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Abstract: Pinus morrisonicola hay (PM) is a pine tree unique to Taiwan, whose needles are used as
traditional medicine and as functional drink. PME3-1 was made using supercritical extraction to
evaluate the prevention of hyperlipidemia. This study explored the hypolipidemic effect of PME3-1
on hamsters on a high fat and cholesterol (HFC) diet. Three groups of hamsters were fed with
PME3-1 (0.2, 1.0, and 5.0 mg/kg bw). After feeding for eight weeks, PME3-1 reduced the serum
cholesterol, triglyceride levels, the low-density lipoprotein cholesterol/high-density lipoprotein
cholesterol (LDL/HDL) ratio, and the swelling of the liver and kidney significantly (p < 0.05). In
addition, feeding the hamsters with 5.0 mg/kg bw of PME3-1 could significantly reduce their total
lipid (TL) content, total cholesterol (TC) content, total triglyceride (TG) content, and the HMG-CoA
reductase activity in the liver (p < 0.05). Meanwhile, the antioxidant enzymes in the liver, glutathione
peroxidase (GPx) and glutathione S-transferase (GST), can also improve, promoting the excretion of
triglycerides (TG) and total cholesterol (TC) in the feces (p < 0.05). Therefore, these results confirm
that PME3-1 hypolipidemic and antioxidant regulating functions in vivo.

Keywords: high fat and cholesterol diet; atherosclerotic index; lipid peroxidation product; reactive
oxygen species; HMG-CoA reductase

1. Introduction

An excessive intake of cholesterol in the daily diet increases the concentration of
cholesterol in the blood. Excess cholesterol accumulates in the arterial intima, which can
lead to arteriosclerosis and cause myocardial infarction and cerebrovascular disease. High
levels of total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-
C), low levels of high-density lipoprotein cholesterol (HDL-C), and reduced antioxidant
capacity in vivo, all increase the risk of cardiovascular disease [1,2]. In order to maintain
normal physiological functions, cells can consume stored cholesterol. When the stored
cholesterol within the cells is exhausted, liver cells are prompted to increase the number
and activity of LDL receptors (LDLRs). It is known that SIM can regulate the sterol
regulatory element-binding protein (SREBP) pathway, to increase the activity of LDLR on

the liver cell membrane, thus resulting in more LDL-C being taken up and utilized by the
hepatocytes. In turn, this further reduces the total cholesterol and LDL-C in the blood
and affects the metabolism of other lipids [3-5]. In addition, SIM can inhibit the synthesis
of apolipoprotein B-100 in the hepatocytes. It also inhibits the synthesis and secretion of
triglyceride-rich lipoproteins [6]. Previous studies have found that SIM did not significantly
affect cholesterol absorption but did increase sterol excretion [7].

The Taiwan pine (Pinus morrisonicola hay) is an endangered species of pine tree that is
40/). unique to Taiwan. Its leaves are needle-like, with five needles in a bunch, and are popular
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in traditional medicine. Pine needle tea is also used as a functional drink in Asia, espe-
cially in Taiwan, China, and Korea. Previous in vitro studies have confirmed that it has
anti-oxidative, anti-inflammatory, and anti-cancer properties, lowering blood lipids and
cholesterol, preventing arteriosclerosis, and diminishing inflammatory responses [8-10].
Its functional components are rich in chlorophyll, polyphenolic compounds (epicatechin,
anthocyanin, p-Coumaric acid, and (3-sitosterol), abietic acid (abietinic acid), and flavonoids
(chrysin, tectochrysin, and pinobanksin) [11-14]. Hyperlipidemia causes arteriosclerosis,
which can lead to myocardial infarction, cerebrovascular disease, and peripheral vascular
disease, and has a high mortality rate. Hyperlipidemia is the main risk factor for cardio-
vascular disease. Therefore, the development of nutraceuticals with blood lipid-lowering
properties is an important contemporary issue.

Supercritical fluid extraction (SCFE) is an environmentally-friendly, convenient, rapid,
and low-polluting separation technology [15], that has been widely used in the food,
chemical, pharmaceutical, and petrochemical industries. SCFE with carbon dioxide has
the advantages of a high extraction rate, high stability, high safety, and no solvent residue.
It is colorless, odorless, and non-toxic, and is often used in the food industry [16]. SCFE
improves the functional components extraction of natural ingredients and Chinese herbal
medicines by traditional extraction, such as using a solvent or steam [17].

In previous in vitro studies, the highest antioxidant activity extract (PME3) was found
using supercritical fluid extraction with carbon dioxide, using ethanol as an adjuvant
solvent under 25 MPa for 15 min at 40 °C. Purified from PME3 by column and thin-layer
chromatography, PME3-1-inhibited LDL oxidation more effectively than PME3 in a cell-free
system to decrease conjugated diene levels and the foam cell formation induced by ox-LDL.
Through GC-MS, 1-docosene, cedrane-8,13-diol, neophytadiene, and methyl abietate were
identified in PME3-1. These have been shown to have hypolipidemic and antioxidant activ-
ities [18-21]. As the hamster’s plasma LDL-C ratio and lipoprotein distribution of hamsters
are similar to those of human beings, this study mainly examines the hypolipidemic effect
of PME3-1 on hamsters with a high fat and cholesterol (HFC) diet in order to provide
parameters for PM applications and the development of hypolipidemic health foods.

