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Abstract

Purpose: The purpose of this study was to assess the effect of alternate-day fasting
(ADF) concerning sex as well as its function in systemic and tissue-level oxidative stress
alterations associated with aging.

Materials and methods: Forty-two female (n=21) and male (n=21) Wistar rats (aged 16
months) were separated into six groups (n=7 each): Group-1 (control-male), Group-2 (1-
month, ADF-male), Group-3 (2-month, ADF-male), Group-4 (control-female), Group-5 (1-
month, ADF-female), and Group-6 (2-month, ADF-female). The ADF protocol was
applied every other day for 24-h of fasting (three days/week). Serum samples were
analyzed via ELISA to measure total oxidant-antioxidant status (TOS-TAS), and the
oxidative stress index (OSI) was calculated.

Results: 2-months of ADF treatment reduced body weight (BW) compared compliance
control groups (p<0.001). All groups' cumulative food intake and retroperitoneal fat
weight decreased with ADF (p<0.05). Both 1-month and 2-month ADF interventions had
positive effects on reducing TOS and OSI in both liver and serum, with a significant
decrease observed in both groups compared to their respective controls (p<0.001). The
liver TAS level significantly increased in female rats (p<0.05), but this increase did not
reach a significant level in male rats. The difference in the serum TAS level between the
groups was not significant.

Conclusions: This study evaluated the effects of ADF on BW, food consumption, and
oxidative stress parameters in male and female rats. The findings highlight ADF's
potential benefits in weight management and reducing oxidative stress. This study
represents an important step in understanding the effects of ADF on metabolic health
and in identifying potential clinical applications.
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Makale bashgi: Orta yas sicanlarda gun asiri aglk protokolinun vucut agirhgi, oksidatif
stres ve metabolik saglik Uzerine cinsiyete 6zgu etkileri.

Kisa baslik: ADF'nin Orta yas siganlarda oksidatif stres Gizerine etkileri.

0z

Amag¢: Bu calismada, gun asirt aglik protokolinun (ADF) cinsiyete 6zgu etkileri ve
sistemik ve doku dizeyindeki oksidatif stres Uzerine etkilerinin yaslanmaya bagli olarak
degerlendiriimesi amaclanmistir.

Gereg ve yontem: Kirk iki disi (n=21) ve erkek (n=21) 16 ayhk Wistar siganlari alti gruba
(n=7) ayrildi: Grup-1 (kontrol-erkek), Grup-2 (1 ay, ADF-erkek), Grup-3 (2 ay, ADF-
erkek), Grup-4 (kontrol-disi), Grup-5 (1 ay, ADF-disi) ve Grup-6 (2 ay, ADF-disi). ADF
protokoli glnasiri 24 saatlik oru¢ tutma seklinde uygulandi (haftada Gg¢ gin). Serum
ornekleri, ELISA yontemiyle toplam oksidan-antioksidan durumu (TOS-TAS) dlgmek igin
alindi ve oksidatif stres indeksi (OSI) hesaplandi.

Bulgular: 2 aylik-ADF tedavisinin kimdaltatif control gruplariyla karsilastiriidiginda vicut
agirhginda (VA) anlamh azalma tespit edildi (p<0,001). Tum gruplarda kimdalatif gida
alimi ve retroperitoneal yag agirhg: ADF ile azaldigi goruldu (p<0,05). Hem 1 aylik hem
de 2 aylik ADF mudahaleleri, hem karaciger hem de serumda TOS ve OSl'yi azaltmada
olumlu etkiler gosterdi ve her iki grup da kendi kontrollerine gore anlamli bir azalma
gosterdi (p<0,001). Karaciger TAS seviyesi disi sicanlarda anlamli olarak artti (p<0,05),
ancak erkek siganlarda bu artis anlamli bir seviyeye ulasmadi. Gruplar arasindaki serum
TAS seviyesinde anlamli fark saptanmadi.

