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Abstract: Placental extract has been used for skin care and delaying skin aging. Cow placenta is an
abundant resource with a large mass, which has not been harnessed effectively. Cow placenta extract
(CPE) has the functions of antioxidation, anti-inflammatory, promoting growth and development,
and promoting hair growth. However, little is known about the effect of oral administration of cow
placenta extract on skin conditions. Therefore, the present study aimed to investigate the antioxidant
capacity of CPE in vitro and in vivo and its protective effect on d-galactose (D-gal) induced skin
aging in mice. The results showed that CPE had strong free radical scavenging, reducing and metal
chelating activities. CPE can increase the activity of catalase (CAT), glutathione peroxidase (GSH-Px),
peroxidase (POD), superoxide dismutase (SOD), and the content of glutathione (GSH), decrease the
content of malondialdehyde (MDA). Moreover, CPE can decrease the gene and protein expression
of matrix metalloproteinase 1a (MMP-1a) and matrix metalloproteinase 3 (MMP-3) and increase
the expression of transforming growth factor-3 (TGF-3) and tissue inhibitor of metalloproteinase 1
(TIMP-1) of mouse skin. Histopathological analysis showed CPE reduced the collagen damage caused
by D-gal, increased collagen synthesis and reduced its degradation to delay skin aging.

Keywords: cow; placenta; D-galactose; antioxidant; skin aging

1. Introduction

The skin is the largest organ by surface area in the human body and acts as the primor-
dial barrier of the organism against the outside environment, which exerts multiple key
functions, including protection, immune response and neuroendocrine [1]. With increasing
age, the skin develops visible signs of aging, presenting skin elasticity deteriorated, hydra-
tion weakened, transepidermal water loss increased, and collagen content decreased [2].
Therefore, that knowledge in preventing aging is, in general, of high importance, where
finding new products and using already available sources may provide good research in
this area. Studies have reported that human placenta and porcine placenta extract have
good skin care and antidermal-aging effects [3,4]. Cow placenta contains multiple biologi-
cally active substances such as amino acids, trace elements, hormones, and cytokines. At
present, we have used liquid chromatograph-mass spectrometer (LC-MS)/mass spectrome-
ter (MS) to analyze the differences in antioxidant activity of cow placenta extract (CPE) by
different proteases, and investigated the bioactive polypeptides of dairy cows’ placenta
and established an effective enzymatic hydrolysis evaluation index for preparing bioactive
hydrolysates [5,6]. These results suggest that CPE has a strong anti-aging potential.

Currently, there are some reports on oral intake of anti-aging drugs. Oral intake of
porcine placenta extract can improve human skin quality and increase skin elasticity, hydra-
tion and barrier function [3]. Oral intake of chicken bone collagen peptides anti-skin aging
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in mice by regulating collagen degradation and synthesis, inhibiting inflammation and acti-
vating lysosomes [7]. In addition, studies have evidenced that the main bioactive substances
of placenta extract are polypeptides, which have favorable antioxidant activity [8-10]. Ox-
idative damage is the main contributor to skin aging processes. Reactive oxygen species
(ROS) is the primary cause of oxidative damage and plays an essential role in skin aging.
ROS can damage DNA and RNA, resulting in reduced translation efficiency and adenosine
triphosphate (ATP) synthesis, which in turn causes abnormal collagen and elastin synthesis,
eventually leading to skin aging [11,12]. Therefore, exploring interventions to improve
antioxidant capacity can effectively prevent skin aging. D-galactose (D-gal) is a powerful
glycosylation agent which can destroy elastin and collagen, the major structural molecules
of the skin [13,14], cause oxidative stress, disturb redox homeostasis, and ultimately lead to
the induction of severe oxidative damage [14,15]. Therefore, D-gal-treated mice are widely
considered an ideal animal model for studying oxidative damage and skin aging.

Therefore, this study determined the free radical scavenging power, reducing power
and metal chelating power of CPE by 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid; ABTS), ferric reducing antioxidant power (FRAP), and Ferrozine methods. Further,
we clarified the antioxidant activity and anti-aging effects of CPE in the D-gal-induced
mouse model by detecting serum antioxidant indexes, histopathological skin changes,
aging-related genes and protein levels.

2. Materials and Methods
2.1. Placenta Collection and CPE Preparation

Fresh placenta of normally parturated, healthy Holstein cows, aged 3-5 years, weigh-
ing above 600 kg and parity 2—4, was collected from a dairy farm in Sichuan Province,
China. Then immediately washed with normal saline to remove residual blood and dirt in
the placenta and stored at —20 °C.

Preparation of CPE according to our previous method [6]. The placenta was thawed
at room temperature and minced. Then, the placenta was homogenized in deionized water
by a homogenizer (FSH 2A homogenizer; Yuexin, China) in an ice bath to obtain placenta
homogenate. Next, hydrolyzed placenta homogenate by papain (800 U/mg, Shanghai
Yuanye Bio-Technology Co., Ltd., Shanghai, China) at neutral pH and 55 °C with 35.74%
substrate concentration and 3.92% enzyme-substrate ratio for 5.49 h. Inactivate papain at
90 °C for 10 min, then centrifuged (5427 R centrifuge, Eppendorf, Hamburg, Germany) the
solution at 9200 g for 5 min and collected the supernatant. Finally, the supernatant was
freeze-dried for 48 h to prepare CPE (LyoQuest-55, Telstar, Terrassa, Barcelona).

2.2. Antioxidant Capacity In Vitro

0.1 g CPE was dissolved in 1 mL sterile deionized water and diluted to 10, 20, 30, 40
and 50 mg/mL for further experiments.

2.2.1. ABTS Radical Scavenging Activity

Diammonium 2,2'-azinobis[3-ethyl-2,3-dihydrobenzothiazole-6-sulphonate (ABTS)
kit was purchased from Beyotime Biotechnology (50119, Nantong, China). ABTS radical
scavenging activity was assayed according to the manufacturer’s instructions.

2.2.2. Ferric Reducing Antioxidant Power (FRAP)

FRAP kit was purchased from Beyotime Biotechnology (S0116, Nantong, China). FRAP
radical scavenging activity was assayed according to the manufacturer’s instructions.

