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Introduction

The processes involved with aging have been 
closely linked with oxidative stress, which in turn 
is thought to be tightly linked to the production of 
reactive oxygen species (ROS).1–3 ROS are highly 
reactive and can oxidatively damage a wide range 
of biological macromolecules, including lipids, 
proteins, and nucleic acids.4–6 This damage may 
lead to cellular senescence and genetic mutation.7 
Studies of aged rats have found them to possess 
higher free radical levels2,8 and attributed this to 
reduced levels of antioxidants. Indeed, the decline 
of antioxidant function with age has been well 

documented in rats and humans,2,3,7,9–13 and it has 
been associated with decreasing levels of enzy-
matic antioxidant mRNA levels for glutathione 
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peroxidase (GPx), catalase (CAT), and superoxide 
dismutase (SOD).14

Diet may be an important modifier of the cellu-
lar redox state that can change during aging. For 
example, iron deficiency can induce oxidative 
stress.15 In studies of endothelial cells and of 
murine and human leukemia cells, ferritin has been 
shown to protect against oxidative damage.16,17 
Our previous studies of murine splenic cells in 
vitro and in vivo have also shown that MRN-100, 
an iron-based hydro-ferrate fluid derived from 
bivalent and trivalent ferrates, can protect cells 
from oxidative stress-induced apoptosis.18,19

Lactic acid bacteria (LAB) are another natural 
dietary-related agent that for over 100 years have 
been considered to potentially increase the human 
life span.20 LAB are frequently utilized in fermented 
milk and food product production, and LAB have 
been shown to help reduce pathogenic bacteria in 
the gut while maintaining a healthy balance of pro-
biotic bacteria.21,22 Furthermore, LAB have been 
found to have beneficial effects for a range of dis-
eases that include rheumatoid arthritis, Crohn’s dis-
ease, and cancer.23–27 LAB also improve lactose 
digestion and tolerance28 and its kefiran component 
has been found to reduce serum cholesterol levels 
and to lower high blood pressure in rats.29

Considering that aging is linked with increases 
in oxidative stress, we chose to examine anti-oxi-
dative stress in aged mice using a novel kefir prod-
uct called PFT (Probiotics Fermentation 
Technology). PFT is a kefir grain product that pri-
marily contains the unique LAB strain named 
Lactobacillus kefiri P-IF (L. kefiri P-IF) and a 
small amount of various yeasts. The primary LAB 
strain of PFT has a unique DNA sequence and 
shows a 99.6% homology with regular kefiries and 
a similar 16S ribosome sequence compared with 
other L. kefiri strains. Previous work has shown 
that P-IF is effective against cancer, potentially due 
to its many distinct features.27,30,31 In contrast with 
other strains of L. kefiri, P-IF utilizes galactose as 
a carbon source, and when its growth medium is 
agitated it generates carbonic acid. In addition, 
P-IF grows three dimensionally in contrast to the 
lengthwise-dimenisonal growth pattern of most L. 
kefiri strains, an attribute which may be due to the 
unique carbohydrate chains on P-IF’s surface.32 
Results here demonstrate that PFT can reverse age-
associated oxidative stress in mice. This study fur-
ther indicates PFT’s potential benefit in treating 

age-associated disorders that are primarily caused 
by oxidative stress and free radicals.

Materials and methods

Probiotics Fermentation Technology kefir grain 
product

Probiotics Fermentation Technology (PFT) is a mix-
ture that contains primarily (~90%) a heat-killed 
freeze-dried form of L. kefiri P-IF. PFT also consists 
of ~2–3% of the following: one bacterial strain L. 
kefiri P-B1, and yeast strains Kazachstania turicen-
sis, Kazachstania unispora, and Kluyveromyces 
marxianus. P-IF is a specific LAB strain with a 
unique DNA sequence, and PET scans show a 
99.6% homology with regular kefiries. The charac-
teristics of P-IF have been previously reported27,32; 
the exact chemical composition is under active 
investigation. Unlike other L. kefiri strains, P-IF uti-
lizes galactose as a carbon source and produces car-
bonic acid when its growth medium is agitated. 
While most L. kefiri strains grow in a lengthwise-
dimensional pattern, P-IF grows three-dimension-
ally, which is attributed to the unique carbohydrate 
chains on its surface.32 The yeast strains are not 
intentionally added, but rather are present in large 
amounts when obtaining the product from the 
Caucasus mountains and are filtered out in order to 
maximize the kefiri levels. PFT was provided by 
Paitos Co., Ltd., Yokohama, Kanagawa, Japan.

