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Small-leaved Kuding tea is a traditional Chinese tea that is rich in polyphenols. In the current study, we investigated the preventive
effect of small-leavedKuding tea (SLKDT) onD-galactose-induced oxidative aging inmice. Changes in serum, skin, liver, and spleen
of experimental animals were determined using biochemical andmolecular biology techniques. Biochemical analysis demonstrated
that polyphenol extract of SLKDT (PSLKDT) improved the indices of the thymus, brain, heart, liver, spleen, and kidney function
in model mice. PSLKDT prevented a decrease in the levels of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px),
and glutathione (GSH) as well as an increase in nitric oxide (NO) and malondialdehyde (MDA) levels in serum, liver, and spleen.
Pathological assessment also showed that PSLKDT reduced oxidative damage induced by D-galactose in skin, liver, and spleen.
We further found that PSLKDT upregulated neuronal nitric oxide synthase (nNOS), endothelial nitric oxide synthase (eNOS),
Cu/Zn-SOD,Mn-SOD, catalase (CAT), heme oxygenase-1 (HO-1), nuclear factor (nuclear factor-erythroid 2 related factor 2 (Nrf2),
𝛾-glutamylcysteine synthetase (𝛾-GCS), and NAD(P)H dehydrogenase [quinone] 1 (NQO1) mRNA expression and downregulated
inducible nitric oxide synthase (iNOS) mRNA expression. Protein levels of SOD1 (Cu/Zn-SOD), SOD2 (Mn-SOD), CAT, GSH1 (𝛾-
glutamate-cysteine ligase), and GSH2 (glutathione synthetase) in the liver and spleen were also increased by PSLKDT treatment.
Collectively, these results indicate that PSLKDT is effective in preventing D-galactose-induced oxidative aging in mice, and its
efficacy is significantly higher than antioxidant vitamin C. Because PSLKDT is a potent antioxidant and antiaging polyphenol,
Kuding tea rich in PSLKDT should be considered an ideal drink with antioxidative and antiaging effects.

1. Introduction

Kuding tea, the leaf of broadleaf holly, has been used as herbal
tea in China for more than 2,000 years. Its production and
consumption are second only to regular tea (Camellia tea);
Kuding tea is viewed as the best among the non-Camellia
teas [1]. Based on the different plant origins, Kuding tea
can be divided into big-leaved and small-leaved Kuding tea

(SLKDT). Big-leaved Kuding tea is derived from the plant
I. kudingcha C. J. Tseng, whereas small-leaved Kuding tea
originated from the plant Ligustrum robustum (Roxb.) Bl. [2].
Studies have indicated that SLKDT has a variety of medicinal
properties such as dispersing heat and resolving toxins,
anti-inflammatory, bactericidal, improving hypertension and
hyperlipidemia, helping in weight control, and diuretic [3].
SLKDT contains various bioactive components, including
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Table 1: Gradient elution procedure.

No. Time (min) Current speed (mL/min) 0.1% formic acid (%) Acetonitrile (%)
1 0 0.6 90 10
2 6.5 0.6 81.5 18.5
3 27.5 0.6 64.5 35.5
4 32.5 0.6 0 100
5 42.5 0.6 0 100

polyphenols, flavonoids, amino acids, caffeine, essential oils,
and trace elements [4]. In particular, the polyphenol content
in SLKDT is as high as 6% [5], and thus, SLKDT drink is
viewed as a health product.

Aging is a natural, gradual process occurring in organ-
isms, which involves incurring various damage to the body.
Aging is associated with many diseases, including hyper-
tension, type-2 diabetes, atherosclerosis, and senile demen-
tia [6–8]. Excessive production of reactive oxygen species
can damage large biological molecules that lead to cell
senescence. During aging, increased production of hydrogen
peroxide by the mitochondria can cause oxidative damage
to the body [9]. How to achieve a balanced oxidative and
reductive process (redox homeostasis) is thus a key issue in
aging research. In addition, the identification of regulatory
genes involved in redox homeostasis has become a new
approach to delay the aging process [10]. D-galactose is an
agent often used for experimental induction of aging, and
animal aging models induced with D-galactose are similar
to natural aging. The consumption of a small amount of D-
galactose can be converted to glucose in the body, which
in turn participates in metabolism. However, intake of large
amounts of galactose causes metabolic disorder in cells,
resulting in alterations in the activity of oxidative enzymes,
and increased production of superoxide anions and oxidative
products, which cause oxidative damage to the structure
and function of large biological molecules, ultimately leading
to aging of the body [11]. Aging models established with
the administration of D-galactose have been widely used to
assess the antiaging efficacy of antioxidant compounds and
develop the antiaging heath products. It has been shown
that structural characters of plant polyphenols afford them
potent antioxidant and free radical-scavenging capabilities.
Phenolic hydroxyl groups, particularly the ortho-phenolic
hydroxyl groups in pyrocatechin and pyrogallol, are easily
oxidized to quinones, which quench reactive oxygen species
and inhibit the generation of lipid free radicals, resulting
in reduced oxidation in tissues [12]. Plant polyphenols have
been proven to have antioxidant activity in both animal and
human studies [13, 14]. For example, green tea polyphenols
have been shown to impart antioxidant and antiaging effects
by enhancing threemajor antioxidant enzymes, namely, SOD,
GSH-PX, and CAT [15].