2.2.3. Metal Chelating Ability

The metal chelating ability of CPE was assayed according to the method of
Noon et al. [16]. Ferrous sulfate (FeSO,) (10 uL 4 mmol/L) was added into 0.5 mL CPE
solution and reacted for 3 min at room temperature. Ferrozine (10 uL of 20 mmol/L) was
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then added and reacted for 10 min in darkness. Finally, absorbance (A) was measured at
562 nm. Results were expressed as the Ferrozine inhibition rate (%).

Ferrozine inhibition rate (%) = Acontfclo;ti‘;f mple x 100% 1)

2.3. Animals and Treatment

Forty 8-week-old clean-grade Kunming mice were fed under standard conditions
for 1 week with food and water available ad libitum, then randomly divided into four
groups, 10 mice/group (n = 10): negative control group (group NC), model group (group
M), treatment group (group CPE) and positive control group (group VC). Group M, CPE
and VC were injected intraperitoneally with D-gal, 500 mg/kg/day, and the NC group was
injected intraperitoneally with an equal amount of saline. Group CPE was gavaged with
CPE, 2000 mg/kg/day; group VC was gavaged with vitamin C (Vit C), 100 mg/kg/day;
group NC and M were gavaged with equal amounts of distilled water, respectively. The
body weight of mice was measured weekly to adjust the injection dose. After 8 weeks of
continuous treatment, they were given 3 days to recover.

Criteria for successful modeling: Mice showed numbness, mental inactivity, unre-
sponsiveness, rough hair, skin thinning, laxity and weight loss; skin sections showed a
significant decrease in skin thickness and dermal layer thickness.

2.4. Serum and Tissue Preparation

At the end of restorative feeding, the blood samples were collected by enucleation
of the mice’s eyes and sacrificed by cervical dislocation immediately. Two samples of
1 cm x 1 cm depilated skin tissue were collected from the back, one sample was fixed in
4 % paraformaldehyde, and the other sample was stored at —80 °C. Blood was placed in a
centrifuge tube without anticoagulant, stood for 30 min, then centrifuged at 9200 g for
5 min to separate the serum, and the serum was collected and stored at —80 °C.

2.5. Oxidation-Associated Biomarkers Determination in Mouse Serum

The activity of catalase (CAT), glutathione peroxidase (GSH-Px), peroxidase (POD),
superoxide dismutase (SOD), and the content of glutathione (GSH), malondialdehyde
(MDA) in mouse serum were determined by relative kits (purchased from Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China) as reference.

2.6. HE and Masson Stain of Mouse Skin

Fixed skin tissue in 4% paraformaldehyde for 48 h, then embedded in paraffin. For
hematoxylin-eosin (HE) staining, skins were sliced into 5 um, dehydrated with gradient
ethanol and stained with hematoxylin and eosin. Masson staining: stained skins in hema-
toxylin for 2-5 min, washed with water, differentiated with hydrochloric alcohol, blued
with ammonia water, and rinsed with running water; stained in 1% phosphomolybdic acid
for 1-2 min, controlled time under the microscope to see red muscle fibers and light red
collagen fibers; stained directly into aniline blue staining solution for 2-5 min. Dried in a
60 °C oven, cleared with xylene, and sealed with neutral resin.

2.7. MMP-1a, MMP-3, TIMP-1 and TGF-p Protein Expression in Mouse Skin

Added skin tissue and phosphate buffered saline (PBS) in a tissue grinding tube at a
ratio of 1:9 and homogenized thoroughly until no visible tissue debris remained. The tube
was centrifuged at 4600 g for 20 min. Finally, the supernatant was collected and used for
further analysis.

The ELISA kits were purchased from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). The level of matrix metalloproteinase 1a (MMP-1a), matrix metallopro-
teinase 3 (MMP-3), tissue inhibitor of metalloproteinase 1 (TIMP-1), and transforming
growth factor-B (TGF-f3) in skin tissue were measured according to the manufacturer’s
instructions. Briefly, samples and standards were added to the 96-well plates, and biotin
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antigen was added and reacted at 37 °C for 30 min. The plate was washed 5 times and then
incubated with horseradish peroxidase (HRP)-conjugate and reacted at 37 °C for 30 min.
The plate was washed 5 times, and Chromogen solutions A and B were added and incu-
bated at 37 °C for 10 min in darkness. Finally, a stop solution was added to each well, and
after 10 min, the optical density at 450 nm was measured. The standard curve regression
equation was calculated by ELISA Calc software according to the standard concentration
and optical density (OD) value, and curve fitting was performed using four-parameter
logistic regression.

2.8. MMP-1a, MMP-3, TIMP-1 and TGF-p Gene Expression in Mouse Skin

Total RNA was extracted from skin tissue with an animal total RNA isolation kit
(Nanjing Jiancheng Bioengineering Institute, Nanjing, China) and quantified by measuring
the absorbance at 260 nm. Then, total RNA was processed for reverse transcription using
Transcriptor First Strand cDNA Synthesis Kit (Sigma Aldrich, Roche, Germany).

In order to carry out the quantitative expression of mRNA, real-time quantitative
polymerase chain reaction (qPCR) amplification was implemented on an FQD-96A De-
tection system (BIOER, Hangzhou, China) with Stormstar SybrGreen qPCR Master Mix
(DBI Bioscience, Ludwigshafen, Germany). The data were analyzed by the 2~#4¢T method
and normalized to the expression levels of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The primer sequences used for real-time qPCR are listed in Table 1.

Table 1. Sequences of primers used for RT-PCR.

Gene Forward Primers (5'-3') Reverse Primers (5'-3') (SI;S
MMP-1a  ATAGATTCATGCCAGAACCTGA TGCCTTTGAAATAGCGGACT 120
MMP-3 AATCAGTTCTGGGCTATACGA TCGATCTTCTTCACGGTTGC 95

TGF-B AACAATTCCTGGCGTTACCTT CTTGGTTCAGCCACTGCCGTA 106
TIMP-1 TCCCAGAACCGCAGTGAAG ACGCCAGGGAACCAAGAAG 93
GAPDH GCGACTTCAACAGCAACTCCC CACCCTGTTGCTGTAGCCGTA 122

RT-PCR, reverse-transcription polymerase chain reaction; MMP-1a, matrix metalloproteinase 1a; MMP-3, matrix
metalloproteinase 3; TGF-p, transforming growth factor-f3; TIMP-1, metalloproteinase 1; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase.

