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Introduction

ABSTRACT. Whereas strong antioxidant properties of spermine have been
reported mostly in in vitro studies, there is lack of the in vivo studies on
spermine influence conducted on mammals. The main objective of this study
was to investigate the effects of different doses of spermine and the period
of its supplementation on the liver and spleen antioxidant capacity in weaned
rats. Male Sprague-Dawley rats at the age of 19 days received intragastrically
spermine at the dose of 0.2 or 0.4 ymol - g™ body weight for 3 or 7 days,
respectively. Control rats received saline in analogical way. It was found that
liver anti-superoxide anion (ASA) capacity, catalase (CAT) activity, glutathione
(GSH) content and total antioxidant capacity (T-AOC) were increased in group
supplemented with higher dose of spermine after 3 days, and anti-hydroxy
radical (AHR) capacity was increased when treatment lasted for 7 days. In the
spleen the higher spermine dose supplementation increased ASA capacity and
total superoxide dismutase (T-SOD) activity (after 3 and 7 days), AHR capacity
(after 7 days) and T-AOC (after 3 days) in comparison to the corresponding
control groups (P < 0.05). Only in the spleen the lower spermine dose reduced
lipid peroxidation level and increased CAT activity and GSH content regardless
treatment duration (P < 0.05). The obtained results suggest that spermine
supplementation can improve the antioxidant properties of the liver and spleen
of weaned rats in a dose-, time- and tissue-dependent manner.

mucosal barrier functions, increasing metabolic
disorders and increasing the frequency of diarrhoea

While weaning is frequently adopted in animal
agriculture to improve economic profit all over the
world, the practice presents several problems at the
same time. Numerous biological stress responses
are evoked by maternal and littermate separations,
abrupt changes in society, and environmental
changes associated with weaning (Moeser et al.,
2007). Weaning stress can contribute to intestinal
and immune system dysfunctions by impairing

incidence (Zhu et al., 2012; Campbell et al., 2013).
Previous study showed that weaning can lead to
enhanced oxidative stress, which can cause organ-
and pathway-specific toxicity associated with such
processes as altered membrane permeability and
enhanced apoptosis; oxidative stress also decreases
antioxidant defense capacity of the whole organism
(Zhu et al., 2012). It was observed that addition of
certain bioactive substances (e.g., glutamine and
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herbal additives) into animal feed is an effective
approach to reduce oxidative stress induced by
weaning.

It is well-known that spermine can be found
in the cells of all living organisms as polymer-
ic aliphatic cation of low-molecular weight. It is
a necessary regulatory amine for synthesizing pro-
teins and nucleic acids in the animal body; it is also an
essential natural intracellular molecule for cell growth
and proliferation. Furthermore, spermine contributes
to accelerating immune response, preventing oxygen
toxicity, mitigating intestinal dysfunction, interacting
with numerous intracellular messengers, controlling
cell membrane transport and calcium-related signal
transduction (Pegg, 2014). Supplementation with
appropriate doses of spermine can counteract meta-
bolic consequences and mitigate oxidative injury
in weaned rats (Liu et al., 2014), as well as play an
important role in promoting gut maturation. Sperm-
ine-induced effects in guts can be associated with
morphological and physiological alterations, such
as weight and length enhancement, villus increase,
crypt depth decrease, enzymes activities enhance-
ment/decrease and macromolecular metabolism im-
provement (Cao et al., 2015; Liu et al., 2015; Fang
et al., 2016). Moreover, spermine was reported to be
a free radical scavenger, so it can protect mammalian
cells from reactive oxygen species (ROS) in vitro (Ha
et al., 1998) and improve the antioxidant capacity of
the suckling animals serum or duodenum (Cao et al.,
2015; Fang et al., 2016). However, there is no infor-
mation about the relationship between spermine and
the antioxidant capacity of weaned animal liver and
spleen in vivo.