In this study, we administered polyphenol extract of
SLKDT (PSLKDT)made fromSLKDT toD-galactose-treated
mice (oxidative aging model) and determined its effect on
relevant serum and tissue markers as well as oxidative aging-
related genes for mechanistic analysis. The results provide
useful information for conducting future human studies and
in developing health-promoting products.

2. Materials and Methods

2.1. Extraction of PSLKDT. Five hundred grams of SLKDT
was made into powder and dissolved in 50mL of 45% (w/w)
ethanol solution. The mixture was extracted under 90∘C
for 30min twice, and then two parts of the extract were
combined. After the extract was adjusted to pH 6.0, 800mL
of precipitation solution containing 30 g AlCl3 and 60 g
ZnCl2 was added to the extract for precipitation, followed by
centrifugation at 3,000 rpm for 10min. Next, 1,000mL of 12%
HCl was added to the precipitated extract for transfer. After
that, the supernatant was collected and mixed with 100mL
of ethyl acetate for further extraction twice. The resulting
extraction solution was dried under rotating evaporation to
generate PSLKDT [16].

2.2. Analysis of PSLKDT Composition. Catechin (0.9mg),
caffeic acid (2.0mg), GCG (1.9mg), ferulic acid (1.2mg),
isochlorogenic acid B (2.0mg), and isochlorogenic acid
A (1.1mg) were separately added to each EP tube con-
taining 2mL of methanol. The prepared standard stock
solutions contained 0.45mg/mL catechin, 1.0mg/mL caffeic
acid, 0.95mg/mL GCG, 0.6mg/mL ferulic acid, 1.0mg/mL
isochlorogenic acid B, and 0.55mg/mL isochlorogenic acid
A, respectively. A mixed standard solution was prepared by
mixing 100 𝜇L of each standard stock solution together in a
vial. Liquid chromatography (UltiMate3000 HPLC System,
Thermo Fisher Scientific, Waltham, MA, USA) conditions
were Thermo Accucore C18 column (150 × 1.6mm, 2.6 𝜇m);
temperature: 30∘C, high limit 110.0∘C, and low limit 5.0∘C;
flow rate: 0.6mL/min; detector: UVdetector; detectionwave-
length: 280 nm; mobile phase: acetonitrile and 0.1% formic
acid; gradient elution with constant flow rate and altered
ratios of acetonitrile: 0.1% formic acid with time as shown in
Table 1; sample injection: 2 𝜇L/injection × 6 times; standard
mixture (6 standards) was injected in 21–25 𝜇L gradient, for
a total of 5 times.

2.3. Experiments Involving an Oxidative Aging Animal Model.
A total of 50 specific pathogen-free male and female ICR
mice (six-week-old) were acclimated for one week and then
randomly divided to five groups (n=10/group, half for each
gender): normal control, model, low-dose PSLKDT gavage
(PSLKDT-L), high-dose PSLKDT gavage (PSLKDT-H), and
vitamin C gavage (Vc); themice in normal control andmodel
groups did not treatment; the mice in PSLKDT-L, PSLKDT-
H, and Vc group were treated with 50mg/kg PSLKDT,
100mg/kg PSLKDT, and 100mg/kg vitamin C every day by
gavage, respectively. After a four-week gavage treatment, all
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Table 2: Sequences of primers used in this study.

Gene Name Sequence

nNOS Forward: 5-ACGGCAAACTGCACAAAGC-3

Reverse: 5-CGTTCTCTGAATACGGGTTGTTG-3

eNOS Forward: 5-TCAGCCATCACAGTGTTCCC-3

Reverse: 5-ATAGCCCGCATAGCGTATCAG-3

iNOS Forward: 5-GTTCTCAGCCCAACAATACAAGA-3

Reverse: 5-GTGGACGGGTCGATGTCAC-3

Cu/Zn-SOD Forward: 5-AACCAGTTGTGTTGTCAGGAC-3

Reverse: 5-CCACCATGTTTCTTAGAGTGAGG-3

Mn-SOD Forward: 5-CAGACCTGCCTTACGACTATGG-3

Reverse: 5-CTCGGTGGCGTTGAGATTGTT-3

CAT Forward: 5- GGAGGCGGGAACCCAATAG -3

Reverse: 5- GTGTGCCATCTCGTCAGTGAA-3

HO-1 Forward: 5-ACAGATGGCGTCACTTCG-3

Reverse: 5-TGAGGACCCACTGGAGGA-3

Nrf2 Forward: 5-CAGTGCTCCTATGCGTGAA-3

Reverse: 5-GCGGCTTGAATGTTTGTC-3

𝛾-GCS Forward: 5-GCACATCTACCACGCAGTCA-3

Reverse: 5-CAGAGTCTCAAGAACATCGCC-3

NQO1 Forward: 5-CTTTAGGGTCGTCTTGGC-3

Reverse: 5-CAATCAGGGCTCTTCTCG-3

GAPDH Forward: 5-AGGTCGGTGTGAACGGATTTG-3

Reverse: 5-GGGGTCGTTGATGGCAACA-3

nNOS: neuronal nitric oxide synthase; eNOS: endothelial nitric oxide synthase; iNOS: inducible nitric oxide synthase; Cu/Zn-SOD: cuprozinc-superoxide
dismutase; Mn-SOD: manganese superoxide dismutase; CAT: catalase; HO-1: heme oxygenase-1; Nrf2: nuclear factor-erythroid 2 related factor 2; 𝛾-GCS: 𝛾-
glutamylcysteine synthetase; NQO1: NAD(P)H dehydrogenase [quinone] 1; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