Sonug: Bu calisma, erkek ve disi siganlarda ADF'nin VA, gida tiketimi ve oksidatif stres
parametreleri Uzerindeki etkilerini degerlendirdi. Bulgular, ADF'nin kilo yonetimi ve
oksidatif stresi azaltmada potansiyel faydalarini vurgulamaktadir. Sonug olarak, ADF'nin
metabolik saglik Uzerindeki etkilerini anlamada ve olasi klinik uygulamalari belirlemede
onemli bir adimi temsil etmektedir.

Anahtar kelimeler: Yaslanma, alternatif gunlerde aclik, gida alimi, cinsiyet, oksidatif

stres.



Introduction

A progressive decline in all physiological activities is a hallmark of aging [1].
Substantial structural and functional changes occur in our organs and systems as we
age. Free radicals, reactive oxygen species (ROS), and reactive nitrogen species (RNS)
are highly reactive molecules with unpaired electrons [2]. The damage caused by ROS is
called oxidative stress, which results from an imbalance between ROS production and
antioxidant defenses. This imbalance plays a key role in aging [3].

The free radical theory of aging states that a a gradual rise in ROS and subsequent
oxidative damage are pivotal in the aging process. In the absence of endogenous
antioxidant defenses, free radicals damage cellular components like DNA, lipids, and
proteins, contributing to aging and related disorders [4]. Overexpression of antioxidant
enzymes can reduce ROS production and protect DNA, extending lifespan in mice [5].
Furthermore, long-lived mouse strains exhibit increased levels of antioxidant enzyme
levels and decreased oxidative damage to proteins and lipids [6].

Rat liver mitochondria undergo oxidative stress and lose enzymatic activity during
aging [7]. During aging, ROS overproduction leads to oxidative damage at both the liver
and systemic levels. Luceri et al. [8] reported increased oxidative DNA damage in the
livers of middle-aged rats (15 months), along with reduced DNA damage repair capacity.
Many studies have shown that the aging liver exhibits signs of oxidative damage, and
ROS levels in liver tissue significantly impact liver function and are linked to most age-
related diseases [9].

Aging increases susceptibility to obesity due to declines in the basal metabolic rate
and activity, although individual variations exist. Intermittent fasting (IF) has shown
various health benefits in animal models [10, 11] and clinical trials [12, 13]. IF involves
periods of eating and fasting, with different protocols such as time-restricted feeding,
alternate-day fasting (ADF), or modified fasting with reduced daily food consumption [14].

Individuals aiming to lose weight often follow IF protocols, which include daily
fasting periods of up to 16 hours or fasting intervals of up to 24 hours alternating with
regular eating days. IF is a method to cause weight loss that has some beneficial effects.
Despite the observed weight loss [13, 15] more studies are needed to evaluate whether
ADF promotes health benefits or could cause undesired effects in the long term.
Although ADF can reduce body weight and fat [16, 17], results vary due to differences in
age, sex, and BMI among participants [18, 19]. Thus, a consensus on IF
recommendations or preferred protocols is lacking, reflecting diverse study designs and

divergent results [20].



The sex-dependent factors responsible for variations in oxidized macromolecule
levels are largely unknown and controversial. Preliminary reports on sex-dependent
variations in oxidative stress parameters in the plasma of aged subjects have been
ambiguous. However, previous studies could not meaningfully correlate the relationships
between sex and these oxidized macromolecules [21, 22]. We hope the present study
will provide insight that clarifies this complex issue.

Considering the pivotal role of sex in feeding and aging, the question arises whether
oxidative stress is influenced synchronously during prolonged food restriction followed by
refeeding. Oxidative stress is known to be effective in the development of aging.
However, there are no data in the literature examining the effects of age and ADF on
oxidative stress parameters in different sexes. In light of this information, this study aimed
to evaluate the role of ADF in aging-related oxidative stress changes at both the systemic

and tissue levels and its effectiveness compared to that of sex.