2.9. Statistical Analysis Statistical

Statistical analysis of data was performed with the one-way ANOVA analysis using
SPSS 26.0 software (IBM SPSS Statistics, San Jose, CA, USA). Differences between groups
were analyzed by Duncan’s multiple polar difference test. For all tests, p < 0.05 was
considered statistically significant; p < 0.01 was highly significant. Figures were created
with GraphPad Prism version 8.0 for Windows (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Antioxidant Activity of CPE In Vitro

We measured the antioxidant capacity of CPE in vitro from three different aspects,
including ABTS radical scavenging activity, FRAP, and Metal chelating ability. The Trolox
standard curve was: y = 0.8484x + 0.0755, R2 = 0.9924 (Figure 1A). The Trolox-Equivalent
antioxidant capacity (TEAC) of CPE increased with increasing concentration, and the
average TEAC of CPE was 19.56 umol/g (Figure 1C). The FeSO, standard curve was:
y = 0.6489x + 0.08267, R2 = 0.9914 (Figure 1B). CPE reducing power was positively correlated
with concentration. The mean value of the reducing power of CPE was 43.62 ymoL/g
(Figure 1D). The inhibition rate of Ferrozine increased with the concentration of CPE, and
the increase slowed down when the concentration of CPE reached 30 mg/mL. The inhibition
rate of Ferrozine was up to 72.60% in the experiment concentration range (Figure 1E). The
above results indicated that CPE had good antioxidant activity in vitro, which provided a
theoretical basis for further in vivo research.
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Figure 1. Antioxidant capacity of CPE in vitro. Note: (A): Trolox standard curve; (B): FeSO,4 standard
curve; (C): TEAC of 10-50 mg/mL CPE; (D): FeSO4 concentration corresponding to 10-50 mg/mL
CPE; (E): Metal chelating capacity of 10-50 mg/mL CPE. CPE, cow placenta extract; A, absorbance;
A, change; FeSOy, ferrous sulfate; TEAC, Trolox-Equivalent antioxidant capacity.

3.2. Effect of CPE on Body Weight

The rate of weight gain in group M decreased compared to the group NC after the
third week, while that of the group CPE was higher than the other three groups after the
second week. The weight gain of group VC was similar to group NC (Figure 2A). The final
weight of each group is shown in Figure 2B. The weight of group M was lower than the
other three groups and was significantly lower than group NC (p < 0.05); group CPE had a

significant increase in weight compared with group M (p < 0.05). The results showed that
CPE had a certain growth-promoting effect.
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Figure 2. Body weight changes of mice during the experiment. Note: (A): the weight growth of mice
during the experiment; (B): the weight of mice at the eighth week. “*” indicated that the date had
statistically significant differences (p < 0.05) compared with group NC. “#” indicated that the date
had statistically significant differences (p < 0.05) compared with group M. NC, negative control group;
M, model group; CPE, treatment group; VC, positive control group.

3.3. Effect of CPE on Oxidation-Associated Biomarkers in Serum

The activities of CAT, GSH-Px, POD and SOD were significantly lower (p < 0.05) or
extremely significantly lower (p < 0.01) (Figure 3A-D), the level of GSH was extremely signif-
icantly lower (p < 0.01) (Figure 3E), and the level of MDA was extremely significantly higher
(p < 0.01) (Figure 3F) in the group M than those in the group NC. Administering CPE or
Vit C effectively increased CAT, GSH-Px, POD and SOD activities (p < 0.01) (Figure 3A-D),
GSH level (p < 0.01) (Figure 3E), and decreased MDA level (p < 0.01) (Figure 3F), compared
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to those in the group M. These results indicated that PE had strong antioxidant activity,
which was equivalent to a positive control (Vit C).
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Figure 3. Antioxidant capacity of CPE in the serum. Note: (A): Serum CAT activity in each group;
(B): Serum GSH-Px level in each group; (C): Serum POD activity in each group; (D): Serum SOD
level in each group; (E): Serum GSH activity in each group; (F): Serum MDA activity in each group.
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“*” and “**” indicated that the date had statistically significant differences (p < 0.05) and extremely
significant (p < 0.01) compared with group NC, respectively. “##” indicated that the date had ex-
tremely significant (p < 0.01) compared with group M. CAT, catalase; GSH-Px, glutathione peroxidase;
POD, peroxidase; SOD, superoxide dismutase; GSH, glutathione; MDA, malondialdehyde.

3.4. Effect of CPE on Skin Tissue Construct

Group M had damaged epidermal structures, fewer visible hair follicles, significantly
reduced dermal thickness compared to group NC (p < 0.05), and underwent typical aging
pathological damage (Figure 4A). Dermal thickness was significantly higher, and the
number of hair follicles was more in group CPE than in group M (p < 0.05). The dermal
thickness was higher in group VC compared to group M, but the difference was not
significant (p > 0.05; Figure 4B,C). Thus, CPE improves the histological structures of the
skin by reducing epidermis damage and increasing the number of hair follicles and the
thickness of the dermis.

Epidermal thickness (jum)
Dermis thickness (m)

o

NC M CPE ve

Figure 4. Results of epidermal and dermal thickness in mice skin with HE staining. Note: (A): HE-stained
sections of skin tissue in each group; (B): Epidermal thickness of skin tissue in each group; (C): Dermal

11

thickness of skin tissue in each group. “*” indicated that the date had statistically significant differences
(p < 0.05) compared with group NC. “#” indicated that the date had statistically significant differences

(p < 0.05) compared with group M. HE, hematoxylin-eosin.
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The collagen fibers in group M were mildly lax, collagen fibers became thin, broken
and shorter, and the collagen fiber area was significantly lower than that of group NC
(p > 0.05) (Figure 5A,B). The group CPE and VC were richer in collagen fibers with CPE
and Vit C interventions, respectively, and no significant laxity or breakage was seen, and
the area of collagen fibers was significantly increased compared with the group M (p > 0.05)
(Figure 5A,B), indicating that PE improved D-gal-induced pathological changes to restore
the normal structure of collagen fibers.
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Figure 5. Results of collagen in mice skin with Masson staining. Note: (A): Masson -stained sections of
skin tissue in each group; (B): Collagen IOD of skin tissue in each group. “*” indicated that the date had
statistically significant differences (p < 0.05) compared with group NC. “#” indicated that the date had
statistically significant differences (p < 0.05) compared with group M. IOD, integral optical density.