mice except for those in the normal control group were
intraperitoneally injectedwithD-galactose (120mg/kg, daily)
for six weeks, whereas all gavage treatments continued. After
six weeks, all mice were fasted for 24 h and then euthanized
as previously described [17]. Blood was collected via heart
puncture, and thymus, brain, heart, liver, spleen, and kidney
weights were recorded for organ index calculation: Organ
index = Organ weight (g)/Mouse body weight (g) × 100.
This study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Ethics
Committee of Chongqing Collaborative Innovation Center
for Functional Food (201807002B).

2.4. Measurements of NO and MDA Levels and SOD and
GSH-Px Activity in Serum and Liver. Serum was obtained by
centrifugingmouse blood at 4,000 rpm for 10min. SerumNO
andMDA levels and SOD andGSH-Px activity were analyzed
using ELISA kits following the manufacturers’ instructions.
Liver was homogenized and centrifuged to obtain the super-
natant, which was used for measuring NO and MDA levels
and SOD and GSH-Px activity using the same methods
(Nanjing Jiancheng Bioengineering Institute, Nanjing City,
China) as mentioned above for serum samples.

2.5. Histology Analysis of Skin, Liver, and Spleen. A piece
(about 0.5 cm2) of skin, liver, or spleen was fixed in 10% for-
malin solution for 48 h, which was followed by the processes

of dehydration, paraffin embedding, sectioning, and H&E
staining. Tissue histology was examined under an optical
microscope (BX43 microscope, Olympus, Tokyo, Japan).

2.6. Quantitative PCR (qPCR) Assay. Skin, liver, and spleen
tissues were homogenized and total RNA was extracted with
RNAzol (Thermo Fisher Scientific). Extracted total RNA was
diluted to 1 𝜇g/𝜇L, and 5𝜇Lwas used for reverse transcription
to synthesize cDNA. Two microliters of cDNA was mixed
with 10 𝜇L SYBR Green PCR Master Mix and 1 𝜇L of each
primer (Thermo Fisher Scientific, Table 2) for PCR reaction
under the following conditions: 95∘C for 60 s, followed by 40
cycles of 95∘C for 15 s, 55∘C for 30 s, and 72∘C for 35 s, and
a final 95∘C for 30 s, followed by 55∘C for 35 s. GAPDH was
used as internal reference, and relative gene transcript levels
were calculated using 2−ΔΔCt method [18].

2.7. Western Blot Analysis. A piece (100mg) of skin, liver,
or spleen tissue sample was homogenized in 1mL of RIPA
solution containing 10 𝜇L of PMSF, and the supernatant
was obtained after centrifugation at 12,000 rpm, 4∘C, for
5min. Total protein in supernatant was determined using
the BCA protein quantitative kit. All samples were diluted
to a concentration of 50 𝜇g/mL and then mixed with sample
buffer at a ratio of 4:1. After the samples were denatured
at 100∘C for 5min, these were electrophoresed in a SDS-
polyacrylamide gel for 50min and then transferred to a
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Figure 1: Polyphenol constituents of small-leaved Kuding tea. (a) Standard chromatograms; (b) Polyphenols of small-leaved Kuding tea
chromatograms. 1: catechin; 2: caffeic acid; 3: gallocatechin gallate (GCG); 4: ferulic acid; 5: isochlorogenic acid B; 6; isochlorogenic acid A.

Table 3: Contents of polyphenols of small-leaved Kuding tea.

Polyphenol Catechin Caffeic acid GCG Ferulic acid Isochlorogenic acid B Isochlorogenic acid A
Content (mg/g) 13.29 13.62 16.02 24.03 162.63 350.28

methanol-activated PVDF membrane. After blocking with
5% nonfat dry milk in TBST for 1 h, the membranes were
incubated with the respective primary antibodies at 25∘C for
2 h.Themembranes were rinsed and then incubated with the
corresponding secondary antibodies at 25∘C for 1 h. After the
membrane was incubated in Supersignal West Pico PLUS, all
bands were quantified by an iBright FL1000 (Thermo Fisher
Scientific) [19].

2.8. Statistical Analysis. All data were analyzed using SAS9.1
statistical software (SAS Institute, Cary, NC, USA), and
the results were presented as means of three independent
experiments. The differences among groups were assessed
using one-way ANOVA with the Dunnett’s test for post hoc
analysis, and significance was set at p < 0.05 [19].