The liver is the primary detoxifying organ of the
body, so it possesses a high metabolic rate connected
with high free radical generation, which makes liver
particularly vulnerable to the oxidative stress damage.
Therefore, maintaining the antioxidant defence system
oftheliveris very important for preserving good health
status. The spleen, on the other hand, is the largest
secondary immune organ in the body and is mainly in
charge of forming antibodies, differentiating B cells,
participating in immune responses, filtering aging
erythrocytes, storing blood and initiating immune
reactions to blood-borne antigens. In general, animal
disease resistance is related to the immune responses
of immune organs. Thus, the normal structure and
functioning of immune organs are related to animal
immunity. Oxidative injury caused by oxidative
stress often leads to alteration in the structure and
functioning of numerous organs. Hence, maintaining
the normal antioxidant status of the spleen and liver is

important. As such, further investigation of the effects
of different doses of spermine on the antioxidant
properties of the liver and spleen is necessary.

This study is a part of a larger study focused on
the metabolomic effects of spermine against weaning
stress (Liu et al., 2014). The objective of this study
was to investigate the effects of different doses of
spermine and treatment period on the antioxidant
status of the liver and spleen in weaned rats. The
obtained results can provide a theoretical basis for
spermine development as a weaning stress-resistant
component in animal feeds.

Material and methods

Animal experiment and sample collection

The protocol of this study was approved by the
Care and Use of Laboratory Animals of Sichuan
Agricultural University (China), and was conducted
in accordance with the Guide for the Care and Use
of Laboratory Animals of the National Research
Council. All rats were placed in individual metabolic
cages and acclimatized to experimental conditions
1 day before the start of the experiment. In total
36 weaned male Sprague-Dawley (SD) rats
(Dossy Experimental Animals Co., Ltd., Chengdu,
China) aging 19 days and weighing 38-45 g were
randomly assigned to 6 experimental groups
(i.e. C-3, C-7, S0.2-3, S0.2-7, S0.4-3, S0.4-7),
6 animals in each. Two levels of spermine (0.2 and
0.4 pmol - g!' body weight; Sigma Chemical Co.,
St. Louis, MO, USA) or physiological saline (in
control groups) were intragastrically administered
using sterile gavage-probe once a day for 3 or
7 days. Rats had ad libitum access to feed and water.
Throughout the experiment, the temperature ranged
from 22 °C to 25 °C, humidity — from 50% to 70%,
and 12:12 light:dark cycle was maintained. Weaned
SD rats were anesthetized with ether 48 h after the
last spermine application. Liver and spleen samples
were quickly removed, frozen in liquid nitrogen, and
stored at —80 °C until further analyses. The spermine
doses and duration of spermine administration in
this trial were determined on the basis of previous
studies (Deloyer et al., 2005; Liu et al., 2014).

Tissue samples preparation

Tissue sample preparation was performed ac-
cording to Zhang et al. (2008). Livers and spleens
were rapidly thawed, and ice-cold normal saline
was mixed with the samples at a ratio of 9:1 (v/v).
The mixture was kept at 4 °C and then centrifuged
at 4000 g for 15 min at 4 °C to collect supernatant.
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Detection of lipid peroxidation

Malondialdehyde (MDA) content was detected
as described by Livingstone et al. (1990) and was
measured by using thiobarbituric acid reaction di-
agnostic kit according to manufacturer instruction
(A003-1, Nanjing Jiancheng Biological Engineering
Institute, Nanjing, China). The reaction is based on
thiobarbituric acid reaction with MDA resulting in
a red product featuring absorbance at 532 nm. MDA
results are expressed as nmol - mg-! protein, and the
protein concentration of tissue samples was ana-
lysed according to Bradford (1976).