3.5. Effect of CPE on MMP-1a, MMP-3, TIMP-1 and TGF-$ Gene and Protein Expression in Mice Skin

MMP-1a expression was significantly increased (p < 0.05), and MMP-3 was extremely
significantly increased (p < 0.01) (Figure 6A,B), while TGF-{3 was extremely significantly
decreased (p < 0.01) and TIMP-1 expression was decreased in the group M compared with
the group NC, but the differences were not significant (p > 0.05) (Figure 6C,D). MMP-1a
was significantly decreased (p < 0.05), MMP-3 was extremely significantly decreased
(p < 0.01) (Figure 6A,B), TGF-3 was extremely significantly increased (p < 0.01), and TIMP-1
was significantly increased (p < 0.05) (Figure 6C,D) in the group CPE compared with the
group M, all of which were not significantly different from the group NC (p > 0.05).

MMP-1a and MMP-3 levels were significantly higher (p < 0.05) (Figure 7A,B), and
TIMP-1 levels were significantly lower (p < 0.05) (Figure 7D) in group M compared with
group NC. MMP-1a and MMP-3 levels were highly significantly lower (p < 0.01), TIMP-1
levels were significantly higher (p < 0.05), and TGF-f3 was elevated in the group CPE and
VC compared with the group M, with no significant difference (p > 0.05) (Figure 7A-D).
Based on the above results, CPE can alleviate skin aging by decreasing the gene and protein
expression of MMP-1a and MMP-3 and increasing the gene and protein expression of
TGEF-f and TIMP-1.
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Figure 6. MMP-1a, MMP-3, TIMP-1 and TGF-f3 levels in mice skin. Note: (A): MMP-1a content in mouse
skin tissue; (B): MMP-3 content in mouse skin tissue; (C): TGF-f3 content in mouse skin tissue; (D): TIMP-1
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with group M, respectively. MMP-1a, matrix metalloproteinase 1a; MMP-3, matrix metalloproteinase 3;
TGF-f3, transforming growth factor-; TIMP-1, metalloproteinase 1.
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Figure 7. MMP-la, MMP-3, TIMP-1 and TGF-f3 levels in mice skin. Note: (A): MMP-1a
content in mouse skin tissue; (B): MMP-3 content in mouse skin tissue; (C): TGF-f content
in mouse skin tissue; (D): TIMP-1 content in mouse skin tissue. “*” indicated that the date
had statistically significant differences (p < 0.05) compared with group NC. “#” and “##” indi-
cated that the date had statistically significant differences (p < 0.05) and extremely significant
(p < 0.01) compared with group M, respectively.
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4. Discussion
4.1. Antioxidant Activity of CPE In Vitro

Studies have confirmed that the placenta has strong antioxidant activity, and its main
antioxidant components include uracil, tyrosine, phenylalanine, tryptophan, collagen in
human placenta [17-19], water-soluble protein in the porcine placenta [10], and polypeptide
in goat placenta [8]. The dairy cow placenta has great similarities with other mammals and
the human placenta, but there are few reports on its research. We have used LC-MS/Ms
technology to qualitatively and quantitatively analyze the enzymatic hydrolysates of dairy
cows. The main components are peptides with antioxidant capacity, which contain leucine,
lysine, isoleucine and arginine [5]. These determine the potential of CPE as a natural
antioxidant. In addition, we also compared the antioxidant activity and Vit C equivalent
of different enzymatic hydrolysates and obtained the optimal extraction method, which
provided theoretical support for this study [20].

The peptides obtained from goat placenta have a good scavenging effect on 2,2-
diphenyl-1-picrylhydrazyl (DPPH) free radicals in a concentration-dependent manner [8].
Porcine placenta hydrolysate had an excellent reducing capacity, metal chelating ability
and higher DPPH and ABTS inhibitory activities [21]. The results of this study indicated
that the ABTS radical scavenging power of CPE is 19.56 umol/g, the FRAP reducing the
power of CPE is 43.62 pmol/g, and the Ferrozine inhibition rate of 50 mg/mL CPE can
reach 72.60%. In conclusion, CPE has good antioxidant activity in vitro. However, the
in vitro antioxidant activity of CPE prepared in this study was weaker than that of the
above placenta extract. We speculate that CPE was prepared by enzymatic digestion of
papain in this study, so it contains a variety of peptides of unequal length and has a large
molecular weight. In contrast, most of the placental peptides reported in the data were
prepared by purification methods such as ultrafiltration or chromatographic separation and
have a small molecular weight. However, peptides with smaller molecular weights have
higher antioxidant activity [22,23], so the antioxidant activity of CPE is slightly inferior to
other animal placental peptides.

4.2. Effect of CPE on the Body Weight of Mice

As age increases, the decreasing physiological functions will finally lead to weight
loss [24]. Studies showed that the weight gain in D-gal-induced aging mice was significantly
lower than that in healthy mice [25,26]. Our study showed that weight gain in D-gal-
induced aging mice began to slow down from week 3 and was significantly lower than
that in healthy mice at week 4-8, which was consistent with the above results. The weight
gain in Vit C-treated mice was similar to that in healthy mice, indicating that Vit C could
delay the weight loss caused by D-gal. Moreover, as shown in Figure 2, the body weight
gain of mice in CPE-treated was higher than that in Vit C-treated mice and healthy mice,
and the final weight was significantly higher than that of D-gal-treated mice (p < 0.05).
Bioactive peptides play an important nutritional role, have a positive impact on changes in
body composition and muscular performance, and can reduce muscle damage following
exercise [27]. Our study showed that CPE could improve the weight loss induced by D-gal,
exert beneficial health effects, and has significant potential as a nutritional supplement.