3. Results

3.1. PSLKDT Composition. HPLC analysis revealed that
PSLKDT contained six types of polyphenols, including

catechin, caffeic acid, GCG, ferulic acid, isochlorogenic acid
B, and isochlorogenic acid A (Figure 1). Isochlorogenic acid
B and isochlorogenic acid A content, which were higher than
catechin, caffeic acid, GCG, ferulic acid, were the primary
bioactive components in PSLKDT (Table 3).

3.2. Organ Indices. The organ indices of thymus, brain,
heart, liver, spleen, and kidney were highest in mice from
the normal control group and lowest in the model group
(Table 4). While both PSLKDT and VC increased organ
indices, the efficacy of the former was greater than that of the
latter.These results indicate that PSLKDT-induced reduction
in organ indices may reflect prevention of the body tissue
atrophy.

3.3. NO, SOD, GSH-Px, GSH, and MDA Levels. SOD, GSH-
Px, and GSH activities in the serum, liver, and spleen were
highest in mice from the normal control group and lowest
in the model group (Tables 5, 6, and 7). PSLKDT treatment
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Table 4: Organ index of mice in each group.

Group Thymus index Brain index Cardiac index Liver
index Spleen index Kidney index

Normal 0.26±0.03 a 5.02±0.05 a 3.69±0.05 a 24.33±0.41 a 1.67±0.05 a 4.72±0.06 a

Model 0.11±0.03 e 3.18±0.03 e 2.63±0.06 e 16.18±0.33 e 1.03±0.03 e 3.02±0.05 e

Vc 0.19±0.02 c 4.66±0.07 c 3.08±0.04 c 20.08±0.32 c 1.38±0.05 c 4.09±0.07 c

PSLKDT-L 0.15±0.02 d 3.82±0.05 d 2.79±0.06 d 18.85±0.29 d 1.22±0.06 d 3.57±0.04 d

PSLKDT-H 0.22±0.01 b 4.81±0.04 b 3.47±0.05 b 22.82±0.36 𝑏 1.53±0.04 b 4.51±0.03 b

Values presented are the mean ± standard deviation (N=10/group). a-dMean values with different letters over the same column are significantly different
(p<0.05) according toDuncan’smultiple range test. Vc:mice treatedwith vitaminC (100mg/kg); PSLKDT-L:mice treatedwith low concentration of polyphenol
of small-leaved Kuding tea (50mg/kg); PSLKDT-H: mice treated with high concentration of polyphenol of small-leaved Kuding tea (100mg/kg).

Table 5: The levels of NO, SOD, GSH-Px, GSH, and MDA in serum of mice.

Group NO (𝜇mol/L) SOD
(U/mL) GSH-Px (U/mL) GSH

(mg/L) MDA (nmol/mL)

Normal 19.37±0.28 e 235.18±12.37 a 203.08±8.32 a 45.01±0.42 a 4.13±0.27 e

Model 57.12±0.62 a 67.85±5.88 e 73.25±6.21 e 10.85±0.51 e 33.18±0.52 a

Vc 36.18±0.50 c 163.08±9.33 c 131.09±8.39 c 28.01±0.36 c 12.54±0.43 c

PSLKDT-L 47.19±0.44 b 101.85±8.32 d 108.37±6.53 d 17.38±0.45 d 21.08±0.30 b

PSLKDT-H 24.10±0.36 d 192.58±8.99 b 172.26±6.08 b 36.71±0.29 b 7.18±0.41 d

Values presented are the mean ± standard deviation (N=10/group). a-e Mean values with different letters over the same column are significantly different
(p<0.05) according toDuncan’smultiple range test. Vc:mice treatedwith vitaminC (100mg/kg); PSLKDT-L:mice treatedwith low concentration of polyphenol
of small-leaved Kuding tea (50mg/kg); PSLKDT-H: mice treated with high concentration of polyphenol of small-leaved Kuding tea (100mg/kg).

Table 6: The levels of NO, SOD, GSH-Px, GSH, and MDA in liver of mice.

Group NO
(𝜇mol/gprot)

SOD
(U/mgprot)

GSH-Px
(U/mgprot)

GSH
(mg/ gprot)

MDA
(nmol/mgprot)

Normal 2.38±0.18 e 91.79±6.12 a 181.94±8.49 a 9.83±0.49 a 1.79±0.16 e

Model 8.37±0.26 a 22.57±2.30 e 73.08±5.27 e 2.10±0.22 e 8.93±0.29 a

Vc 4.83±0.29 c 69.48±5.32 c 131.06±4.82 c 6.79±0.34 c 4.15±0.23 c

PSLKDT-L 6.19±0.33 b 49.79±5.61 d 108.91±5.01 d 4.83±0.28 d 6.12±0.20 b

PSLKDT-H 3.09±0.22 d 80.43±5.83 b 155.87±4.92 b 7.91±0.32 b 2.47±0.24 d

Values presented are the mean ± standard deviation (N=10/group). a-eMean values with different letters over the same column are significantly different
(p<0.05) according toDuncan’smultiple range test. Vc:mice treatedwith vitaminC (100mg/kg); PSLKDT-L:mice treatedwith low concentration of polyphenol
of small-leaved Kuding tea (50mg/kg); PSLKDT-H: mice treated with high concentration of polyphenol of small-leaved Kuding tea (100mg/kg).