Animals

Thirty two male Swiss albino mice were used in 
this study. Sixteen older mice aged 10 months (23–
28 g) and 16 young mice aged 2 months (weighed 
from 11–22 g) were obtained from the animal house 
of Faculty of Medicine, Alexandria University, 
Egypt. Mice arrived in solid-bottom, transparent 
polycarbonate cages with stainless-steel wire lids. 
All animal studies were performed according to the 
animal protocols approved by the Institutional 
Ethics Committee of Faculty of Science, Alexandria 
University, Egypt, in accordance with the ethical 
standards (AU 04190824101). The mice were 
housed (four mice/cage) and maintained at 
23°C–25°C with a 12-h light/dark cycle. Food and 
water were available ad libitum. Food consisted of 
pellets that were 54% carbohydrate, 3% fat, 26% 
protein, and 17% vitamins and minerals, with 
3.5 Kcal/g. We calculated the sample sizes in our 
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study by power analysis33,34 and used the free G 
Power software for sample size calculation and 
justification.35

Experimental design

Since this study seeks to examine PFT’s effect on 
age-related changes in mice, we used four groups of 
mice with eight mice/group as follows: Group 1: the 
untreated young control mice (Young-control); 
Group 2: the PFT-treated young mice (Young-PFT); 
Group 3: the untreated aged mice (Aged-control); 
and Group 4: the PFT-treated aged mice (Aged-
PFT). The Young-PFT and Aged-PFT groups 
received PFT orally at a dose of 2 mg/kg body 
weight daily for 6 weeks with free access to water. In 
a preliminary study, we examined the dose effect of 
PFT and found a dose of 2 mg/kg body weight suf-
ficient to induce anti-oxidative changes in aged 
mice. The dose was also deemed safe to mice, as it 
was lower than the dose utilized in previous work by 
Furukawa et  al.36 who administered PFT orally to 
mice at 2 g/kg/day. PFT was supplemented at the 
same time every day after breakfast and the solution 
of PFT was prepared by dissolving the appropriate 
dose of PFT in normal saline solution according to 
the body weight of each mouse and then ingested by 
oral gavage to mouse. Age-related changes in oxida-
tive stress parameters could be determined by com-
paring the measurements of the Aged-control group 
versus the Young-control group, while the effects of 
PFT on the age-related changes could then be deter-
mined by the measured values of the Aged-PFT 
group relative to the two control groups. After 
6 weeks of treatment, animals were fasted overnight 
and weighed. They were then anesthetized and 
blood was collected using a syringe puncture from 
the abdominal aorta and serum was isolated. 
Following euthanization, the liver and brain tissues 
were rapidly excised, washed with ice-cold 0.9% 
NaCl, frozen in liquid nitrogen, and stored at –80°C 
for subsequent analyses. Figure 1 shows a graphical 
summary of the experimental design along with a 
brief summary of the investigated results.

Biochemical analyses

Assays of the liver function were analyzed by 
measuring enzymes such as ALT (EC 2.6.1.2) and 
AST (EC 2.6.1.1) as well as total protein. The 
serum lipid profile was investigated by analyzing 

concentrations of total cholesterol (TC), triglycer-
ide (TG), low density lipoprotein (LDL), and high 
density lipoprotein (HDL). The biochemical serum 
parameters were analyzed using the method 
described in the commercial kits following the 
manufacturer’s instructions.