4.3. Effect of CPE on Serum Antioxidant Indexes and in Mice

MDA is the product of membrane peroxidation and is considered an indicator of lipid
peroxidation and membrane damage [27]. In contrast, GSH, GSH-Px, POD and SOD protect
host cells from oxidative damage by scavenging free radicals in vivo [28]. Research data
have demonstrated that there was a significant decrease in GSH, SOD and CAT in serum,
heart, liver, lungs, kidney and brain tissues during D-gal-induced aging, a significant
increase in MDA and an increase in oxidative damage in the organism [25,29,30]. The
results of this study demonstrated that serum CAT, GSH-Px, POD, SOD and GSH were
significantly decreased (p < 0.05) or extremely significantly decreased (p < 0.01), and MDA
was highly significantly increased (p < 0.01) in D-gal-treated mice compared to healthy
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mice, indicating that D-gal had destroyed the redox homeostasis and was consistent with
the above findings.

Carnosine and taurine treatments decreased MDA and protein carbonyl levels and
elevated GSH levels, SOD and GSH-Px activities ameliorated histopathological findings in
the livers of D-gal-treated rats, which exerts protective actions [31]. The administration of
fibroblast growth factor or I-Theanine significantly alleviated histological lesions induced
by D-gal and suppressed profound elevation of ROS production and oxidative stress by
reducing MDA and GSH levels and restoring SOD, CAT and GSH-Px activities in the
liver [32,33]. Tilapia skin collagen polypeptide could alleviate d-gal-induced histopatho-
logical impairments to the liver and kidneys. Moreover, it improved the activities of
SOD, CAT and GSH-Px, and inhibited the increases in MDA [26]. Our study showed that
CPE and Vit C significantly increased CAT, GSH-Px, POD, SOD activities and GSH levels
(p < 0.01) and significantly decreased MDA levels (p < 0.01) compared to D-gal-induced
model mice. These findings suggested that CPE has a similar effect to Vit C in regulating
the redox balance of D-gal-induced aging mice by restoring antioxidant enzyme activity
and reducing peroxidation.

4.4. Effect of CPE on Skin Aging-Related Markers in Mice

With aging, skin collagen and elastin will perform characteristic changes that indicate
skin aging, such as collagen fiber thinning, crosslinking, breaking, elastin deposition etc.
In addition, decreased collagen and elastin synthesis can lead to decreased skin elasticity
and increased wrinkles, showing typical skin aging symptoms [13]. Therefore, collagen
and elastin are important indicators for studying skin aging. This study showed that the
epidermal structure of D-gal-treated mice was damaged, and the number of hair follicles
decreased. The thickness of the dermis and the area of collagen fibers in D-gal-treated
mice were significantly lower than those in healthy mice (p < 0.05), which was consistent
with the results of Jiming Chen and Zejun Zhang, indicating that D-gal damaged the skin
structure of mice and caused pathological changes similar to skin aging [34,35]. Oral intake
of porcine placenta extract can improve human skin quality and increase skin elasticity,
hydration and barrier functions [3]. Oral intake of chicken bone collagen peptides can
improve the condition of aging skin in mice, including maintaining a smooth, orderly,
and complete structure and increasing the dermal thickness and collagen content [7]. Our
results showed that the skin structure of CPE mice was similar to that in healthy mice, and
no obvious pathological damage was found. The thickness of the dermis and the area of
collagen fibers in CPE mice were significantly higher than those in D-gal model mice.

MMP-1 and MMP-3 are interstitial collagenases that degrade type I collagen and type
III collagen, which are the most abundant collagen in the skin [36]. In addition, MMP-3
can extensively degrade extracellular matrix and activate other MMPs [37]. The increase of
MMP-1 and MMP-3 leads to excessive degradation of collagen, which is an essential factor
leading to skin aging. TIMP is an endogenous inhibitor of MMPs, so it is a critical regulator
of the extracellular matrix. TIMP-1 is an inhibitor of MMP-1, can promote the growth of
keratinocytes and fibroblasts, and plays a vital role in skin aging [38]. TGF-f is a potent
growth factor that controls the expression, deposition and turnover of collagen and other
extracellular matrix proteins in the skin [36], which can induce paracrine and autocrine
signal pathways at transcriptional and translational levels, as well as the expression of other
growth factors. The inhibition of the pathway controlled by TGF-f leads to a decrease in
collagen synthesis. Our study showed that MMP-1a and MMP-3 expression were increased,
TGF-p and TIMP-1 were decreased in D-gal treated mice compared with healthy mice,
which indicated that D-gal could promote skin aging by increasing the level of MMPs,
decreasing the level of TIMP-1 and TGF-f3, and regulating the synthesis and degradation of
collagen, which is consistent with the results of Andres and Zhang Xie [39,40]. Conversely,
compared with D-gal treated mice, the gene and protein expression of MMP-1a and MMP-3
were significantly decreased (p < 0.05) or extremely significantly decreased (p < 0.01), the
expression of the TGF-f3 gene was significantly increased (p < 0.01), and the content was
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increased, but not significantly (p > 0.05) in CPE treated mice. In addition, the expression
and content of TIMP-1 were significantly increased (p < 0.05). The above results were
similar to those of Vit C-treated mice. In summary, CPE can promote collagen synthesis
and reduce collagen degradation, thereby alleviating skin damage caused by D-gal, and
the effect is equivalent to Vit C.

5. Conclusions

In this present study, we evaluate the antioxidant activity of CPE in vivo and in vitro
and its anti-aging activity based on the mouse skin aging model induced by D-gal. In vitro,
CPE has a strong free radical scavenging ability, reducing power and metal chelating ability.
In vivo, it can enhance the antioxidant enzyme activities, including CAT, GSH-Px, POD
and SOD in mouse serum, increase GSH level, and reduce MDA content. Furthermore, it
can improve the histological damage of skin induced by D-gal, reduce the expression of
MMP-1 and MMP-3, increase the expression of TGF-f3 and TIMP-1, and then regulate the
production and degradation of collagen to delay skin aging.