Table 7: The levels of NO, SOD, GSH-Px, GSH, and MDA in spleen of mice.

Group NO
(𝜇mol/gprot)

SOD
(U/mgprot)

GSH-Px
(U/mgprot)

GSH
(mg/ gprot)

MDA
(nmol/mgprot)

Normal 1.63±0.12 e 83.47±6.86 a 130.91±7.83 a 7.07±0.21 a 0.87±0.12 e

Model 9.32±0.19 a 24.18±3.28 e 34.18±4.25 e 1.97±0.18 e 5.12±0.36 a

Vc 4.11±0.36 c 58.71±4.83 c 79.36±4.83 c 4.02±0.22 c 2.76±0.19 c

PSLKDT-L 7.02±0.28 b 39.82±5.19 d 55.01±3.83 d 2.83±0.16 d 3.41±0.23 b

PSLKDT-H 2.39±0.21 d 67.89±4.87 b 107.27±5.38 b 5.93±0.24 b 1.44±0.16 d

Values presented are the mean ± standard deviation (N=10/group). a-e Mean values with different letters over the same column are significantly different
(p<0.05) according toDuncan’smultiple range test. Vc:mice treatedwith vitaminC (100mg/kg); PSLKDT-L:mice treatedwith low concentration of polyphenol
of small-leaved Kuding tea (50mg/kg); PSLKDT-H: mice treated with high concentration of polyphenol of small-leaved Kuding tea (100mg/kg).
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Normal Model

Vc PSLKDT-L PSLKDT-H

Figure 2: H&E pathological observation of skin in mice. Magnification 100×. Vc: mice treated with vitamin C (100mg/kg); PSLKDT-L: mice
treated with low concentration of polyphenol of small-leaved Kuding tea (50mg/kg); PSLKDT-H: mice treated with high concentration of
polyphenol of small-leaved Kuding tea (100mg/kg).

increased SOD, GSH-Px, and GSH activities (p<0.05) and
decreased NO and MDA levels (p<0.05). PSLKDT was more
effective than VC in terms of these effects. The values of the
above parameters in the PSLKDT group were roughly similar
to those of the control group.

3.4. Skin, Liver, and Spleen Pathology. In the normal group,
the epidermis of skin tissue was complete and thin, and
the dermal fibrous tissue was evenly distributed (Figure 2).
In the model group, the epidermis tissue thickness was not
uniform, the structure was incomplete, the dermis fibrous
tissue was loosely distributed, there were often ruptures, and
more inflammatory cells infiltrated. Both Vc and PSLKDT
could alleviate the oxidative damage caused by D-galactose
to the skin tissue of mice, and the effect of PSLKDT-H was
better than that of PSLKDT-L and Vc, which could make the
skin tissue close to the normal skin of mice.

In the normal group, the liver tissue structure of mice
was intact, the hepatocytes were radially arranged around
the central vein, the hepatic lobules were clearly defined,
the hepatocytes were clearly demarcated, and the cytoplasm
was abundant (Figure 3). In the model group, the hepatic
tissue structure was incomplete, the hepatic lobule boundary
was not clear, the central vein was not clear, and there
were obvious fat vacuoles. After the treatment with Vc and
PSLKDT-H, no obvious fat vacuoles were found in the liver
tissue of D-galactose induced oxidationmice, and the hepatic
lobule contour and hepatocyte boundarywere relatively clear.
In addition, the hepatic cells in the liver tissue of PSLKDT-H

treated mice were also radially arranged around the central
vein. There were also individual fat vacuoles in the liver
tissues of PSLKDT-L treated mice, and the hepatic cell
structure was partially incomplete.

Figure 4 shows that the spleen in normal control mice
exhibited clear and intact structures, corticomedullary junc-
tions were clear, and the cells were orderly arranged. In
contrast, the spleen of the model mice showed abnormal
shapes and disordered structures, enlarged red pulp blood
sinuses filled with large number of red blood cells, and
reduced white pulp lymphocytes, narrow red pulp cords,
and less dense arrays of cells. All these D-galactose-induced
histologic changes in the spleen were reduced by PSLKDT
treatment to a level close to the normal condition. These
histological observations in the skin, liver, and spleen indicate
that PSLKDT may exert protective effects in oxidative aging-
associated tissue damage, and this effect is superior to
VC.

3.5. mRNA Expression of Redox-Related Markers in Liver.
mRNA expression of nNOS, eNOS, Cu/Zn-SOD, Mn-SOD,
CAT, HO-1, Nrf2, 𝛾-GCS, and NQO1 in liver of normal
control mice was higher (p<0.05), and iNOS was lower
(p<0.05) than mice in all the other groups (Figure 5). In
D-galactose-induced oxidative aging model mice, the liver
mRNA expression levels of nNOS, eNOS, Cu/Zn-SOD, Mn-
SOD, CAT, HO-1, Nrf2, 𝛾-GCS, and NQO1 significantly
decreased, whereas iNOS significantly increased. All these
D-galactose-induced changes were prevented by PSLKDT
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Vc

Normal Model

PSLKDT-L PSLKDT-H

Figure 3: H&E pathological observation of liver in mice. Magnification 100×. Vc: mice treated with vitamin C (100mg/kg); PSLKDT-L: mice
treated with low concentration of polyphenol of small-leaved Kuding tea (50mg/kg); PSLKDT-H: mice treated with high concentration of
polyphenol of small-leaved Kuding tea (100mg/kg).