Detection of O,” and OH -scavenging
abilities

Methods to determine anti-superoxide anion
(ASA) capacity (O, -scavenging ability) and anti-
hydroxyl radical (AHR) capacity (OH -scavenging
ability) followed the protocol of Jiang et al. (2009).
ASA capacity was determined using the Superoxide
Anion Free Radical Detection Kit (A052, Nanjing
Jiancheng Biological Engineering Institute, Nan-
jing, China). O,” was generated by the reaction of
xanthine and xanthine oxidase. After addition of
the electron acceptor, a colouration was developed
using the Griess reagent. The colouration degree is
directly proportional to the amount of superoxide an-
ion in the sample. Tissue ASA ability is expressed as
U - g'protein; here, one unit is the quantity of super-
oxide anion free radicals scavenged within 40 min
per g of tissue protein, which is equal to each g of vi-
tamin C-scavenging under the same condition. AHR
capacity was determined using the Hydroxyl Free
Radical Detection Kit (A018, Nanjing Jiancheng Bi-
ological Engineering Institute, Nanjing, China). OH"
was generated on the basis of the Fenton reaction
(Fe*"+ HO, — Fe’*+ OH + OH). After addition
of the electron acceptor, a colouration reaction was
developed using the Griess reagent. The coloura-
tion degree is directly proportional to the quantity
of hydroxyl radicals in the reaction. Tissue AHR
capacity is expressed in U - mg™' protein; here,
one unit is defined as the amount that decreases
1 mmol - I H O, within 1 min per mg of tissue
protein.

Antioxidant enzymes activity assay

Total superoxide dismutase (T-SOD) activity was
determined according to the instruction of T-SOD test
kit (A001-1, Nanjing Jiancheng Biological Engineer-
ing Institute, Nanjing, China). Tissue T-SOD activity
is expressed as U - mg ! protein; here, one unit means

50% inhibition of nitric ion production by SOD.
Catalase (CAT) activity was assayed in accordance
to the method described by Aebi (1984) and op-
erating process followed the instruction of CAT
measurement kit (A007-1, Nanjing Jiancheng Bio-
logical Engineering Institute, Nanjing, China). CAT
activity is expressed in U - mg™' protein. Here,
one unit is defined as the quantity that decreased
1 mmol - 1" H,O, within 1 s per mg of tissue
protein.

GSH content analysis

Glutathione (GSH) content in tissues homo-
genates was measured in terms of formation of
5-thio-2-nitrobenzoate detected spectrophotomet-
rically at 412 nm (Vardi et al., 2008) according to
the instruction of GSH assay kit (A006-1, Nanjing
Jiancheng Biological Engineering Institute, Nan-
jing, China). GSH content in the extract was ex-
pressed in mg - g ! protein using commercial GSH as
a standard.

Total antioxidant capacity measurement

Total antioxidant capacity (T-AOC) activity was
estimated by using T-AOC detection kit according to
manufacturer instruction (A015, Nanjing Jiancheng
Biological Engineering Institute, Nanjing, China)
and assay method according to the colorimetric tech-
nique as described by Benzie and Strain (1996). All
endogenous antioxidants of the body were able to re-
duce Fe* to Fe?', and the latter can develop coloured
and stable chelates when combined with phenanthro-
line. T-AOC is represented as U - mg ! protein; here,
one unit of T-AOC is defined as the absorbance value
that increases by 0.01 within 1 min per mg of tissue
protein.

Statistical analysis

All experimental data were subjected to two-
way analysis of variance (ANOVA) using the gen-
eral linear model procedure of SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA) with previous check-
ing of ANOVA assumptions about normality and ho-
mogeneity of variances using Shapiro—Wilk’s W-test
and Levene’s test, respectively. The main effects of
the obtained model included: spermine level (0, 0.2,
0.4 umol - g! body weight) and treatment duration
(3 or 7 days). Statistical differences between exam-
ined groups were deter-mined using the Duncan’s
multiple range. The differences were considered sta-
tistically significant at P < 0.05. All results are pre-
sented as mean value + standard error.
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Results

Lipid peroxidation and antioxidant
parameters in liver (Table 1)

In liver, the lipid peroxidation was not influ-
enced by spermine addition regardless dose and pe-
riod of supplementation.