Material and methods

Animal Experiments were approved by the Medical Ethics Committee of Pamukkale
University (dated 15.12.2023 and numbered PAUHADYEK-2023/60758568-020-468703).
Animals and experimental design

In this study, forty-two male and female Wistar rats (16 month old) were obtained
from the Pamukkale University Medical Experimental Research and Practice Center. The
animals were housed in a room with controlled temperature (23+2°C) and relative
humidity (60£5%). The animals were kept under adequate light conditions (7.00 a.m. to
7.00 p.m. light/dark). The rats were randomly assigned to six equivalent groups (n=7) as
follows:
Group 1 (Control group, n=7): Male rats were fed ad libitum
Group 2 (1-month ADF, n=7): Male rats fasted for three days and fed ad libitum for four
days per week
Group 3 (2-month ADF, n=7): Male rats fasted for three days and fed ad libitum for four
days per week
Group 4 (control group, n=7): Female rats were fed ad libitum
Group 5 (1-month ADF, n=7): Female rats fasted for three days and fed ad libitum for
four days per week
Group 6 (2-month ADF, n=7): Female rats fasted for three days and fed ad libitum for
four days per week



Study design and ADF protocol

The ADF protocol was applied for eight weeks at a ratio of 4:3 (4 ad libitum days per
week and 3 days of total fasting) [23] (Table 1). ADF rats were subjected to 24-hour fasts
involving 24 hours of free access to the same chow [24].
Food consumption and body weight measurements

Food consumption was calculated by deducting the amount of food left in the box
(g) from the total amount of food given. As previously described, the percentage was
determined three times a week till the ADF protocols concluded [25]. Feed efficiency was
determined by calculating the quotient over the 8 week of experimentation as weekly
food consumption per rat. Body weight (BW) was measured at initial, 4™ and 8" week of
the experiment procedure. In the last week of treatment (4" and 8" weeks), both groups
were subjected to a 12-hour overnight fast.
Blood and tissue sampling

The rats were anesthetized by intraperitoneal injection of xylazine (10 mg/kg) and
ketamine (90 mg/kg) following a fasting period of 8 h. Serum samples were collected
from the abdominal aorta of the animals in plain tubes without any anticoagulant for
Enzyme-Linked Immunosorbent Assay (ELISA). Liver tissues were removed and quickly
frozen using liquid nitrogen. The samples were stored at 2-8°C and homogenized. After
centrifugation for 20 minutes at 2000 rpm, the supernatant was extracted. After the
samples were centrifuged 15 min at 3500 rpm, the blood serum was obtained from the
tubes without EDTA.
Oxidative stress parameters

The total oxidant status (TOS) of the serum and tissue samples was determined via
an automated colorimetric method [26]. Using this technique, the sample's ferrous ion
chelator complex is changed into a ferric ion, increasing absorbance when it reacts with
the chromogen in an acidic environment. The concentration of oxidant molecules in the
sample is proportional to the rise in absorbance observed using spectrophotometry. The
Lowry method was used to measure the tissue protein level. The solid-phase sandwich
ELISA principle was applied to the assessment of the serum and tissue sample using
ready-to-use measurement kits in accordance with the manufacturer's instructions. The
results are reported as ymol H202Eq/L and pmol H202Eq/mg protein, respectively.

Similarly, total antioxidant status (TAS) in the serum and tissue samples was also
determined using an automated colorimetric method [27]. Serum TAS was determined
using the following principle: every antioxidant in the sample reduces the blue-green 2,2'-
azinobis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical to a colorless reduced

form. The amount of antioxidants in the sample is exactly proportionate to the increase in



absorbance that is detected spectrophotometrically. The solid-phase sandwich ELISA
principle was applied to the assessment of the serum and tissue sample using ready-to-
use measurement kits in accordance with the manufacturer's instructions. The results are
reported as mmol Trolox Eg/L and mmol Trolox Eg/mg protein, respectively.

