandappa TB, Kumar M, Kushwah AS. Fumaric
acid protect the cadmium-induced hepatotoxicity in rats: owing
to its antioxidant, anti-inflammatory action and aid in recast the
liver function. Naunyn-schmiedeberg's Archives of Pharmaco-
logy. 2020.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Omidifar N, Nili-Ahmadabadi A, Gholami A, Dastan D, Ahmadi-
moghaddam D, Nili-Ahmadabadi H. Biochemical and Histologi-
cal Evidence on the Protective Effects of Allium hirtifolium Boiss
(Persian Shallot) as an Herbal Supplement in Cadmium-Indu-
ced Hepatotoxicity. Evidence-Based Complementary and Alter-
native Medicine. 2020;2020.

Shahidi F, Wanasundara P. Cyanogenic glycosides of flaxsee-
ds. ACS Publications; 1997.

Osoteku OA, Alabi MA, Kareem FA, Olugbemi SA. Hepatotoxi-
city studies of linamarin in low protein diet. IJESI. 2013;2:8-13.
Uzunhisarcikli M, Kalender Y. Protective effects of vitamins C
and E against hepatotoxicity induced by methyl parathion in rats.
Ecotoxicology and environmental safety. 2011;74(7):2112-8.
Satpute R, Bhutia Y, Lomash V, Bhattacharya R. Efficacy as-
sessment of co-treated alpha-ketoglutarate and N-acetyl cyste-
ine against the subchronic toxicity of cyanide in rats. Toxicology
and industrial health. 2019;35(6):410-23.

Domitrovi¢ R, Jakovac H, Blagojevi¢ G. Hepatoprotective ac-
tivity of berberine is mediated by inhibition of TNF-a, COX-2,
and iINOS expression in CCl4-intoxicated mice. Toxicology.
2011;280(1):33-43.

Devkar ST, Kandhare AD, Zanwar AA, Jagtap SD, Katyare
SS, Bodhankar SL, et al. Hepatoprotective effect of withanoli-
de-rich fraction in acetaminophen-intoxicated rat: decisive role
of TNF-a, IL-1B, COX-II and iNOS. Pharmaceutical Biology.
2016;54(11):2394-403.

Tahir M, Rehman MU, Lateef A, Khan R, Khan AQ, Qamar W, et
al. Diosmin protects against ethanol-induced hepatic injury via
alleviation of inflammation and regulation of TNF-a and NF-kB
activation. Alcohol. 2013;47(2):131-9.

Umesalma S, Sudhandiran G. Differential inhibitory effects of
the polyphenol ellagic acid on inflammatory mediators NF-kB,
iINOS, COX-2, TNF-a, and IL-6 in 1, 2-dimethylhydrazine-indu-
ced rat colon carcinogenesis. Basic & clinical pharmacology &
toxicology. 2010;107(2):650-5.

Tanaka Y, Kaibori M, Miki H, Nakatake R, Tokuhara K, Nis-
hizawa M, et al. Alpha-lipoic acid exerts a liver-protective ef-
fect in acute liver injury rats. Journal of Surgical Research.
2015;193(2):675-83.

Radwan RR, Mohamed HA. Nigella sativa oil modulates the
therapeutic efficacy of mesenchymal stem cells against liver
injury in irradiated rats. Journal of Photochemistry and Photobi-
ology B: Biology. 2018;178:447-56.

Fathy M, Khalifa EMMA, Fawzy MA. Modulation of inducible
nitric oxide synthase pathway by eugenol and telmisartan in
carbon tetrachloride-induced liver injury in rats. Life Sciences.
2019;216:207-14.

Todorovi¢ N, Tomanovi¢ N, Gass P, Filipovi¢ D. Olanzapine mo-
dulation of hepatic oxidative stress and inflammation in socially
isolated rats. European Journal of Pharmaceutical Sciences.
2016;81:94-102.

de Paula do Nascimento R, Lima AV, Oyama LM, Paiotti APR,
Cardili L, Martinez CAR, et al. Extra virgin olive oil and flaxseed
oil have no preventive effects on DSS-induced acute ulcerative
colitis. Nutrition. 2020;74:110731.

Siileyman Demirel Universitesi Tip Fakiiltesi Dergisi

341