The 7-day supplementation with higher dose of
spermine increased anti-superoxide anion (ASA)
capacity (C-7 vs S0.4-7); however the 3-day supple-
mentation with the same spermine dose increased
anti-hydroxy radical (AHR) capacity (C-3 vs
S0.4-3). The supplementation extension of lower
dose of spermine caused higher AHR -capacity
(S0.2-3 vs S0.2-7); however the obtained value did
not differ from values observed for C-7 and S0.4-7
groups. Moreover, there was observed a difference
between C3 and C-7 group.

There was observed no influence of spermine on
total superoxide dismutase (T-SOD) activity in liver.
The liver catalase (CAT) activity was higher in group
which received higher dose of spermine for 3 days
in comparison to control group (C-3 vs S0.4-3). The
extension of supplementation duration for lower
spermine dose increased CAT activity to value which
did not differ from values observed for S0.4-7 and
S0.4-3 groups but also from C-7 group.

The glutathione (GSH) content was higher in
S0.4-3 group in comparison to both C-3 and S0.2-3
groups. The supplementation extension of both lower
and higher doses of spermine caused higher GSH
content; however the obtained value did not differ

from C-7 group. Moreover, the GSH content was
increased in C7 in comparison to C3 group.

The liver total antioxidant capacity (T-AOC)
was higher in S0.4-3 group in comparison to both
C-3 and S0.2-3 group; however S0.4-3 group
did not differ from all groups supplemented for
7 days.

Lipid peroxidation and antioxidant
parameters in spleen (Table 2)

The spleen lipid peroxidation level was reduced
by both doses of spermine, regardless of the treat-
ment duration (S0.2-3 and S0.4-3 vs C-3; S0.2-7 and
S0.4-7 vs C-7). The higher dose of spermine caused
higher decrease of MDA content than the lower one
but only after 3 days of supplementation (S0.2-3
vs S0.4-3). The supplementation extension of both
doses of spermine caused further MDA content
decrease (S0.2-3 vs S0.2-7 and S0.4-3 vs S0.4-7);
however there was observed no difference between
S02-7 and S0.4-7 groups.

The spleen ASA capacity was higher in groups
that received the higher spermine dose in comparison
to the corresponding control groups, regardless of
supplementation time (C-3 vs S0.4-3 and C-7 vs
S0.4-7). AHR capacity was higher only in group
S0.4-7 in comparison to C-7 group. The extension
of supplementation period of lower spermine dose
increased the ASA capacity (S0.2-3 vs S0.2-7) to
value which did not differ from S0.4-7 and S0.4-3.
On the other hand, the extension of supplementation
duration of higher spermine dose increased the AHR
capacity (50.4-3 vs S0.4-7).

Table 1. Effects of spermine dose (S) and supplementation time (T) on lipid peroxidation and antioxidant status of liver in weaned rats

. Group' P-value
2
Indices C3  S023 S043  C7 S027  S047 SEM g T SxT
MDA content,
ol e proten 102 077 079 066 082 075 003 0604 0054 0017
ASA capadly, 132340 13230% 14325 11945 13438 13974 230 0015 0256  0.350
g" protein
AHR CapaCityr a ab bc bc C C
0 o ein 18182 199.17% 237.30% 22316 251.30° 25588 690 0008 0002 0443
T-SOD activity,
D e o 3858 3895 4356 3673 4068 4034 075 0058 0440  0.369
CAT aCtiVityr a ab bc abc C c
U e rotein 8952 96.16® 11370  108.38% 116.25° 122.64 326 0023 0007 0661
GSH content, . . b bo . .
e otin 1777 188  3.08 372%  40% 408 020 0015 0000  0.109
T-AQC, 075 078 093 0850  088% 093 002 0014 0051 0449
U -g”' protein : : ) : ‘ ‘ ‘ ’ ‘ ’