This study provides a theoretical basis for implementing cow placenta extract to
alleviate skin aging and broaden the scope for the comprehensive utilization of animal
by-products in functional foods. To the best of our knowledge, this is the first study to
clinically evaluate the effect of oral intake of cow placenta extract on skin conditions. This
study has a few limitations. We need to detect more skin health-related biomarkers and
further study the mechanism of CPE delaying skin aging to comprehensively evaluate the
beneficial effects of CPE, but we can speculate that CPE alleviates skin aging by regulating
antioxidant signaling pathways and collagen production pathways. For prospects, we will
further study the molecular mechanism of CPE anti-aging and toxicity in vitro and in vivo,
including antioxidant, anti-inflammatory and anti-apoptosis.

Author Contributions: Conceptualization, L.-H.S. and L.F.; methodology, L.F. and Y.Z.; software,
Y.Z.; validation, L.-H.S., L.F. and Y.Z; formal analysis, Y.Z.; investigation, Y.Z. and Y.S.; resources, L.-
H.S.; data curation, Y.Z. and Y.S.; writing—original draft preparation, L.F. and Y.Z.; writing—review
and editing, L.-H.S. and G.-N.P; visualization, J.-L.D. and Z.-].Z.; supervision, X.-EW. and S.-M.Y.;
project administration, S.-Z.C. and X.-L.Z.; funding acquisition, L.-H.S. and Z.-T.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the Sichuan Department of Science and Technology Sup-
port Project (2019Y]J0650) and the double-branch Program of discipline Construction of Sichuan
Agricultural University (2221998011).

Institutional Review Board Statement: The study was performed in strict accordance with the
guidelines of the Care and Use of Laboratory Animals of China, and all procedures were approved
by the Animal Care and Use Committee of Sichuan Agricultural University (No0.28102013).

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank Guangxi innovates medical technology Co.,
Ltd. for financial support.

Conflicts of Interest: The authors declare no conflict of interest.

1. Tobin, D.J. Introduction to skin aging. J. Tissue Viability 2017, 26, 37—-46. [CrossRef] [PubMed]

2. Gracia-Cazana, T.; Gonzalez, S.; Parrado, C.; Juarranz, A.; Gilaberte, Y. Influence of the Exposome on Skin Cancer. Actas
Dermosifiliogr. 2020, 111, 460—470. [CrossRef] [PubMed]

3. Nagae, M.; Nagata, M.; Teramoto, M.; Yamakawa, M.; Matsuki, T.; Ohnuki, K.; Shimizu, K. Effect of Porcine Placenta Extract
Supplement on Skin Condition in Healthy Adult Women: A Randomized, Double-Blind Placebo-Controlled Study. Nutrients
2020, 12, 1671. [CrossRef] [PubMed]

4. Chang, PY.; Chin, L.C.; Kimura, K.; Nakahata, Y. Human placental extract activates a wide array of gene expressions related to
skin functions. Sci. Rep. 2022, 12, 11031-11038. [CrossRef]


http://doi.org/10.1016/j.jtv.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/27020864
http://doi.org/10.1016/j.adengl.2020.04.011
http://www.ncbi.nlm.nih.gov/pubmed/32507282
http://doi.org/10.3390/nu12061671
http://www.ncbi.nlm.nih.gov/pubmed/32512710
http://doi.org/10.1038/s41598-022-15270-y

Nutrients 2022, 14, 4659 12 of 13

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Zhang, Y.; You, L.C. LC-MS/MS based analysis of dairy cow placenta hydrolysis products enzymolysis by different proteases. J.
China Agric. Univ. 2021, 26, 133-141.

Shen, L.; You, S.; Zhu, Y.; Zhang, Y.,; Hussain, S.; Qian, B.; Lu, S.; Shen, Y,; Yu, S.; Zong, X.; et al. Preparation of reductive
polypeptides from fresh placentas of dairy cows. Vet. Res. Forum. 2022, 13, 163-168. [CrossRef]

Cao, C.; Xiao, Z.; Tong, H.; Liu, Y.; Wu, Y.; Ge, C. Oral Intake of Chicken Bone Collagen Peptides Anti-Skin Aging in Mice by
Regulating Collagen Degradation and Synthesis, Inhibiting Inflammation and Activating Lysosomes. Nutrients 2022, 14, 1622.
[CrossRef] [PubMed]

Hou, Y,; Zhou, J.; Liu, W,; Cheng, Y.; Wu, L.; Yang, G. Preparation and Characterization of Antioxidant Peptides from Fermented
Goat Placenta. Korean J. Food Sci. Anim. Resour. 2014, 34, 769-776. [CrossRef]

Liu, J.; Luo, S.; Yang, J.; Ren, E; Zhao, Y.; Luo, H.; Ge, K.; Zhang, H. The Protective Effect of Sheep Placental Extract on
Concanavalin A-induced Liver Injury in Mice. Molecules 2018, 24, 28. [CrossRef]

Tang, W.L.; Zhang, M.; Fang, Z. Optimization of ultrasound-assisted-extraction of porcine placenta water-soluble proteins and
evaluation of the antioxidant activity. J. Food Sci. Technol. 2015, 52, 4042-4053. [CrossRef] [PubMed]

Xu, Z.; Huang, ].; Gao, M.; Guo, G.; Zeng, S.; Chen, X.; Wang, X; Gong, Z.; Yan, Y. Current perspectives on the clinical implications
of oxidative RNA damage in aging research: Challenges and opportunities. Geroscience 2021, 43, 487-505. [CrossRef]
Kammeyer, A.; Luiten, R.M. Oxidation events and skin aging. Ageing Res. Rev. 2015, 21, 16-29. [CrossRef] [PubMed]

Jhawar, N.; Wang, ].V.; Saedi, N. Oral collagen supplementation for skin aging: A fad or the future? J. Cosmet. Dermatol. 2020, 19,
910-912. [CrossRef]

Widgerow, A.D.; Napekoski, K. New approaches to skin photodamage histology-Differentiating ‘good” versus ‘bad” Elastin. J.
Cosmet. Dermatol. 2021, 20, 526-531. [CrossRef] [PubMed]

Wasityastuti, W.; Habib, N.A; Sari, D.; Arfian, N. Effects of low and moderate treadmill exercise on liver of d-galactose-exposed
aging rat model. Physiol. Rep. 2019, 7, e14279-e14286. [CrossRef]

