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Kinetin (Kn) is a cytokinin growth factor that exerts
several anti-aging and antioxidant effects on cells and
organs. To investigate the mechanism underlying apoptotic
events in aging cells induced by D-galactose (D-gal), we
examined the effect of Kn delivered via nuchal
subcutaneous injection on D-gal-induced aging and
apoptosis in rats. Our results showed that interleukin (IL)-2
levels and mitochondrial membrane potential (AY m) were
decreased by Kn in aging rats while IL-6 production and
apoptosis increased. In addition, the expression of
anti-apoptotic Bcl-2 was low while that of Bax was high in
the aging group. After treated with Kn, compared with
aging group, there showed obvious difference in Kn group
with elevated IL-2, proliferation index, Bcl-2, A¥Y m and
decreased IL-6 and Bax in splenic lymphocyte. Based on
these results, we concluded that Kn can effectively protect
the rat spleen from aging, apoptosis, and atrophy.
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Introduction

Kinetin (Kn) is a cytokinin and belongs to a group of gland
purine derivatives, and Kn protects against oxidative
damage and exerts powerful anti-aging effects. Kn activates
superoxide dismutase (SOD) and glutathione peroxidase
(GSH-PX), and can serve as a direct free radical antagonist.
Additionally, it has shown that Kn exerts significant
anti-oxidant and anti-aging effects on skin cells [1,5].

Apoptosis, also known also as programmed cell death, is
the result of gene regulation in cells that helps balance the
dynamic stability between cell proliferation and death, and
apoptosis occurs in aging organs involved in immunity
[18]. Mitochondrial membrane potential (A%¥'m) is required

to maintain normal mitochondrial function. Low AWm is an
important indicator of apoptosis. Decreased A¥m leads to
reduced ATP synthesis and inhibits mitochondrial
oxidative phosphorylation [10]. In addition, a previous
study showed that interleukin (IL)-2 and IL-6 influence the
aging process, apoptosis, and immunity [11]. In the current
study, we measured changes in A¥m associated with
D-galactose (D-gal)-induced aging and expression of
apoptosis-related genes in rat spleen. Results of the current
study showed that Kn helped protect spleen lymphocytes
from apoptosis and prevented splenic atrophy.

Materials and Methods

Animals

SD (Rattus norregicus) rats (100 rats, 2 months old,
average body weight [BW]: 200 + 20 g, and there was a
random distribution of male and female animals in the
study) were obtained from the laboratory animal center of
Xi’an Jiaotong University (certification of qualification
no. 2012-003; China) and housed in a clean environment.
The animals were randomly divided into five groups: the
control, aging, low Kn dose, middle Kn dose, and high Kn
dose groups (20 rats each group).

Reagents and primer design

Kn (K3378) and D-gal were obtained from Sigma (USA).
Kn was made into a solution with 0.06 mol/L. Enzyme-
linked immunosorbent assay (ELISA) kits specific for IL-2
and IL-6 were obtained from Xinbosheng Biotechnology
(China). Lymphocyte separation medium was purchased
from Shanghai Huajing Biological Technology (China). A
A¥Ym detection kit (JC-1), annexin V-FITC apoptosis
detection kit, and cell cycle detection kit were obtained
from BiYunTian (China). A total DNA/RNA extraction Kkit,
First Chain UltraSYBR Mixture, and SuperQuickRT

*Corresponding author: Tel: +86-2987091201 ; Fax: +86-2987091201; E-mail: oywq2014@163.com

(©) 2014 The Korean Society of Veterinary Science.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



354 Mengyun Li et al.

cDNA synthesis kit were purchased from CoWin
Bioscience (China). The following PCR primers from Mus
musculus were used for the experiment.

Bcel-2-F: 5"-GGTTTCATCCAGGATCGAGCA-3’
Bcl-2-R: 5"-CGTCAGCAATCATCCTCTGCA-3’
Bax-F: 5-TGGACAACATCGCTCTGTGGA-3’
Bax-R: 5'-TCAAACAGAGGTCGCATGCAG-3’
B-actin-F: 5'-ATGGAAGAAGAAATCGCCGC-3’
B-actin-R: 5'-ACACGCAGCTCGTTGTAGAA-3’

Equipment

An A1R laser confocal microscope (Nikon, Japan), BD
FACSAria flow cytometer (Becton, Dickinson and
Company, USA), and an ELx800 absorbance microplate
reader (BioTek Instruments, USA) were used for the study.