'groups: C-3 and C-7 - control groups receiving saline for 3 and 7 days, respectively; S0.2-3 and S0.2-7 — groups receiving spermine at
a dose of 0.2 ymol - g™ body weight for 3 and 7 days, respectively; S0.4-3 and S0.4-7 — group receiving spermine at a dose of 0.4 ymol - g™
body weight for 3 and 7 days, respectively; 2MDA — malondialdehyde, ASA - anti-superoxide anion, ARH - anti-hydroxy radical, T-SOD - total
superoxide dismutase, CAT — catalase, GSH - glutathione, T-AOC - total antioxidant capacity; ® — means with different superscripts within

a row are significantly different at P < 0.05
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Table 2. Effects of spermine dose (S) and supplementation time (T) on lipid peroxidation and antioxidant status of spleen in weaned rats

) Group? P-value
Indices’ SEM
Cc-3 S02-3  S0.4-3 c7 S027  S04-7 S T SxT
. -1
MDS;;?:]G”" nmol Mg 4 age 02 069 105¢ 051  040° 006 0000 0000  0.358
1 .-l
Asﬁrget‘gic'ty'u 9 36.83 4450 5010%  470% 5596¢ 6032 188 0003 0001 0928
I . -1
AHErgf‘e‘?ﬁc'ty'U M3 12153 12664® 13096®  13497® 139.85° 160.84° 299 0008 0000  0.213
" I . -1
TS;&;S'V'W’U MI™ 41142 12912 1378 1244® 1405 16200 041 0001 0027 0627
i . ma-t
CAIT);%‘QW'U mg 16.840 2453 2825 18.84¢  2526° 3041c 101 0000 0193  0.867
GS;gt‘;'i‘rt]e”t' mg-g" osm 3200 346 260° 3406 363 012 0000 0506 0959
T-AOC,U -g” protein 083 098  1.05 097  104* 141 002 0005 0039  0.629

2see Table 1; > — means with different superscripts within a row are significantly different at P < 0.05

T-SOD activity was higher in groups that re-
ceived the higher spermine dose in comparison to
corresponding control groups, regardless of supple-
mentation time (C-3 vs S0.4-3 and C-7 vs S0.4-7).
Although, the CAT activity was higher in groups that
received both doses of spermine in comparison to
the corresponding control groups regardless of sup-
plementation time (C-3 vs S0.2-3 and S0.4-3, C-7 vs
S0.2-7 and S0.4-7). Moreover, the CAT activity was
increased in group S0.4-7 in comparison to S0.2-7.

GSH content was higher in groups that received
both doses of spermine in comparison to the corre-
sponding control groups regardless of supplementa-
tion time (C-3 vs S0.2-3 and S0.4-3, C-7 vs S0.2-7
and S0.4-7). The spleen T-AOC was increased in
S0.4-3 group compared to C-3 group.

Discussion

Weaned animals usually suffer from weaning
stress (Campbell et al., 2013). Weaning stress can
damage the health status by disrupting the steady-
state status of reactive oxygen species (ROS) and
suppressing non-enzymatic substances (e.g., GSH)
and antioxidant enzyme activities (e.g., SOD
and CAT), thereby affecting many production
efficiencies, including feed intake, morbidity, growth
performance and mortality (Campbell et al., 2013;
Zhu et al., 2013). The supplementation of natural
antioxidants, such as vitamin E and spermine, has
been practiced to reduce signs of stress in livestock
husbandry. The important role of spermine can
be underlined by the fact that it is a natural milk
component although its concentration is very low
(Romain et al., 1992). The effects of spermine on
the body can be treatment dose-depended. It was

confirmed that exorbitant dose of spermine have
numerous side effects, such as reduced microbe,
tumors development, growth decrease and even
cell death (Cipolla et al., 2010). On the other hand,
spermine at the appropriate dose can exert beneficial
effects, including intestinal growth promotion and the
antioxidant capacity improvement (Cao et al., 2015).