The oxidative stability index (OSI) is defined as the ratio of TOS to TAS, calculated using

the following formula:

TOS (umol H20: Eq/mg protein)
O8I (arbitary unit) = x 100
TAS (pmol Trolox Eq/mgram protein)

Statistical analysis

A power analysis was conducted using the GPower 3.1 program available online.
The effect size reported in the reference study is large (d=1.22). The power analysis
(f=0.9) indicated that a minimum of 42 rats (at least seven rats per group) would be
required to achieve a power of 80% with a 95% confidence interval. The study used a
total of 42 rats. IBM SPSS Statistics 25 program (Armonk, NY: IBM Corp.) version 23.0
was used for all statistical analyses. The standard deviation (SD) of the mean was used
to define continuous variables. The normal distribution was determined using the
Shapiro-Wilk tests. We employed One-way Anova analysis of variance (post hoc: Tukey
method) for independent group comparisons. For statistical significance, p<0.05 was the
threshold.

Results
Examination of body weight gain and food intake

BW (measured at the initial, 4" week and 8" week of the experiment) is shown in
Figure 1A-C. The initial BW of male rats was significantly greater than that of concordant
female rats (Group 1 vs Group 4, Group 2 vs Group 5, Group 3 vs Group 6, p<0.001),
and the BW was not significantly different within the same sex groups (p>0.05). After 1
month of the experiment, the BW of the female rats was still significantly lower than that
of the concordant male rats (Group 1 vs Group 4, Group 2 vs Group 5, Group 3 vs Group
6, p<0.001), and ADF did not significantly lower BW in any of the groups (p>0.05). At the
end of the experiment, the BW of male rats was significantly greater than that of
Concordant female rats (Group 1 vs Group 4, Group 3 vs Group 6, p<0.001), and 2-
months of ADF decreased the BW in both genders (Group 1 vs Group 3, Group 4 vs
Group 6, p<0.001).



The weekly food consumption amount per rat is shown in Figure 2. The food
consumption of male rats was significantly greater than that of concordant female rats
(Group 1 vs Group 4, Group 2 vs Group 5, Group 3 vs Group 6; p<0.001, p<0.001,
p<0.05, respectively). Additionally, rats in the 1-month and 2-month ADF groups
consumed significantly less chow than did those in the control group (p<0.001). In
addition, in the 2-month ADF group compared to the 1-month group, food consumption
decreased significantly in males (p<0.05), while this decrease did not reach a significant
level in females (p>0.05).

Investigation of retroperitoneal fat weight in the experimental groups

The retroperitoneal adipose tissue weights (g) of the rats in the experimental groups
are shown in Figure 3. Although the retroperitoneal fat weight of initial male rats was
significantly lower than that of initial female rats (group 1 vs group 4, p<0.01), this
decrease did not reach a significant level in 1-month and 2-month ADF male rats
compared with concordance female rats (group 2 vs group 5, group 3 vs group 6;
p>0.05). The 1-month ADF intervention significantly reduced the fat pad in females
(p<0.001), whereas the reduction in males did not reach significance (p>0.05). At the end
of the experiment, 2-month of ADF treatment significantly decreased the fat pad weight in
both groups (Group 1 vs Group 3, Group 4 vs Group 6, p<0.001).

Evaluation of serum and liver TOS, TAS, and OSl levels

The liver TOS, TAS, and OSlI levels of the experimental groups are shown in Figure
4. Although the TOS and OSI of initial male rats were significantly greater than those of
female rats (group 1 vs group 4, p<0.01), this decrease did not reach a significant
difference between 1-month and 2-month ADF male rats and concordant female rats
(group 2 vs group 5, group 3 vs group 6; p>0.05). The liver TOS and OSI were
significantly lower in Group 2 and Group 3 than in Group 1 (p<0.001). Similar results
were observed in female rats, as the TOS and OSI were significantly lower in Group 5
and Group 6 than in Group 4 (p<0.05 and p<0.001, respectively). The 1-month and 2-
month ADF interventions had a positive effect on lowering liver TOS and OSI levels, but
this decrease was much more significant in males. The liver TAS level was significantly
greater in Group 6 than in Group 4 and Group 5 (p<0.001 and p<0.05, respectively), but
this increase did not reach a significant level in male rats.