Establishment of the aging rat model and treatment

The rats were randomly divided into five groups of 20
animals each and allowed to acclimate for 1 week to reduce
stress. The animals were given food and clean water, and
the temperature was maintained at 20°C. The control group
was continuously injected subcutaneously with normal
saline (125 mg/kg; BW) for 45 days. Rats in the other four
groups (aging, low Kn, middle Kn, and high Kn groups)
were continuously injected subcutaneously with D-gal
(125 mg/kg, BW) for 45 days. Starting on experimental
day 11, rats in the control group and aging group were
given normal saline (125 mg/kg, BW) while rats in other
groups were given different doses (5 mg/kg BW, 10 mg/kg
BW, and 20 mg/kg BW) of Kn per day until experimental
day 45.

Change of the morphology of the spleen lymphocytes was
observed continuously to day 45 before the animals were
euthanized by injected subcutaneously. The spleen of each
rat was collected, weighed, and ground into a 10% tissue
homogenate (1 g spleen and 9 g saline, tissue grinders).
The homogenate was then centrifuged at 1,500 x g force
for 10 min at room temperature (RT). The supernatants
were collected and the levels of SOD, GSH-PX, and MDA
activity were measured with hydroxylamine, colorimetric,
malondialdehyde colorimetric method.

Measurement of IL-2 and IL-6 levels

The serum concentrations of IL-6 and IL-2 were
measured on day 45 with a double-antibody sandwich
ELISA according to manufacturer’s instructions.

Preparation of spleen lymphocyte suspensions
Sterile spleen tissues were recovered from each group of
rats on day 45 and ground into a homogenate (in 1 mL PBS
buffer) that was centrifuged at 1,000 x g for 20 min at RT.
The lymphocytes were removed and cell viability was
assessed with trypan blue solution (survival rate > 97%;

BiYunTian). Last the lymphocytes in suspension (1~ 10 x
10° cells/mL) were grown in culture medium containing
10% calf serum (Hyclone Laboratories, USA) at 37°C.

Detection of A¥Ym

Some spleen lymphocytes suspension (cell counting, 6 x
10° cells/mL) was carried out according to the
manufacturer’s instructions (JC-1) using flow cytometry
detection and confocal microscope. The results were
analyzed using the ratio of polymer (red fluorescence) and
monomer (green fluorescence) as changes in the AWm.

Detection of apoptosis

Apoptosis of the lymphocytes was assessed with the
annexin V-FITC apoptosis detection kit according to the
apoptosis manufacturer’s instructions. The results were
analyzed and the apoptosis rate was determined by flow
cytometry.

Cell cycle analysis

Aliquots of the spleen lymphocyte suspension (~1.17 x
10° cells/mL) were added to 96-well plates (in triplicate for
each rat; Corning, USA) with 5 puL of concanavalin A (5
ug/mL; BiYunTian). The cells were washed with PBS and
stained with propidium iodide (EMD Millipore, USA).
Using flow cytometry, data for Gap0/1 (GOG1), synthesis
phase (S), and mitotic phase (G2M) were analyzed and the
proliferation index (PI) indicated the spleen lymphocyte
proliferation index as follows:

S+ G2M

Pl =i+ 5+ ol

< 100%

Reverse transcription (RT)-PCR

Total mRNA from the spleen cells was isolated using a
Trizol kit (Invitrogen, USA) according to the
manufacturer’s instructions. cDNA was transcribed from
the mRNA using a RevertAid First Strand cDNA Synthesis
Kit (Thermo Fisher Scientific, USA) according to the
manufacturer’s instructions. PCR was conducted at 94°C
for 5 min followed by 30 cycles of 94°C for 30 sec, 57°C for
30 sec, and 72°C for 1 min. The levels of Bax and Bcl-2
mRNA expression were normalized to that of B-actin (RNA
concentration was performed using spectrophotometer;
Shimadzu, Japan).

Statistical analyses

Statistical analysis was conducted with SPSS software
(ver. 20.0; IBM, USA). A one-way ANOVA was used to
perform inter-group comparisons and a post-hoc Duncan’s
test was used to make multiple comparisons. All data are
expressed as the mean + standard deviation (SD). A p value
< 0.05 was considered significant, a p value < 0.01 was
considered highly significant, and a p value < 0.0001 was



considered extremely significant.