Effects of spermine supplementation dose on
the lipid peroxidation and antioxidant status of
the liver and spleen. MDA is the most common
breakdown product of lipid peroxidation (Pirinc-
cioglu et al., 2010) and its level can directly reflect
the degree of lipid oxidative damage. In the present
study, the MDA content in the spleen decreased af-
ter spermine administration (regardless dose and
supplementation duration), whereas no significant
difference was found in the liver, which may be at-
tributed to the tissue specific differences (e.g., dif-
ferent fat content in liver and spleen). The obtained
results are the first to show the positive influence of
spermine on lipid peroxidation level in the spleen
with the use of in vivo model.

Lipid peroxidation damage is mainly induced
by superoxide anions and hydroperoxyl radicals
(Valko et al., 2007). The superoxide anion, which
is regarded as the primary ROS, can further interact
with other molecules to generate other ROS types
and cause a wide range of oxidative damage to or-
ganism within the cell (Valko et al., 2007). In this
study, the superoxide anion scavenging ability in the
liver and spleen of spermine-treated rats was higher
in comparison to control group, however in both tis-
sues only higher dose of sperimine (0.4 pmol - g
body weight) exerted such effect. Such results are
in accordance with the results of Kafy et al. (1986)
who observed that spermine scavenges superoxide
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anion free radicals only at the very high dose in in
vitro model. However, Das and Misra (2004) did not
confirmed these results. The observed differences
may be attributed to the different experimental mod-
els: in vivo and in vitro with the use of in cell and
cell-free models.

The next important radical is hydroxyl radical,
which can react rapidly with all types of molecules,
such as DNA, proteins and lipids, and exhibits a very
short half-life of approximately 10~ s in vivo. This
extremely dangerous free radical may cause lipid per-
oxidation, nuclear acid fracture and decomposition of
protein and polysaccharide. Our study showed that
the OH -scavenging ability in the liver and spleen
was significantly increased with spermine supple-
mentation but only when higher dose of spermine was
administrated for 3 or 7 days. Such observations are
in line with other researches indicating that sperm-
ine is mostly a hydroxyl radical scavenger which has
the singlet oxygen quenching properties. Sava et al.
(2006) proposed mechanism based on a Fenton-like
reaction system with spermine dialdehyde as a final
product, which was consistent with the results of
a previous in vitro study conducted by Ha et al.
(1998). So, these findings indicate that spermine ad-
ministration can improve the free radical scavenging
ability in the tissues.

Free radical scavenging abilities are related to
enzymatic and non-enzymatic antioxidant defence
systems (Valko et al., 2007). The major enzymatic
antioxidants (e.g., T-SOD and CAT) are necessary
to prevent the body from biological stress influence.
SOD is the first endogenous antioxidant enzyme
which responds to oxygen radicals and transform
superoxide anions into H,O, with lowered toxicity. In
the present study it was found that the T-SOD activity
in the spleen was significantly enhanced by spermine
ingestion higher dose regardless of treatment time. No
such effect was observed in liver. The obtained results
suggest that spermine supplementation can enhance
the SOD activity in weaned rat, but in tissue-dependent
manner. CAT, an antioxidant downstream enzyme of
SOD, is implicated as an essential defence enzyme
against the potential toxicity of hydroxyl radicals.
It can detoxify H,O,to H,O and O,, thus preventing
organisms from hydroxyl radicals generation (David
et al., 2008). The present experiment showed that
spermine administration significantly increased the
CAT activity in both examined tissues, however
in the spleen the spermine exerted effect at both
used doses regardless period of supplementation,
and in liver only higher dose supplemented for

3 days exerted such effect. This demonstrated that
spermine supplementation can improve the CAT
antioxidant property in weaned rats. So, obtained
results revealed that spermine supplementation can
improve the antioxidant status through enzymatic
systems in weaned rats.