Preparation of liver and brain homogenates

Frozen brain and liver tissues were homogenized 
on lysis buffer (150 mM NaCl, 1% Triton X-100, 
10 mM Tris solution, pH 7.4) containing protease 
inhibitor, using SCILOGEX Homogenizer, on ice. 
The homogenate was centrifuged at 10,000 g for 
10 min at 4°C and the supernatant was collected 
for measurement of parameters. The total protein 
content of the liver homogenate was analyzed by 
the standard protocol.37

Determination of lipid peroxidation

The malondialdehyde (MDA) content was assayed 
in the form of thiobarbituric acid-reactive substances 
(TBARS) in liver and brain homogenate as well  
as serum according to the method described  
previously.38 Briefly, 500 µl of sample was added to 
1 ml of trichloroacetic acid (TCA, 15%) and centri-
fuged at 3000 rpm for 10 min. 1 ml of supernatant 
was mixed with 500 µl of thiobarbituric acid (TBA, 
0.7%), heated in boiling water bath for 10 min, and 

Figure 1.  Experimental design and brief summary of results.
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cooled, and the color was read at 532 nm. The 
TBARS level was calculated against control  
according to the following equation: TBARS level 
(nmol/ml) = Absorbance/0.156. The majority of 
TBARS are MDA, and thus the concentration of 
MDA in the sample homogenate was expressed as 
nmol MDA/mg protein. The results were calculated 
using an index of absorption for MDA by using 
molar extinction coefficient 1.56 × 105/M/cm.

Nitric oxide assay

Nitric oxide (NO) was determined using Griess 
reaction in which 100 μl of sample was added to 
100 μl acidic Griess reagent (1% sulfanilamide and 
0.1% naphthlethylenediamine dihydrochloride in 
2.5% phosphoric acid). The absorbance was read at 
540 nm against blank.39 The NO level was calcu-
lated with the following equation: NO level (μM) 
= Absorbance of test/Absorbance of standard 
times concentration of standard, then expressed as 
μM/mg protein.

Determination of endogenous antioxidant 
activities

Glutathione (GSH) level: GSH was assayed by a 
method previously described.40 100 µl sample 
(test), distilled water (Blank), and GSH (standard) 
were mixed with 100 µl of sulphosalicylic acid 
(4%), kept at 4°C for at least 1 h, and then centri-
fuged at 1200 g for 10 min at 4°C. 100 µl superna-
tant was then mixed with 2.7 ml phosphate buffer 
(0.1 M, pH 7.4) and 0.2 ml DTNB (5,5'-dithiobis-
(2-nitrobenzoic acid)) and incubated for 5 min. The 
produced yellow color was measured immediately 
at 412 nm. A standard curve was constructed using 
standard GSH. Finally, GSH content was expressed 
as mg/mg protein.

Glutathione S-transferase (GST) activity (EC 
2.5.1.18): GST was measured as previously 
described.41 In brief, 100 µl GSH (5 mM), 10 µl 
p-nitrobenzyl chloride (1 mM in ethanol), and 25 µl 
sample were added to 1.365 ml phosphate buffer 
(0.1M) at pH 6.5 and vortexed, followed by incu-
bation for 20 min at room temperature. The absorb-
ance of sample was measured against air at 310 nm 
using the following equation: GST activity (μmol/
min/mg protein) = Absorbance of sample/(1.9 × 
time × mg protein).

Superoxide dismutase (SOD) activity (EC 
1.15.1.1): In the assay of SOD, 20 µl of sample 

(test) or buffer and 10 µl of pyrogallol (20 mM in 
10 mM HCl) were added to 1 ml buffer solution.42 
The absorbance of test (At) or reference (Ar) was 
measured at 420 nm against air after 30 and 90 s. 
The percentage inhibition of pyrogallol autoxida-
tion was calculated according to the following 
equation: The percentage inhibition = [100–(At/
min/ml sample)/(Ar/min/ml)] × 100. From the 
standard curve of SOD, it was found that one unit 
equals 153 ng. The sample enzyme activity in U/
mg protein was obtained by dividing specific 
activity by 153.

Catalase (CAT) activity (EC 1.11.1.6): Catalase 
enzyme activity was determined following the 
method of Aebi.43 In the sample cuvette, 0.1 ml of 
sample was mixed with 0.5 ml of 0.2 M sodium 
phosphate buffer at pH 7.6 and 0.3 ml of 0.5% 
H2O2. The mixture was brought to a final volume 
of 3 ml with distilled water. The breakdown of 
H2O2 was recorded by measuring the absorbance 
at 240 nm and the enzyme activity was calculated 
as the change in absorbance per minute.