Results

Establishment of the aging rat model

Rats in the aging group showed symptoms of aging
characterized by depression, a thick coat, and slow activity.
As shown in Fig. 1, these values of spleen index, SOD,
GSH-PX, and MDA in the aging group were significantly
different (p < 0.01) from those of the control group. These
results indicated that the aging rat model was successfully
established.

The change of IL-2 and IL-6 production
As shown in Fig. 2, compared with control group, IL-2
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Fig. 1. Spleen oxidative (spleen index, SOD, MDA, and
GSH-PX) indices for the different groups. **p < 0.01.
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levels were significantly decreased while IL-6
concentrations were significantly increased (p < 0.01) in
aging group. After treatment with different doses of Kn,
the levels of IL-2 in the spleen was high (p < 0.01) while
the IL-6 content was obviously reduced (p < 0.05) in

aging group.

Changes of spleen lymphocyte A¥Ym

The A%¥m of the control group (indicated by intense red
fluorescence) was obviously greater than that in other
groups, and the red fluorescent/green fluorescent ratio was
15.66 £ 0.38 as measured by flow cytometry. After
treatment with carbonyl cyanide m-chlorophenyl-
hydrazone (CCCP, an inhibitor of the mitochondrial
electron transport chain; BiYunTian) as a positive control,
A¥Ym almost completely disappeared as indicated by
staining with JC-1 (green fluorescence). The red
fluorescence/green fluorescence ratio for the aging group
was significantly lower than that of the control group (p <
0.01). After treatment with Kn, the A¥Wm decreased
compared to the control group and increased relative to the
aging group (p < 0.01). Additionally, our results also
proved that changes in green fluorescence corresponded to
alterations in the apoptosis rate (Fig. 3).

Changes of apoptosis rates

The lymphocyte apoptosis rate of the aging group
increased significantly compared to that of the control
group (p < 0.01; Fig. 4). The lymphocyte apoptosis rate of
the Kn treatment group (High Kn groups) decreased and
the difference between the aging group and control group
was extremely significant (p < 0.01; Fig. 4).

Changes in the cell cycle and PI value
As presented in Fig. 5, the percentage of lymphocytes in
the quiescent stage increased for the aging group and PI
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Fig. 2. Difference in IL-2 and IL-6 production in the different groups. After treatment with kinetin (Kn), the expression levels of IL-2
and IL-6 in the control and high dose groups were similar. *p < 0.05 and **p < 0.01; n.s. means no significant difference.



356 Mengyun Lief al.

N
o
J

Red fluorescence/
green fluorescence ratio
N -
)] o [é,]
1 1 1

Fig. 3. Spleen lymphocyte mitochondrial membrane potential (A¥m) for each group. The red fluorescence/green fluorescence ratios
showed that Kn helped restore the A¥m in aging cells. A¥m (A) of the control group indicated by red fluorescence. (B) After treatment
with CCCP, the A¥m almost disappeared as indicated by green fluorescence resulting from JC-1 staining. A¥m (C) for the aging group,
(D) middle Kn dose group, and (E) high Kn dose group. Scale bars = 100 um.
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Fig. 4. The rates of spleen lymphocyte apoptosis for each group. Spleen lymphocyte apoptosis (E) in the control group; the apoptosis
rate was 3.68%. (F) In the aging group, the apoptosis rate was 16.46%. (G) In the middle dose group, the apoptosis rate was 8.32%. (H)
In the high dose group, the apoptosis rate was 5.76%. PI: proliferation index.



index was reduced compared to the control group (p <
0.01). After Kn treatment, the number of lymphocytes in
the different cell cycle stages showed significant
difference (Fig. 5).

Changes in the expression of Bax and Bcl-2 mRNA
in rat spleen lymphocytes

From Fig. 6, Bcl-2 mRNA expression in the aging group
decreased significantly relative to that in the control
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animals, and that Bcl-2 mRNA expression was partially
restored by Kn treatment but was still significantly reduced
compared to the control rats (p < 0.01). Additionally,
please consider stating whether or not the dose of Kn
affected Bcl-2 expression (e.g., was there a difference
between rats given the high dose and ones that received a
low dose?). In contrast, the expression of Bax mRNA
increased in the aging group compared to the control group
(» < 0.01; Fig. 6). However, there was not difference
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Fig. 5. Changes in the cell cycle and PI values for each group. The percentage of PI, G2M, and S phases in spleen lymphocytes and GOG1
(*p < 0.05; **p < 0.01; n.s., not significant, respectively). Spleen lymphocytes (I) in the control group with a higher percentage of
cells in the G2M and S phase. (J) In the aging group, there were reduced proportions of cells in the G2M and S phases. (K) Treatment
with the middle Kn dose increased the proportion of cells in the G2M and S phases. (L) The high Kn dose significantly increased the
proportion of cells in the G2M and S phases.
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Fig. 6. Differences in the expression of Bax and Bcl-2 in each group (*p < 0.05 and **p < 0.01; n.s., not significant). The effects ot
Kn on the expression of Bcl-2 and Bax in spleen lymphocytes. Lane 1, the control group; Lane 2, the aging group; Lane 3, the low dose
group (D-gal + 5 mg/kg Kn); Lane 4, the middle dose group (D-gal + 10 mg/kg Kn); Lane 5, the high dose group (D-gal + 20 mg/kg
Kn).