The serum TOS, TAS, and OSI levels of the experimental groups are shown in
Figure 5. The serum TOS and OSI were significantly lower in Group 2 and Group 3 than
in Group 1 (p<0.001). Similar results were observed in female rats, as the TOS and OSI
were significantly lower in Group 5 and Group 6 than in Group 4 (p<0.001). The 1-month

and 2-month ADF interventions had a positive effect on lowering the serum TOS and



OSI. However, the difference in the serum TAS level between the groups was not
significant (p>0.05).

Discussion

We conducted chronic fasting protocol experiments involving a healthy lifespan
using middle-aged male and female rats to clarify the effects of ADF on age-associated
changes in BW, body fat, and ROS levels. In the present study, we demonstrated that
ADF positively affects BW at 2 months and that 1 month was insufficient to decrease BW
in all ADF-treated rats. On the other hand, female rats had the highest retroperitoneal fat
weight, which decreased with 1 month of ADF, while 2 months of ADF reduced fat weight
regardless of sex. Although ADF lowered the OSI in both timelines with decreased TOS,
the favorable effect of ADF was on increased TAS levels in 2-month-old ADF-treated
female rats.

Previous studies have reported the beneficial effects of IF on BW and plasma
glucose levels in obese individuals or obese rodent models [28, 29]. However, there is a
lack of literature on the application of different IF types to increase healthspan in middle-
aged rats. It has been found that IF protocols like ADF can successfully lower BW. In a
research with overweight and obese participants, ADF decreased BW by 3% to 7% [18].
However, the reduction in BW induced by IF seems to vary on factors including age, the
length of time spent consuming food, and the kind of diet [30]. For example, in male rats,
TRF application was unable to stop the rise in BW induced by HFD in older animals as
opposed to younger ones [25]. Conversely, ADF induced hyperphagia, hyperinsulinemia,
and increased adiposity in juvenile female rats [24]. These consequences could result
from extreme or sudden energy restriction, leading to overeating and other undesirable
behaviors. These behaviors can trigger "storage signals,"” which promote the growth of
adipose tissue [31]. It is significant to remember that in animal models, restricting access
to chow or "tasty" items causes an increase in food intake [32, 33]. In this study, the
effect of ADF on BW in middle-aged rats of both sexes was examined. Although 1-month
of ADF treatment did not significantly affect BW in either sex, a significant decrease in
weight loss was observed after 2-months of ADF treatment (Figure 1).

Adipose tissue regulates the cycling of triglycerides by controlling the uptake,
esterification, and release of fatty acids, which are alternative fuel sources for the
metabolically active organs [34]. During fasting periods, energy is obtained from glycogen
which is followed by lipolysis of adipose tissue. This causes release of triacylglycerols
and production of glucose from glycerol. Studies have also demonstrated fat loss

accompanied with weight loss in ADF protocols [16, 35]. 4 weeks of ADF resulted in



decrement of visceral fat, and improvement of lipid profiles in C57BL/6 mice [36]. We still
do not understand why various regions of visceral fat respond differently to the dietary
protocols between genders. However, we have observed that female rats in the same
age group had higher BW, and implementing ADF for 2-months reduced retroperitoneal
fat tissue regardless of gender (Figure 3).

ROS can oxidatively modify many biological macromolecules, including proteins,
lipids, and nucleic acids, potentially causing genetic mutations and cellular aging. The
aging process has been shown to affect the redox balance of plasma proteins, lipids,
DNA, and antioxidants in both rats [2, 37] and humans with age-related diseases [38, 39].