In addition, non-enzymatic antioxidant substan-
ces, such as GSH, are also important components of
organism antioxidant defence system. GSH plays an
essential role in damage elimination caused by free
radicals and in balance between the intracellular ox-
idation status and cell integrity maintain (Mallikar-
juna et al., 2007). Therefore, GSH is considered as
a suitable indicator of cellular antioxidant defence
ability. In the current study, spermine supplementa-
tion improved the GSH contents in rat liver (only
higher spermine dose after the 3 days of supplemen-
tation) and spleen (both doses of spermine regard-
less period of supplementation), which suggested
that spermine can enhance the antioxidant defence
capacity at least in part because of the increase in
GSH content. This finding is in line with our pre-
vious study, in which it was showed that spermine
can increase the ileum GSH content in suckling rats
(Liu et al., 2015). Liver is the main place for GSH
generation, and the mechanism of GSH content en-
hancement caused by spermine supplementation
needs further investigation. T-AOC can serve as
an important integrative index that reflects the to-
tal antioxidant capacity of the organism (Ren et al.,
2012). The current study showed that the T-AOC in
the liver and spleen were significantly increased af-
ter spermine administration but only after 3 days of
higher dose supplementation. These data also dem-
onstrated that spermine can improve T-AOC of the
selected tissues and protect them from biological
stress. Collectively, spermine supplementation can
improve the antioxidant status through non-enzy-
matic antioxidant system in weaned rats.

Dietary supplementation of spermine at a dose
of 0.4 umol - g'!' body weight exerted better effect
on enhancing the antioxidant status than lower
spermine doses (0.2 pmol - g”! body weight) supple-
mentation in weaned rat tissues. In the liver only the
supplementation of a higher dose increased AHR
capacity, ASA capacity, CAT activity, GSH content
and T-AOC. On the other hand, in the spleen even
the application of a lower dose exerted positive
effect on MDA content, CAT activity and GSH
content, whereas only the higher spermine dose
influenced ASA and AHR capacity or T-AOC. So,
it can be suggested that the antioxidant effect of
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spermine on the spleen is superior to that exerted
on the liver. The possible reason is that spleen is the
largest secondary immune organ and its responses
are associated with the antioxidant status, while liver
is the main detoxifying organ and may consume
more antioxidant compounds for detoxifying effect,
which could cause that the effect of spermine in the
liver is not so pronounced.

Effects of extended spermine administration
on the antioxidant properties in liver and spleen.
The activity of intestinal disaccharide enzyme is al-
tered by spermine ingestion in animals, and spermine
treatment generally requires 3 days to observe the
effect (Peulen and Dandrifosse, 2000). No research
on the effects of the extended spermine administra-
tion on the antioxidant defence system of metabolic
or immune organ in weaning animals is available.
Our study showed that the spleen MDA content was
reduced by both doses of spermine regardless of the
treatment duration. Also, the supplementation ex-
tension for both doses caused further MDA content
decrease; however after 7 days of supplementation
no difference between doses was observed. These
results suggested that prolonging spermine adminis-
tration can prevent lipid peroxidation in the spleen.
Moreover, both the AHR and ASA capacity were sig-
nificantly increased in the spleen, by the extension of
spermine supplementation. These data demonstrated
that the extension of spermine supplementation can
improve the free radical-scavenging capacity in the
spleen and protect this organ from oxidative damage.
On the other hand, in the liver the extended spermine
supplementation significantly enhance the AHR ca-
pacity, CAT activity and GSH content. However
such observations were accompanied by increased
AHR capacity and GSH content in control group af-
ter 7 days of the experiment, which suggests that the
observed effect was not connected to the prolonged
spermine supplementation but it was only physiologi-
cal. So, observed differences between spleen and liv-
er suggest that extended spermine supplementation
exerts tissue-dependent effect.

Conclusions

This is the first study to indicate that spermine
supplementation can modulate the antioxidant prop-
erties of the weaning rat liver and spleen in a dose-,
time- and tissue-dependent manner. Nevertheless,
the mechanism by which spermine supplementation
increases antioxidant status is the most interesting
topic for our further examination.
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