Glutathione peroxidase (GPx) activity (EC 
1.11.1.9): GPx was assayed and calculated accord-
ing to the previous method.44 The assay mixture 
consisted of 100 µl GSH, 100 µl cummen H2O2, 
750 µl Tris-HCl, pH 7.6 and 50 µl of sample and 
the control consisted of 100 µl GSH, 750 µl Tris-
HCl and 50 µl of sample. The reaction was started 
by incubation of sample and control at 37°C for 
10 min, then 1 ml of (TCA, 15%) was added to test 
and control and 100 µl cummen H2O2 was added to 
control. Both were then centrifuged at 3000 rpm 
for 20 min. Finally, 100 µl of DTNB was added to 
1 ml of supernatant and the absorbance of test and 
control were read at 412 nm. The GPx activity 
(mol/min/mg protein) = E × 6.2 × 100/13.1 × 
0.05 × 10, where E = Absorbance of sample – 
Absorbance of control.

Total antioxidant capacity (TAC) assay: The 
TAC assay was determined by a standard method 
of Umamaheswari and Chatterjee.45 1 ml of sam-
ple was added to 1 ml of the solution containing 
sulphuric acid (0.6 M), sodium phosphate 
(28 mmol), and ammonium molybdate (4.0 mmol). 
The mixtures were incubated for 90 min at 95°C. 
The absorbance was measured after cooling at 
695 nm. The calculation of TAC was carried out 
using the following formula: % scavenging 

=
A At

A

−
*100 , where A is the absorbance of the 
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control and At is the absorbance of the test 
sample.

Anti-hydroxyl radical (AHR) activity: Anti-
hydroxyl radical activity was determined accord-
ing to a modified method.46 The reaction mixture 
contained 100 μl H2O2, 100 μl FeSO4, 100 μl 
2-deoxyribose-D-ribose, 2.7 ml of phosphate 
buffer pH 7.4, and 10 μl of the homogenates and 
serum. After incubation (60 min at 37°C), 0.2 ml of 
EDTA and 2 ml of TBA reagent (5.2 ml perchloric 
acid, 1.5 g thiobarbituric acid, and 60 g of trichloro-
acetic acid) were added. Afterwards, the absorb-
ance of a characteristic pink complex was measured 
at 532 nm. Results are expressed in U/mg protein.

Determination of serum triacylglycerol

Triacylglycerol (TG) was measured by the method 
described in the commercial triacylglycerol kit fol-
lowing the manufacturer’s instructions.47 Briefly, 
triacylglycerol standard or serum sample (10 µl) 
were pipetted to 1 ml reagent (Good’s Buffer, 
100 mmol/l, Magnesium Chloride, 15 mmol/l, ATP 
(Adenosina-5-Triphosphate), 4 mmol/l, 4-AAP 
(4-Aminoantipyrine), 1 mmol/l, 4-Chlorophenol, 
0.1 mmol/l, LPL (Lipoprotein Lipase), 2500 U/l, 
GK (Glycerol Chinasi), 1000 U/l, GPO (Glycerol-
3-phosphate oxidase), 5500 U/l and POD 
(Peroxidase), 1800 U/l). Tubes were mixed and 
incubated at 37°C for 5 min. Finally, absorbance of 
standard and sample were recorded against blank 
at 525 nm. The concentration of triglyceride was 
calculated by using the following formula: (mg/dl) 

= 
Absorbanceof sample

Absorbanceof standard
* .200

Estimation of serum total cholesterol

The assay for serum total cholesterol (TC) was car-
ried out according to the method of Watson using a 
commercial cholesterol kit following the manufac-
turer’s instructions.48 Briefly, cholesterol standard 
or serum sample (10 µl) were pipetted to 1 ml rea-
gent (Good’s Buffer, 100 mmol/l, Cholesterol ester-
ase, 300 U/l, Cholesterol oxidase Peroxidase, 
1500 U/l, 4-AAP, 5500 U/l, Phenol derivates 
1 mmol/l). Tubes were mixed and incubated at 37°C 
for 10 min to form a red dye compound. Finally, 
absorbance of standard and sample were recorded 
against blank at 546 nm. The concentration of total 
cholesterol was calculated by using the following 

formula: concentration of TC (mg/dl) 