Vc

Normal Model

PSLKDT-L PSLKDT-H

Figure 4: H&E pathological observation of spleen in mice. Magnification 100×. Vc: mice treated with vitamin C (100mg/kg); PSLKDT-L:
mice treated with low concentration of polyphenol of small-leaved Kuding tea (50mg/kg); PSLKDT-H: mice treated with high concentration
of polyphenol of small-leaved Kuding tea (100mg/kg).
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Figure 5:ThemRNAexpression in liver ofmice. a-eMean valueswith different letters in the bar are significantly different (p< 0.05) according to
Duncan’s multiple-range test. Vc: mice treated with vitamin C (100mg/kg); PSLKDT-L: mice treated with low concentration of polyphenol of
small-leaved Kuding tea (50mg/kg); PSLKDT-H:mice treated with high concentration of polyphenol of small-leaved Kuding tea (100mg/kg).

treatment (p<0.05), and PSLKDTwasmore effective thanVC
in this regard.

3.6. mRNA Expression of Redox-Related Markers in Spleen.
Figure 6 shows that mRNA expression of the above-
mentioned redox markers in the spleen showed the same
trends as that in the liver of mice among all the groups; i.e.,
mRNA expression of nNOS, eNOS, Cu/Zn-SOD, Mn-SOD,

CAT, HO-1, Nrf2, 𝛾-GCS, and NQO1 was highest, and iNOS
was lowest in the spleen of normal control mice. Likewise,
mRNA expression of thesemarkers in the spleen of themodel
mice showed changes that were opposite to those in the
control mice, i.e., the lowest mRNA expression of nNOS,
eNOS, Cu/Zn-SOD, Mn-SOD, CAT, HO-1, Nrf2, 𝛾-GCS, and
NQO1, and highest mRNA expression of iNOS. PSLKDT and
VC prevented these changes in model mice (p<0.05), and in
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Figure 6: The protein expression in spleen of mice. a-eMean values with different letters in the bar are significantly different (p< 0.05)
according to Duncan’s multiple-range test. Vc: mice treated with vitamin C (100mg/kg); PSLKDT-L: mice treated with low concentration of
polyphenol of small-leaved Kuding tea (50mg/kg); PSLKDT-H: mice treated with high concentration of polyphenol of small-leaved Kuding
tea (100mg/kg).

the high-dose of PSLKDT group, mRNA expression of these
markers was similar to that of normal control mice.

3.7. Protein Expression of Redox-Related Markers in Liver.
Protein levels of redox-relatedmarkers in the liver were deter-
mined by western blotting (Figure 7). The results showed
that SOD1, SOD2, CAT, GSH1, and GSH2 were lowest in
model group mice and highest in normal control mice.

The protein levels of these markers were upregulated by
PSLKDT treatment, and this effect was more pronounced
with PSLKDT than VC treatment.

3.8. Protein Expression of Redox-Related Markers in Spleen.
The protein expression levels of the above-mentioned redox
markers in the spleenwere similar to that in the liver as earlier
described (Figure 8). SOD1, SOD2, CAT, GSH1, and GSH2
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Figure 7: The protein expression in liver of mice. a-eMean values
with different letters in the bar are significantly different (p<
0.05) according to Duncan’s multiple-range test. Vc: mice treated
with vitamin C (100mg/kg); PSLKDT-L: mice treated with low
concentration of polyphenol of small-leaved Kuding tea (50mg/kg);
PSLKDT-H: mice treated with high concentration of polyphenol of
small-leaved Kuding tea (100mg/kg).
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Figure 8: The protein expression in spleen of mice. a-eMean values
with different letters in the bar are significantly different (p<
0.05) according to Duncan’s multiple-range test. Vc: mice treated
with vitamin C (100mg/kg); PSLKDT-L: mice treated with low
concentration of polyphenol of small-leaved Kuding tea (50mg/kg);
PSLKDT-H: mice treated with high concentration of polyphenol of
small-leaved Kuding tea (100mg/kg).

protein levels were higher in the spleen of normal control
mice compared to all the other groups (p<0.05). The protein
expression levels of these markers in the spleen of the high-
dose PSLKDT-treated mice were similar to those of normal
control mice and significantly different from those of mice
treated with low-dose PSLKDT or VC. Protein expression
levels of all these markers in the spleen of model mice were
lower than all the other groups. These results indicate that
PSLKDT can also upregulate protein expression of these
markers in the spleen.