between the high Kn group and control group.

Discussion

Animal aging is a spontaneous and inevitable process.
Presently, there are many theories about the mechanisms
underlying the aging process such as ones involving free
radicals, immune decline, and cell apoptosis [20]. Tissues
and organs exhibit age-related decreases in functions and
atrophy that result in reduced skin tone, brain atrophy,
dementia, and lowered immunity [2,7]. Additionally, it has
been shown that aging is accompanied by increased
apoptosis and decreased immune function [16]. Kn is
widely found in plants and animals, and may effectively
protect against aging in human fibroblasts [12]. This factor
has anti-aging effects, acts synergistically with Vitamin B3
[14], and can affect cell shape as well as the internal
cytoskeleton structure [4].

D-gal affects cell metabolism resulting in excessive
accumulation of reactive oxygen species with increased
free radicals, eventually resulting in aging and a variety of
age-related disease [6]. Our current study has shown that
SOD and oxidase activity decrease after subcutaneous
injection of D-gal according with the previous studies
[8,11]. Our results also demonstrated that spleen index,
SOD, and GSH-PX decreased in the aging group while
MDA activity increased.

IL-2 and IL-6 secreted by lymphocytes play a pivotal
role in immune regulation. During the aging process, 1L-2
levels decrease while IL-6 production increases [3]. Our
results showed that Kn increased the expression of both
IL-2 and IL-6. Interestingly, our results proved a well
character compared to aging model, and rescue was
positively correlated with the Kn dosage. The results
clearly demonstrate the effect of Kn on immune regulation

and anti-aging activities.

With aging, there is a substantial reduction in AYm and
excessive apoptosis as observed by green fluorescence
using JC-1 staining [10]. Agreeing to previous results,
mitochondrial membrane potential treated with Kn
showed lower in control group than aging model group,
indicating that Kn had obvious anti-aging effect to
confront spleen aging rats and maintained higher AYm. A
previous study indicated that apoptosis rates increase with
increasing age [19]. Our results demonstrated that Kn
prevented apoptosis of the rat spleen lymphocytes in a
dose-dependent manner in the aging group, and effectively
inhibited D-gal-induced apoptosis.

The aging has been reported for the comprehensive
performance and the most notable features of cell cycle is
of block in GOG1 phase while cells in S phase and G2M
phase reduced PI index [9,15]. Our results demonstrated
that Kn can decrease the number of resting cell and
increased the PI index, indicating that Kn promotes cell
division and a smooth transition from the GOG1 phase into
the S phase. Furthermore, our data suggest that Kn helps
maintain the vitality and immune functions of spleen cells,
thereby conferring protection against apoptosis and aging.

Under normal physiological conditions, the expression
level of Bax is low in cells while that of Bcl-2 is high. In
aging cells, the expression of Bcl-2 is decreased and the
expression of Bax is elevated [13,17]. Our study showed
that D-gal significantly decreased Bcl-2 expression in the
aging group while Kn administration restored Bcl-2
expression. These results indicated that Kn can improve
the PI index, reduce the proportion of resting cells, and
protect against apoptosis by regulating the expression of
Bcl-2 and Bax.

In summary, we have presented evidence that Kn helps
regulate the expression of Bcl-2 and Bax, and effectively



inhibits apoptosis of spleen lymphocytes while promoting
lymphocyte proliferation. This could enhance immunity
and have anti-aging effects. Furthermore, our data suggest
that Kn not only inhibits age-related atrophy of the spleen
and delays the aging of spleen lymphocytes, but also alters
the A¥Ym and protects spleen cells from apoptosis.
However, further studies are needed to elucidate the
detailed molecular mechanisms underlying the changes of
A%¥m and other effects of Kn on the aging process.
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