Noon, J.; Mills, T.B.; Norton, LT. The use of natural antioxidants to combat lipid oxidation in O/W emulsions. J. Food Eng. 2020,
281,110006-110018. [CrossRef]

Togashi, S.; Takahashi, N.; Kubo, Y.; Shigihara, A.; Higashiyama, K.; Watanabe, S.; Fukui, T. Purification and Identification of
Antioxidant Substances in Human-Placenta Extracts. J. Health Sci. 2000, 46, 117-125. [CrossRef]

Watanabe, S.; Togashi, S.; Takahashi, N.; Fukui, T. L-tryptophan as an antioxidant in human placenta extract. J. Nutr. Sci. Vitaminol.
2002, 48, 36-39. [CrossRef]

Togashi, S.; Takahashi, N.; Iwama, M.; Watanabe, S.; Tamagawa, K.; Fukui, T. Antioxidative collagen-derived peptides in
human-placenta extract. Placenta 2002, 23, 497-502. [CrossRef]

Shen, L.; Zhu, Y; You, L.; Zhang, Y.; Qian, B.; Xiao, J.; Zou, L.; Cao, S.; Peng, G.; Yu, S.; et al. Establishment of an enzymatic
hydrolysis evaluation index for dairy cows’ placental hydrolysates. J. Appl. Anim. Res. 2022, 50, 666—677. [CrossRef]

Laosam, P; Panpipat, W.; Yusakul, G.; Cheong, L.Z.; Chaijan, M. Porcine placenta hydrolysate as an alternate functional food
ingredient: In vitro antioxidant and antibacterial assessments. PLoS ONE 2021, 16, e258445. [CrossRef] [PubMed]

Lin, S,; Jin, Y.; Liu, M.; Yang, Y.; Zhang, M.; Guo, Y;; Jones, G.; Liu, J.; Yin, Y. Research on the preparation of antioxidant peptides
derived from egg white with assisting of high-intensity pulsed electric field. Food Chem. 2013, 139, 300-306. [CrossRef] [PubMed]
Ngoh, Y.Y,; Gan, C.Y. Enzyme-assisted extraction and identification of antioxidative and alpha-amylase inhibitory peptides from
Pinto beans (Phaseolus vulgaris cv. Pinto). Food Chem. 2016, 190, 331-337. [CrossRef]

Wolfe, K.L.; Liu, R H. Cellular antioxidant activity (CAA) assay for assessing antioxidants, foods, and dietary supplements. J.
Agric. Food Chem. 2007, 55, 8896-8907. [CrossRef] [PubMed]

Min, F; Sun, H.; Wang, B.; Ahmad, N.; Guo, H.; Gao, H.; Gao, Y.; Liu, X.; Li, H. Hepatoprotective effects of hydroxysafflor yellow
A in D-galactose-treated aging mice. Eur. |. Pharmacol. 2020, 881, 173214-173222. [CrossRef]

Li, D.; Li, W;; Kong, S.; Li, S.; Guo, J.; Guo, M.; Cai, T.; Li, N.; Chen, R.; Luo, R.; et al. Protective effects of collagen polypeptide
from tilapia skin against injuries to the liver and kidneys of mice induced by d-galactose. Biomed. Pharmacother. 2019, 117,
109204-109214. [CrossRef]

Konig, D.; Kohl, J.; Jerger, S.; Centner, C. Potential Relevance of Bioactive Peptides in Sports Nutrition. Nutrients 2021, 13, 3997.
[CrossRef]

Zhuang, Y,; Ma, Q.; Guo, Y.; Sun, L. Protective effects of rambutan (Nephelium lappaceum) peel phenolics on H,O, -induced
oxidative damages in HepG2 cells and d -galactose-induced aging mice. Food Chem. Toxicol. 2017, 108, 554-562. [CrossRef]

Xia, C.; Cao, X.; Cui, L.; Liu, H.; Wang, S.; Chen, T. Anti-aging effect of the combination of Bifidobacterium longum and B.
animalis in a d-galactose-treated mice. J. Funct. Foods 2020, 69, 103938-103946. [CrossRef]

Azman, K.F; Zakaria, R. D-Galactose-induced accelerated aging model: An overview. Biogerontology 2019, 20, 763-782. [CrossRef]
Kalaz, E.B.; Coban, J.; Aydin, A.F.; Dogan-Ekici, I.; Dogru-Abbasoglu, S.; Oztezcan, S.; Uysal, M. Carnosine and taurine treatments
decreased oxidative stress and tissue damage induced by D-galactose in rat liver. . Physiol. Biochem. 2014, 70, 15-25. [CrossRef]
[PubMed]

Yu, Y,; Bai, F; Liu, Y.; Yang, Y; Yuan, Q.; Zou, D.; Qu, S.; Tian, G.; Song, L.; Zhang, T.; et al. Fibroblast growth factor (FGF21)
protects mouse liver against d-galactose-induced oxidative stress and apoptosis via activating Nrf2 and PI3K/Akt pathways.
Mol. Cell. Biochem. 2015, 403, 287-299. [CrossRef] [PubMed]


http://doi.org/10.30466/vrf.2020.124164.2912
http://doi.org/10.3390/nu14081622
http://www.ncbi.nlm.nih.gov/pubmed/35458184
http://doi.org/10.5851/kosfa.2014.34.6.769
http://doi.org/10.3390/molecules24010028
http://doi.org/10.1007/s13197-014-1444-1
http://www.ncbi.nlm.nih.gov/pubmed/26139870
http://doi.org/10.1007/s11357-020-00209-w
http://doi.org/10.1016/j.arr.2015.01.001
http://www.ncbi.nlm.nih.gov/pubmed/25653189
http://doi.org/10.1111/jocd.13096
http://doi.org/10.1111/jocd.13865
http://www.ncbi.nlm.nih.gov/pubmed/33251676
http://doi.org/10.14814/phy2.14279
http://doi.org/10.1016/j.jfoodeng.2020.110006
http://doi.org/10.1248/jhs.46.117
http://doi.org/10.3177/jnsv.48.36
http://doi.org/10.1053/plac.2002.0833
http://doi.org/10.1080/09712119.2022.2132950
http://doi.org/10.1371/journal.pone.0258445
http://www.ncbi.nlm.nih.gov/pubmed/34695136
http://doi.org/10.1016/j.foodchem.2013.01.048
http://www.ncbi.nlm.nih.gov/pubmed/23561109
http://doi.org/10.1016/j.foodchem.2015.05.120
http://doi.org/10.1021/jf0715166
http://www.ncbi.nlm.nih.gov/pubmed/17902627
http://doi.org/10.1016/j.ejphar.2020.173214
http://doi.org/10.1016/j.biopha.2019.109204
http://doi.org/10.3390/nu13113997
http://doi.org/10.1016/j.fct.2017.01.022
http://doi.org/10.1016/j.jff.2020.103938
http://doi.org/10.1007/s10522-019-09837-y
http://doi.org/10.1007/s13105-013-0275-2
http://www.ncbi.nlm.nih.gov/pubmed/23872881
http://doi.org/10.1007/s11010-015-2358-6
http://www.ncbi.nlm.nih.gov/pubmed/25701356