4. Discussion

Organ weight and organ index are indicators for assessing
animal health condition, and changes in these indicators can
reflect the aging status. When animals age, their thymus and
brain undergo atrophy more strikingly than other organs;
an aged thymus is a primary driver of immunosenescence,
and an aged brain is a characteristic of systemic senescence
[20]. Liver and kidney are the primary metabolic organs in
mice and thus decreased weight and organ indices for these
organs have direct impact on the body’s metabolic functions.
Because liver is also considered an immune organ in animals,
altered indices in the liver affect the body’s immune function
[21]. Spleen as a primary component of the immune system
plays an important role in the body’s immune responses.
Reduced spleenweight indicates spleen atrophy, which causes
impaired immune function. Thus, measurement of animal’s
spleen index reflects the organ’s structural and functional
changes and thus serves as a valuable reference to determine
whether an aging mouse model has been successfully estab-
lished [22]. The results of the current study demonstrated
that D-galactose treatment successfully induces oxidative
aging in mice, resulting in reduction of organ index, and
PSLKDT prevents D-galactose-induced reduction of organ
index, which suggests an antiaging effect.

An increase in the release of excitatory amino acids
such as glutamine can activate NMDA receptors, leading
to Ca2+ influx. Elevated intracellular Ca2+ levels activate
NOS to increase NO production. NO can increase Ca2+
influx to cause Ca2+ overload in cells, which directly inhibits
mitochondrial energy generation. However, this process
triggers production of O2

− and ⋅OH, leading to brain cell
damage. NO can react with O2

− to generate peroxynitrite,
which is decomposed to generate OH− and NO2

− that
promote cell death [23]. Repeated infection, even not directly
involving central nervous system, can increase iNOS mRNA
expression andNO production, which would induce death of
neurons in hippocampus, resulting in impaired memory and
deterioration of degenerative diseases such as Alzheimer’s
disease. Upregulated iNOS mRNA expression in the anterior
pituitary and pineal gland causes large amounts of NO
production, leading to reduced capability in anti-infection
and responses to stress, decreased production of melatonin,
and thus brain aging [24]. eNOS can inhibit aging-associated
vascular senescence and dilated blood vessels that exert
vascular protective effects. It has been reported that eNOS
expression in endothelial cells is significantly reduced in
aged mice [25]. Under physiological conditions, the central
nervous system accurately controls NO production, release,
distribution, and degradation by regulating the activation and
inactivation of nNOS activity. In addition to its effect on the
central nervous system, nNOS present in skeletal, cardiac,
and smooth muscles plays an important role in regulating
blood flow and muscular contraction [26]. Decreased nNOS
expression has been shown to cause ischemic brain damage,
early onset of senile dementia, Parkinson’s disease, and other
neurodegenerative diseases [27]. In the current study, we
found that PSLKDT could impact NO, nNOS, eNOS, and
iNOS to maintain homeostasis, thus preventing oxidative
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aging-associated dysregulation of these NO metabolism-
related molecules.

SOD is a family of metalloenzymes that widely occur
in organisms and serve as the key defense mechanism
against damage caused by reactive oxygen species. Based on
the difference in metal cofactors, there are three types of
SODs: Cu/Zn-SOD, Mn-SOD, and Fe-SOD. Cu/Zn-SOD is
a eukaryote enzyme that is primarily present in the plasma
and chloroplast matrix of eukaryotic cells, and it is also found
in animal blood and organs. Mn-SOD is primarily present in
prokaryotic cells, eukaryotic cells, and in the mitochondrial
matrix. Fe-SOD is primarily present in prokaryotic cells and
some plants [28]. SOD has been shown to prevent and treat
diseases that are related to superoxide free radicals. When
superoxide anion free radicals are overproduced or SOD
levels are low, excess superoxide anions could cause oxidative
aging [29]. After exposed to oxidative damage or during
aging, the body has decreased Cu/Zn-SOD and Mn-SOD
levels [30]. CAT is an antioxidant enzyme, and it is mainly
present in red blood cells and microsomes in some other
tissue cells and is also found in the mitochondria and plasma
[29, 30]. The organisms constantly produce ROS during the
normal oxidative respiration. As highly reactive molecules,
ROS contain unpaired electrons, which can be eliminated by
antioxidant enzymesCAT, SOD, andGSH-Px. As the first line
of defense, SOD dismutates O2

− to H2O2, which can be fur-
ther reduced to H2O by CAT, together with increased oxygen
content in cells [31]. GSH is directly or indirectly involved
in various cellular activities, and one of the key functions
is to work together with other related metabolic enzymes to
form a strong defense against oxidative stress. GSH reduction
system is composed of 𝛾-glutamate-cysteine ligase (GSH1),
glutathione synthetase (GSH2), glutathione reductase (GR),
glutathione peroxidase (GPx), and NADPH; the interaction
of these factors in this system assures inhibition of oxidative
stress thus retarding oxidative aging of the body [32]. MDA
is a product of lipid peroxidation in the body, and its levels
can be used to assess the degree of oxidative aging [33].
Our results in the current study demonstrate that PSLKDT
could significantly increase SOD, CAT, GSH (GSH1; GSH2),
and GSH-Px levels and decrease MDA levels, thus effectively
preventing D-galactose-induced oxidative aging.