Research employing IF protocols in animal models, often utilizing adult male rats,
indicates favorable outcomes in diminishing indicators of oxidative stress and
inflammation [19]. These benefits are attributed to physiological adaptations triggered by
periods of food deprivation. Experimental studies indicate that oxidative damage resulting
from ROS plays a role in the aging process. For different animals, tissues, and cell types,
the amount to which oxidative stress accelerates aging may differ [3]. Luceri et al. [8]
demonstrated an increase in oxidative DNA damage in the liver with age, particularly
reaching very high levels in middle-aged animals. Notably, there was a significant
correlation between systemic oxidative damage and liver oxidative damage in the same
animal. These findings suggest an overall disruption in the balance between pro-oxidant
and antioxidant status during aging. Navarro et al. [7] reported an increase in oxidative
stress markers and a decrease in antioxidant enzymes in the brain and liver during the
aging process in 60-week-old and 92-week-old rats compared to 28-week-old rats.
According to Cakatay et al., elevated levels of malondialdehyde (MDA) and 8-Hidroksi-2-
deoksiguanozin (8-OHdG) found in elderly male rats may be a risk factor for plasma
oxidation, while elevated total sulfhydryl (T-SH) levels in female rats may represent an
adaptive response to oxidative damage [2].

Studies have extensively shown that levels of ROS in liver mitochondria notably rise
following 36 and 72 hours of fasting in rats [40, 41], resulting in lipid peroxidation of cell
membranes and oxidative stress in the liver. In contrast, ADF has been observed to
mitigate oxidative stress. Interestingly, research suggests that while MDA levels in the
liver significantly increase after 4 weeks of ADF treatment, prolonged ADF treatment
spanning 8 to 16 weeks reduces MDA levels in visceral tissue of rats experiencing
oxidative stress induced by conditions such as diabetes or spontaneous tumors [42, 43].

This phenomenon may be due to hormesis, a biological process where low doses of
a harmful agent trigger a beneficial response. While higher doses can be toxic or lethal,

low doses can enhance resilience and extend lifespan. Research shows that ADF, as a



mild stressor, can increase stress resistance and prolong the lifespan of various
organisms [44].

The liver mitochondria of rats fed freely leak fewer electrons per unit of O2
consumed at complex Il compared to rats fed normally for 72 hours. This indicates that
severe food deprivation, like fasting, can increase oxidative stress in the rat liver. The
increase in oxidative stress is due to factors like higher mitochondrial free radical
production and greater sensitivity of liver membranes to oxidative damage. This suggests
that fasting and caloric restriction may affect liver mitochondrial oxidative stress
differently [41]. It is conceivable that ADF applied for different durations can modulate
oxidative stress responses; short durations may activate cellular resistance with low-
intensity oxidative stress, while longer durations may enhance antioxidant effects,
balance the amount of ROS generated by mild stress, and thus reduce oxidative stress.
In this study, in middle-aged rats, both male and female showed high levels of liver and
serum TOS and OSI. Both 1-month and 2-month ADF interventions had positive effects
in reducing both liver and serum TOS and OSI levels, and both groups showed a
significant decrease compared to their controls. Liver TAS levels significantly increased
with the 2-month ADF intervention in female rats, but this increase did not reach a
significant level in male rats. Although there was an increase in serum TAS levels, it did
not reach a significant level between the groups (Figure 4, 5)

There are some limitations in this study. Firstly, oxidative stress was only
investigated using the TAS and TOS ELISA methods; changes in the levels of oxidative
stress markers (such as MDA, glutathione, CAT, SOD, etc.) at the gene or protein levels
could have been revealed. Finally, conducting analyses such as ROS analysis to
examine the effects on reactive oxygen species could have further strengthened our
study.