=
Absorbanceof sample

Absorbanceof standard
* .200

Estimation of high and low density lipoproteins

Low density lipoproteins (LDL) and high density 
lipoproteins (HDL) were assayed using the com-
mercial kit following the manufacturer’s instruc-
tions.49,50 Briefly, sample (200 µl) was added to 
precipitating reagent (20 µl), vortexed, let stand 
for 10 min, centrifuged for 15 min at 3000 rpm. 
Then cholesterol standard or sample supernatant 
(50 µl) were pipetted to 1 ml reagent (Good’s 
Buffer, 100 mmol/l, Cholesterol esterase, 300 U/l, 
Cholesterol oxidase Peroxidase, 1500 U/l, 4-AAP, 
5500 U/l, Phenol derivates, 1 mmol/l). Tubes were 
mixed and incubated at 37°C for 10 min to form a 
red dye compound. Finally, absorbance of stand-
ard and sample were recorded against blank at 
500 nm. The concentration of HDL was calculated 
by using the following formula: Concentration  

of HDL (mg/dl) = 
Absorbanceof sample

Absorbanceof standard
× 

Standard concentration. LDL can be calculated 
by: LDL cholesterol (mg/dl) = total cholesterol–
HDL cholesterol–(triglycerides/5).

Statistical analysis

Measured data are reported as mean ± SEM 
(standard error of the mean) for eight mice in each 
group. One-way analysis of variance (ANOVA) 
was used to determine the significance of differ-
ences between mean values. Significance is noted 
at values of P < 0.05. Data were analyzed using 
SAS (version 9.4, Cary, NC). Shapiro Wilk was 
used for normality test, and Levene’s test was used 
to assess homogeneity of variance.

Results

General animal information

General information about the mice was exam-
ined, including food and water consumption, 
energy intake, tissue weight, and protein content. 
For all of these parameters, as well as for measure-
ments of the liver and brain indices, we found 
insignificant changes in the PFT-treated mice in 
comparison with the controls (data not shown).
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Effect of PFT on body weight

Body weight gain was measured as the difference 
between final and initial body weights. Data in 
Figure 2 show that treatment with PFT has no sig-
nificant effect on body weight gain in comparison 
with control aged mice. Similar results were also 
observed in the young mice.

Effect of PFT on lipid peroxidation and NO

MDA content was assayed in the form of thiobar-
bituric acid-reactive substances in liver, brain, and 
serum. Data in Figure 3 show control aged mice 
demonstrated significantly higher MDA levels in 
liver, brain and serum as compared with young 
control mice. However, treatment with PFT sig-
nificantly reduced the mean MDA values 
(P < 0.001) in the liver (–45%), brain (–19%), and 
plasma (–27%) as compared to control aged mice. 
Figure 3 also shows that the aged mice NO levels 
are significantly larger in comparison with young 
control mice. The mean NO values were signifi-
cantly lower in PFT-treated mice than those of 
aged controls by –53%, –40%, and –18% for NO 
levels of the liver, brain, and plasma of the aged 
controls, respectively. PFT counteracted the 
increase in NO and MDA levels related to aging. It 

can also be noted that young mice experienced the 
same trend.

Effect of PFT on GSH and GST level

The effect of PFT administration on GSH and GST 
levels was examined in different tissues. Aged 
mice had a highly significant depletion (P < 0.05) 
of GSH levels in the liver, brain, and serum in 
comparison with young mice (Figure 4), but PFT 
treatment significantly increased the GSH level in 
aged mice as follows: liver 22%, brain 26%, and 
serum 67%. A similar trend in results was obtained 
in GST activity in the liver, brain, and serum of 
aged mice (Figure 4). Results in Figure 4 also 
showed similar effects for young mice.