HO-1 is a stress protein; in addition to participating in
hemoglobin metabolism, it is involved in anti-inflammatory
and antioxidative processes and has protective effects on
cardiovascular and nervous neurological systems. Stud-
ies have shown that the antioxidant activity of HO-1 is
particular pronounced in cardiovascular diseases such as
atherosclerosis, ischemic heart disease, and hypertension, as
well as in neurodegenerative diseases such as Alzheimer’s
disease, Parkinson’s disease, and cerebral ischemic injury
[34]. Nrf2 is important in maintaining endothelial integrity,
and decreased Nrf2 function in blood vessel endothelial
cells in aged individuals is closely associated with impaired
endothelial functions. When oxidative stress is increased
in the body, Nrf2 is released, which in turn promotes
transcription and translation ofHO-1, SOD, andCAT, leading
to increased ability to eliminate oxygen free radicals in the
body [35]. Nrf2 can also regulate 𝛾-GCS production. When

large amounts of ROS are produced due to dysregulated
redox, Nrf2 is activated to promote 𝛾-GCS expression, which
consequently increases GSH synthesis and activation, leading
to antioxidant effects [36]. In cells under oxidative stress,
Nrf2 is dissociated from Keapl and is activated. Activated
Nrf2 can translocate to the nuclei and bind to AREs to
upregulate downstream genes for antioxidant enzymeNQO1,
resulting in enhanced resistance to oxidative stress. Thus, the
regulation of Nrf2/NQO1 signaling pathway is viewed as an
efficient mechanism by which antioxidant molecules exert
their antioxidant effects [37]. In the current study, we found
that PSLKDTupregulatedNrf2 expression to further increase
HO-1, 𝛾-GCS, and NQO1 expression and thus prevented
oxidative stress-induced aging.

Phenolic compounds contain active hydroxyl hydrogen,
which reacts with free radicals to generate inert products
or more stable free radicals, thus interrupting or delaying
free radical-involved chain reactions. Catechins are natural
antioxidants because these contain active hydroxyl groups
that can eliminate free radicals. Their antioxidant activity
is as potent as vitamins E and C. In addition to their free
radical-scavenging effect, these are capable of precipitating
protein and chelating several metal elements, which afford
them inhibitory activity on certain oxidases, thus indirectly
reducing free radicals in the body [38]. Pyrocatechol hydroxyl
groups at the benzene ring of caffeic acid are the sites
for antioxidative, free radical-scavenging activities; phenolic
compounds reacting with free radicals lose hydrogen to
form a stable semiquinone product and thus exert antioxi-
dant effects [39]. EGCG is a natural compound with well-
recognized antitumor properties, and its antioxidant activity
is higher than vitamin C by 100-fold [40]. Studies have
indicated that GCG has higher antioxidant activity than
EGCG; EGCG andGCGhave similar electronic effects; when
exposed to highly active free radicals or high-energy singlet
oxygen, the difference in antioxidant activity between GCG
and EGCG depends on the difference in stereoconformation
[41]. Thus, GCG has higher antioxidant activity than vitamin
C. Ferulic acid can protect plasma membrane from free rad-
ical damage by scavenging free radicals, regulating physio-
logical functions, inhibiting free radical-producing enzymes,
promoting activities of free radical-scavenging enzymes such
as GST and NAPPH, inhibiting tyrosinase activity, and
binding to phosphatidylethanolamine [42]. Chlorogenic acid
is an effective phenolic antioxidant. It contains R-OH groups
that can form antioxidant hydrogen radicals to reduce the
activity of hydroxyl and superoxide anion free radicals.
Chlorogenic acid can protect tissues from oxidative damage,
and its antioxidant activity is higher than caffeic acid and
ferulic acid [43]. Isochlorogenic acid B contains more phe-
nolic hydroxyl groups and has higher antioxidant activity
compared to chlorogenic acid [44]. It is also reported that
isochlorogenic acid and isochlorogenic acid A have higher
in vitro antioxidant activity than vitamin C [45]. Several
components present in PSLKDT have strong antioxidant
activity, and this was proven in the current study, in that
PSLKDT showed higher antioxidant activity than vitamin
C, and these antioxidant compounds may contribute to the
preventive effect of PSLKDT on oxidative aging in animals.
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The results of the current study indicate that PSLKDT
effectively prevents D-galactose-induced oxidative aging as
evidenced by normalized parameters in serum, skin, liver,
and spleen, and this effect is more potent than the well-
recognized antioxidant vitamin C. HPLC analysis also con-
firms the presence of six potent antioxidant compounds,
which alone or in combination exerts highly intense antiox-
idant effects, resulting in the prevention of aging in mice. In
vivo animal studies have proven that PSLKDT is a promising
form of polyphenol that is worth further investigation.
Because Kuding tea is rich in PSLKDT, it is expected that
Kuding tea may have potential applications as a polyphenol-
rich health product or traditional Chinese medicine. While
the study has made preliminary efforts in elucidating the
mechanism of action of PSLKDT, further investigations,
including those involving human subjects, are warranted to
improve our understanding of this potential health product.
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