In conclusion, this study examined the effects of ADF on BW, food intake, and
markers of oxidative stress in male and female middle-aged rats. Initially, male rats
exhibited higher BW and food intake, but these differences decreased with ADF
application. Prolonged ADF resulted in a significant decrease in retroperitoneal fat weight
in both sexes. In addition, ADF significantly lowered oxidative stress markers at both
tissue and systemic levels in both sexes, and particularly improved antioxidant levels in
the liver of female rats. These observed differences may be due to aging processes and
sex-specific homeostatic mechanisms. These findings highlight the potential benefits of
ADF for weight management and mitigation of oxidative stress. Future investigations
should address the molecular mechanisms and long-term effects of ADF.

Data availability: All data are presented in the manuscript.
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Table 1. Arrangement of feeding and fasting windows over the entire week

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Before Food Ad Fasting Food Ad Fasting Food Ad Fasting Food Ad

700 AM libitum period libitum period libitum period libitum
7 period period period period

Food Ad Fasting Food Ad Fasting Food Ad Fastinge Food Ad
libitum period libitum period libitum period libitum
period period period period

After
T7.00 AM
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Figure 1. Changes in Body Weight Over Time Across Experimental Groups

A. Initial body weight measurements. B. Body weight measurements at the 4th week of the
experiment. C. Body weight measurements at the 8th week of the experiment

Data are shown as the mean + standard deviation; n=7, ***: p<0.001

Group 1: male control, Group 2: male 1-month ADF, Group 3: male 2-month ADF

Group 4: female control, Group 5: female 1-month ADF, Group 6: female 2-month ADF
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Figure 2. Cumulative food intake of the experimental groups

Data are shown as the mean + standard deviation; n=7,

*: p<0.05, ***; p<0.001

Group 1: male control, Group 2: male 1-month ADF, Group 3: male 2-month ADF
Group 4: female control, Group 5: female 1-month ADF, Group 6: female 2-month ADF
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Figure 3. Retroperitoneal adipose tissue weight (g) of the experimental groups

Data are shown as the mean + standard deviation; n=7, Statistically significant at

**: p<0.01, ***: p<0.001

Group 1: male control, Group 2: male 1-month ADF, Group 3: male 2-month ADF
Group 4: female control, Group 5: female 1-month ADF, Group 6: female 2-month ADF



LIVER

is
35 Py 1 B 1%
| e 1,66 —

P I ) —

5] Foes 164

£ | o Eea— »

25 — £ e
a8 : wg
© = 20 | — <& _ 16
% g g
=215 Szz1s
T M R
- o > = g, 156
58 =

E 5 s

= s g

g E 12

3 0 15

Groupl Group2 Group3 Growpd4 Group35 Grouwp6 Group 1 Group 2 Group 3 Group 4 Group 5§ Group 6
ey
C I PO !
2 —
2 —
18 - Fres

16
14

| —

12 L ?

1
0.8 1
0,6
04
02

0 ; . . . r .

Groupl Group2 Group3 Grouwp4 GrouwpS Growp6

Figure 4. Levels of liver TOS, TAS, and OSI across experimental groups

A. Total Oxidant Status (TOS), B. Total Antioxidant Status (TAS), and C. Oxidative Stress Index
(OSI). Data are shown as the mean % standard deviation; n=7, Statistically significant at

*: p<0.05; **: p<0.01; ***; p<0.001

Group 1: male control, Group 2: male 1-month ADF, Group 3: male 2-month ADF

Group 4: female control, Group 5: female 1-month ADF, Group 6: female 2-month ADF

OSI (arbitary unit)
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Figure 5. A. Levels of serum TOS, TAS, and OSI across experimental groups

A. Total Oxidant Status (TOS), B. Total Antioxidant Status (TAS), and C. Oxidative Stress Index
(OSI). Data are shown as the mean % standard deviation; n=7, Statistically significant at

*: p<0.05; ***: p<0.001

Group 1: male control, Group 2: male 1-month ADF, Group 3: male 2-month ADF

Group 4: female control, Group 5: female 1-month ADF, Group 6: female 2-month ADF
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