Effect of PFT on the antioxidant enzymes GPx, 
CAT, and SOD

The effect of PFT on GPx, CAT, and SOD in differ-
ent tissues of aged mice in the presence and absence 
of PFT is shown in Figure 5. GPx levels in control 
untreated aged mice was significantly decreased 
(P < 0.05) in different tissues in comparison with 
control young mice. On the other hand, PFT treat-
ment of aged mice resulted in a significant increase 
in GPx levels in comparison with aged untreated 
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mice and led to levels similar to those seen in the 
young groups. Liver, brain, and serum tissues of 
aged mice showed increases of 36%, 42%, and 
35%, respectively. Figure 5 also shows a highly 
significant increase (P < 0.05) in CAT and SOD 
activities in PFT treated mice in comparison to the 
control aged mice. Interestingly, young mice dem-
onstrated the same trend.

Effect of PFT on total antioxidant capacity

TAC levels measured in different tissues are pre-
sented in Figure 6. TAC levels of aged mice are sig-
nificantly lower in the liver, brain, and serum 
(P < 0.05) as compared to control young mice. Aged 

mice treated with PFT, however, had significantly 
higher levels of TAC in the liver (26%), brain (42%), 
and serum (44%) as compared to control aged ani-
mals. PFT prevented the age-associated decrease in 
TAC levels. The TAC was shown to exhibit a similar 
pattern in young mice.

Effect of PFT on anti-hydroxyl radical activity

Control aged mice demonstrated a significant decline 
in the a AHR activity in different tissues relative to 
young control mice (Figure 7), but PFT administra-
tion in aged mice increased AHR levels in the liver 
(19%), brain (18%), and serum (19%). These results 
suggested that PFT could inhibit oxygen radical 
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generation of aged mice. It is noteworthy that young 
mice showed a similar trend.

Effect of PFT on liver function and total  
protein levels

PFT’s effect was measured on the liver enzymes 
ALT and AST and on total protein levels. Figure 8 
shows that ALT, AST, and total protein were sig-
nificantly higher in control aged mice relative to 
control young mice. However, supplementation 

with PFT resulted in a significant decrease in ALT 
(–53%) and AST (–69%) activities relative to 
untreated aged control mice. Results in Figure 8 
also show an insignificant difference in young mice 
with respect to the levels of AST and total protein.

Effect of PFT on lipid levels

Figure 9 shows the lipid profile levels of TC, TG, 
LDL, and HDL. Levels of TC, TG, and LDL dra-
matically increased in control aged mice, while 
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Figure 4.  Effect of PFT administration on GSH and GST levels. Each value represents the mean ± SEM for eight animals per group.
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HDL level decreased, as compared with young 
mice. On the other hand, PFT-treated aged mice 
exhibited a significant decline in the lipid profile 

for TC (–34%), TG (–16%), and LDL (–57%) rela-
tive to untreated aged control mice, thus bringing it 
close to the levels of control young mice. It is of 
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interest to note that HDL concentrations increase 
by 77% in PFT-treated aged mice. PFT administra-
tion to young mice resulted in a significant decrease 
in serum TC and TG with a significant elevation in 
serum HDL levels compared to control young 
mice, while serum LDL levels were not affected by 
PFT supplementation to young mice.

Discussion

A major cause of age-related diseases is oxidation 
caused by reactive oxygen species (ROS). Therefore, 
increasing evidence has been mounting of the poten-
tial for nutraceuticals to counter-act age-associated 
oxidative stress and molecular alterations. The pre-
sent study shows that PFT, a novel kefir product, has 
the ability to reverse age-associated oxidative stress 
in mice by inhibiting oxygen radical generation; 
increasing GSH, TAC, AHR, and enzymatic anti-
oxidant capacity; and decreasing the levels of MDA 
and NO of aged mice. The levels of lipid peroxida-
tion and antioxidant capacity of PFT-treated aged 
mice were comparable to that of young mice. Recent 
studies showed that other probiotics have the ability 

in mice to improve biomarkers’ expression related 
to aging and alleviate oxidative stress, including the 
probiotic Dahi (containing Bifidobacterium bifidum 
and Lactobacillus acidophilus)51 and Lactobacillus 
plantarum AR113 and AR501.52 Other LABs have 
also been shown to relieve oxidative stress in other 
models.53,54 Furthermore, we have previously shown 
that MRN-100, an iron-based dietary supplement, 
can reverse age-related oxidative stress.18,19 Finally, 
other dietary components that exhibit antioxi-
dant properties, such as selenium and vitamins A, C, 
and E, can ameliorate oxidative damage.55,56