Nutrients 2022, 14, 4659 13 of 13

33.

34.

35.

36.

37.

38.

39.

40.

Zeng, L; Lin, L.; Peng, Y.; Yuan, D.; Zhang, S.; Gong, Z.; Xiao, W. 1-Theanine attenuates liver aging by inhibiting advanced
glycation end products in d-galactose-induced rats and reversing an imbalance of oxidative stress and inflammation. Exp.
Gerontol. 2020, 131, 110823-110831. [CrossRef]

Chen, J.; Li, Y,; Zhu, Q.; Li, T,; Lu, H.; Wei, N.; Huang, Y; Shi, R;; Ma, X.; Wang, X,; et al. Anti-skin-aging effect of epigallocatechin
gallate by regulating epidermal growth factor receptor pathway on aging mouse model induced by D-Galactose. Mech. Ageing
Dev. 2017, 164, 1-7. [CrossRef] [PubMed]

Zhang, Z.; Zhu, H.; Zheng, Y.; Zhang, L.; Wang, X.; Luo, Z.; Tang, J.; Lin, L.; Du, Z.; Dong, C. The effects and mechanism of
collagen peptide and elastin peptide on skin aging induced by D-galactose combined with ultraviolet radiation. J. Photochem.
Photobiol. B 2020, 210, 111964-111971. [CrossRef] [PubMed]

Krieg, T.; Aumailley, M. The extracellular matrix of the dermis: Flexible structures with dynamic functions. Exp. Dermatol. 2011,
20, 689-695. [CrossRef] [PubMed]

Hwang, B.M.; Noh, EM.; Kim, ].S.; Kim, ].M.; Hwang, ] K,; Kim, HK,; Kang, ].S.; Kim, D.S.; Chae, H.].; You, Y.O.; et al. Decursin
inhibits UVB-induced MMP expression in human dermal fibroblasts via regulation of nuclear factor-kappaB. Int. . Mol. Med.
2013, 31, 477-483. [CrossRef] [PubMed]

Brew, K.; Nagase, H. The tissue inhibitors of metalloproteinases (TIMPs): An ancient family with structural and functional
diversity. Biochim. Biophys. Acta 2010, 1803, 55-71. [CrossRef]

Yepes, A.; Ochoa-Bautista, D.; Murillo-Arango, W.; Quintero-Saumeth, J.; Bravo, K.; Osorio, E. Purple passion fruit seeds (Passiflora
edulis f. edulis Sims) as a promising source of skin anti-aging agents: Enzymatic, antioxidant and multi-level computational
studies. Arab. J. Chem. 2021, 14, 102905-102924. [CrossRef]

Zhang, X; Xie, Y.L;; Yu, X.T,; Su, Z.Q.; Yuan, J.; Li, Y.C,; Su, Z.R; Zhan, ].Y.; Lai, X.P. Protective Effect of Super-Critical Carbon
Dioxide Fluid Extract from Flowers and Buds of Chrysanthemum indicum Linnen Against Ultraviolet-Induced Photo-Aging in
Mice. Rejuvenation Res. 2015, 18, 437-448. [CrossRef]


http://doi.org/10.1016/j.exger.2019.110823
http://doi.org/10.1016/j.mad.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/28343910
http://doi.org/10.1016/j.jphotobiol.2020.111964
http://www.ncbi.nlm.nih.gov/pubmed/32717457
http://doi.org/10.1111/j.1600-0625.2011.01313.x
http://www.ncbi.nlm.nih.gov/pubmed/21615511
http://doi.org/10.3892/ijmm.2012.1202
http://www.ncbi.nlm.nih.gov/pubmed/23232935
http://doi.org/10.1016/j.bbamcr.2010.01.003
http://doi.org/10.1016/j.arabjc.2020.11.011
http://doi.org/10.1089/rej.2014.1651

	Introduction 
	Materials and Methods 
	Placenta Collection and CPE Preparation 
	Antioxidant Capacity In Vitro 
	ABTS Radical Scavenging Activity 
	Ferric Reducing Antioxidant Power (FRAP) 
	Metal Chelating Ability 

	Animals and Treatment 
	Serum and Tissue Preparation 
	Oxidation-Associated Biomarkers Determination in Mouse Serum 
	HE and Masson Stain of Mouse Skin 
	MMP-1a, MMP-3, TIMP-1 and TGF- Protein Expression in Mouse Skin 
	MMP-1a, MMP-3, TIMP-1 and TGF- Gene Expression in Mouse Skin 
	Statistical Analysis Statistical 

	Results 
	Antioxidant Activity of CPE In Vitro 
	Effect of CPE on Body Weight 
	Effect of CPE on Oxidation-Associated Biomarkers in Serum 
	Effect of CPE on Skin Tissue Construct 
	Effect of CPE on MMP-1a, MMP-3, TIMP-1 and TGF- Gene and Protein Expression in Mice Skin 

	Discussion 
	Antioxidant Activity of CPE In Vitro 
	Effect of CPE on the Body Weight of Mice 
	Effect of CPE on Serum Antioxidant Indexes and in Mice 
	Effect of CPE on Skin Aging-Related Markers in Mice 

	Conclusions 
	References