The mechanisms underlying PFT’s effect may 
include its enhancement of antioxidant defense sys-
tems, both enzymatic and non-enzymatic. Our 
results show that aged mice have significantly lower 
levels of antioxidant enzymes (GPx, CAT, and SOD) 
in comparison with young mice. These lower levels 
are observed in the brain, liver, and blood of 
untreated aged mice and agree with observations 
noted in other earlier studies.9,13,14,57 PFT supple-
mentation for aged mice dramatically increased 
these antioxidant enzymes’ activities to levels within 
range of the young mice’s enzyme activity. Enzyme 
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Figure 8.  Effect of PFT on liver function and total protein levels in the serum of young and aged mice. Each value represents the 
mean ± SEM for eight animals per group.
aSignificantly different from Young-control at P < 0.05.
bSignificantly different from Young-PFT at P < 0.05.
cSignificantly different from Aged-control at P < 0.05.
dSignificantly different from Aged-PFT at P < 0.05.
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activation induced by PFT may increase the hydro-
gen peroxide to water conversion rate mediated by 
GPx and CAT as well as the superoxide to hydrogen 
peroxide conversion rate mediated by SOD.58,59

With regard to the non-enzymatic antioxidant 
defense system, PFT’s effect may include its action 
relevant to GSH. GSH is a protective endogenous 
antioxidant that is important in combating free radi-
cals and other oxidants, and it has been linked with 
inflammatory responses and immune modulation.60 
One potential method to protect cells from damage 
caused by ROS is to restore intracellular levels of 
GSH by exogenous administration of GSH or its 

precursors, a method that has therapeutic potential 
for protecting lungs against injury, inflammation, 
and oxidative stress.61–63 Our observed depletion of 
GSH levels in aged mice agrees well with other 
studies,2,64 while we also observed that GSH levels 
for PFT-treated aged mice were restored to levels 
similar to those of young control mice. Altogether, 
the present results indicate that PFT has a free radi-
cal-scavenging effect in vivo.

The correlation between age-related changes in 
lipid metabolism and oxidative stress has recently 
been of great interest.65–67 Increased lipid content  
is thought to result in decreased antioxidant  
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enzyme expression, increased NADPH oxidase 
expression, and increased reactive oxygen species 
concentrations.68 This may represent an additional 
mechanism by which PFT is able to exert antioxi-
dant capabilities. In this study, PFT supplementa-
tion in aged mice exhibited significant decreases in 
the concentrations of TC (–34%) and TG (–16%) 
relative to untreated aged control mice, as shown 
in Figure 9. Importantly, the concentration of the 
“bad cholesterol” LDL, problematic for its role in 
distributing cholesterol onto the arterial walls of 
the heart, also decreased significantly (–57%) in 
the PFT-treated group relative to aged control. In 
conjunction with the decrease in LDL, HDL con-
centrations were shown to increase by 77% in PFT-
treated aged mice relative to aged control. 
Treatment with PFT in aged mice returned levels 
of TC, TG, LDL, and HDL to near that of the young 
control mice. These data suggest that another 
mechanism by which PFT may reduce oxidative 
stress is through changes in the lipid profile. This 
data is in accordance with earlier findings that 
show how detrimental changes to the lipid profile 
result in increased oxidative stress.68,69 However, 
there is inconsistency regarding elevated LDL/
reduced HDL for aged versus young individuals. 
There are plenty of inconclusive studies about how 
this behaves, with some showing increases in LDL 
up to middle-age and then a flat-line or reduction, 
and similarly for HDL, a decrease to a certain point 
followed by flat-line or small increase.70,71

Additionally, oxidative stress in tissues also leads 
to damage of hepatocytes. One of the most common 
indicators of the damage to liver cells is the release 
of intracellular transaminase enzymes in the circula-
tion.72,73 In the current study, AST and ALT activi-
ties were raised in aged mice, indicating that the 
hepatic function was affected by age and oxidative 
stress. Figure 8 shows that supplementation with 
PFT resulted in a significant decrease in ALT (–53%) 
and AST (–69%) activities relative to untreated aged 
control mice. Based on this result, we argue that 
PFT may have hepato-protective effect.

The mechanisms by which PFT induces an anti-
oxidant effect in non-GI tissues such as the blood, 
liver, and brain are not fully understood. The effect 
might be due to the presence of bioactive mole-
cules produced by probiotics. Other LAB studies 
have reported bioactive molecules such par-
asporin-2Aa1 (from Bacillus thuringiensis strain 
A1547),74 epsilon-poly-L-lysine (from marine 

Bacillus subtilis SDNS),75 and polyphosphate 
(poly P) (from L. brevis SBL8803).76 PFT, which 
is mainly constituted of L. kefiri P-IF, does have 
unique characteristics among LAB, namely that 1) 
due to surface carbohydrate chains, P-IF can grow 
three-dimensionally whereas other L. kefiri strains 
grow lengthwise, and 2) P-IF can produce car-
bonic acid by using galactose as a carbon source.32 
Our earlier studies showed that PFT induces apop-
tosis in human multidrug-resistant (MDR) mye-
loid leukemia (HL60/AR) cells27 and it inhibits 
Ehrlich Ascites Carcinoma in mice via induction 
of apoptosis and immunomodulation.77 These 
could potentially indicate other channels of activ-
ity for PFT’s effects.

In addition to studying aged mice, it has been 
interesting to compare the effects of PFT on the 
redox homeostasis of juvenile mice. Results of the 
current study show that young mice are also sub-
jected to oxidative stress, and furthermore that 
treatment with PFT was able to correct the param-
eters under investigation. The oxidative stress the-
ory of aging offers the best mechanistic elucidation 
of the aging phenomenon and other age-related 
diseases. The age associated decline in the effi-
ciency of the antioxidant system and oxidative 
damage to proteins and lipids is evident in the cur-
rent study on mice as well as in our earlier study 
on rats.19 A similar finding has also been reported 
in humans by Maciejczyk et al78 who showed that 
elderly subjects (65–85 years old) demonstrated a 
significant decrease in the efficiency of both enzy-
matic and non-enzymatic antioxidant systems as 
compared with adults (25–45 years old). However, 
when compared to children (2–14 years), aged 
subjects did not show a significant difference in 
the antioxidant enzymes. Maciejczyk et  al sug-
gested that it is mainly non-enzymatic antioxi-
dants (GSH, uric acid) that are responsible for 
differences in the redox status of aged subjects. In 
this study, we did not observe such a dissociation 
between enzymatic and non-enzymatic antioxi-
dants between young (2 months old) and aged 
mice (10 month old). This discrepancy may be 
related to differences in physiological and growth 
changes in mice and humans.

PFT has been shown to be non-toxic in several 
studies. In a study of human PBMCs treated with 
5.0 mg/ml of PFT for 3 days, no significant change 
in apoptosis percentage was found.30 Mice that 
were orally administered PFT for 30 days showed 
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normal behavior and feeding activity, and they 
maintained normal health levels without any side 
effects.77 Additionally, in earlier in vivo studies, 
mice treated with PFT had no histopathological or 
macroscopic abnormalities in different organs and 
no change in body weight.79

Results of the current study have focused on bio-
markers, but the evaluation of oxidative damage to 
proteins and DNA can also give important insights 
into the dynamics of oxidative stress and should be 
considered in future studies. In addition, while we 
have shown that the ratio between antioxidants 
increased and pro-oxidants decreased, suggesting that 
PFT promotes antioxidant mechanisms under the 
dose and conditions in this study, we cannot exclude 
the pro-oxidant effect of PFT. Other antioxidants such 
as vitamin C and flavonoids, though known as potent 
antioxidants, have been shown in other studies to 
exert pro-oxidant effects.80,81 This should be explored 
further. Finally, our results indicate the effectiveness 
of dietary PFT supplementation in modulating oxida-
tive stress in mice. Whether supplementation with 
antioxidative PFT can change oxidative stress in aged 
humans remains to be evaluated.

Conclusion

In conclusion, we have shown that PFT, a novel 
kefir product, can alleviate age-inflicted oxidative 
stress. PFT reduces oxidative stress biomarkers 
and augments endogenous antioxidant enzymes in 
aged mice. Daily supplementation with PFT may 
protect against age-associated oxidative stress.
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