2. Materials and Methods
2.1. Materials and Chemicals

Cholesterol, casein, o-cellulose, minerals, and vitamins were purchased from MP
Biomedicals Inc. (Santa Ana, CA, USA). Choline bitartrate and methionine were purchased
from Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA). Corn oil was purchased from Jia-Ger
Foods Co. (Taipei, Taiwan). Sucrose was purchased from Taiwan Sugar Corp. (Tainan,
Taiwan). Corn starch was purchased from Gem Font Corp. (Taipei, Taiwan). Assay kits
for triglycerides, cholesterol, LDL-cholesterol, and HDL-cholesterol were purchased from
Randox Laboratories Ltd. (Berlin, UK). Analytical grade chemicals such as chloroform,
methanol, potassium hydroxide, n-hexane, methyl pentadecanoate, boron trifluoride-
methanol (purity 20%), sodium sulfate anhydrous, silicic acid, isopropyl alcohol, sodium
periodate, acetylacetone, ethanol, acetone, acetic acid, digitonin, sulfuric acid, perchloric
acid, molybdate, ascorbic acid, sodium bicarbonate methylene chloride, and ethyl acetate
were purchased from Echo Chemical Co., Ltd. (Taichung, Taiwan). P. morrisonicola Hay pine
needles were provided by the KARA Legend Biotechnology Co., Ltd. (Taoyuan, Taiwan).

2.2. Sample Preparation

Following Cheng et al. [21], 20 g of freeze-dried pine needle powder was added to
a 30 mL extraction tank. Then, 3 mL of ethanol was added as an adjuvant solvent, the
system temperature was set to 40 °C, and the supercritical carbon dioxide pressure was set
to 25 MPa using a high-pressure pump. After the extraction tank reached the set pressure,
the high-pressure pump was stopped and the sample equilibrate was held in the extraction
tank for 15 min for static extraction. The high-pressure pump was then turned on, and
the flow rate of supercritical carbon dioxide was maintained at 6 mL/min for 15 min for
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dynamic extraction. The PME3-1 was separated by thin-layer chromatography and column
chromatography. The yield was approximately 3.9%.

2.3. In Vivo Treatment and Analysis
2.3.1. Treatments

Following and modifying Lin et al. [22], 48 male hamsters (six weeks old) were
acclimated by BioLASCO Co. (Taipei, Taiwan) for 2 days at 24 + 1 °C and a 50 £ 10%
relative humidity with a 12 h light—-dark cycle per day. Before the start of the experiment,
all hamsters were randomly divided into six groups (n = 8). The 0.2% cholesterol and
15.0% fat (12% corn oil with 3% lard) diet hamsters were fed on the high—fat and cholesterol
(HEC) diet for the first 4 weeks, followed by Simvastatin or different levels of PME3-1 to
week twelve. The different feed formulations, which were provided from 5 to 12 weeks, are
shown in Table 1. The weight of the hamsters were recorded and 15 g of fresh feed and
enough fresh water were changed daily. All experimental procedures involving animals
were conducted in accordance with National Institutes of Health (NIH) guidelines. This
experiment was approved by the Institutional Animal Care and Use Committee (IACUC,
no. 011) of the Chung Chou University of Science and Technology.

Table 1. The animal feed formula for testing the effect of hypolipidemic and antioxidant of PME3-1
in male hamsters.

Group Blank Control  SIM L-PME3-1 M-PME3-1 H-PME3-1
Feed composition (%)
Casein 20 20 20 20 20 20
Sucrose 35 24.8 24.8 24.8 24.8 24.8
Corn starch 30 30 30 30 30 30
Corn oil 4 12 12 12 12 12
Lard 1 3 3 3 3 3
Cholesterol 0 0.2 0.2 0.2 0.2 0.2
Ain 76 mineral 3.5 3.5 3.5 3.5 3.5 3.5
Ain 76 vitamin 1 1 1 1 1 1
A-cellulose 5 5 5 5 5 5
D,L-methionine 0.3 0.3 0.3 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2 0.2 0.2 0.2
Total 100 100 100 100 100 100
Supplementary addition (mg/kg b.w.)
SIM - - 5.0 0.0 0.0 0.0
PME3-1 - - 0.0 0.2 1.0 5.0

PMEB3-1 is the first separated fraction by column and thin layer chromatography of PME3, which is the third
separated fraction extracted by supercritical CO, from Pinus morrisonicola. L-PME3-1, M-PME3-1, and H-PME3-1
are represented as low, medium, and high doses of PME3-1, respectively. SIM is the abbreviation of Simvastatin.

2.3.2. Analysis

All hamsters were fasted for 16 h, anesthetized with carbon dioxide, and had blood
was drawn from their celiac arteries at week 4 and 12. Their blood was immediately
centrifuged (3200 rpm, 20 min) to collect serum. It was then stored at —20 °C for the
analysis of triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-C) content. After the hamsters
were euthanized, the livers, kidneys, and spleens were collected and frozen for analysis.
Organs used for the evaluation of pathological sections were immersed in 10% formalin
for 24 h.

The liver lipid analysis procedure followed and was modified from Folch et al. [23].
An amount of 0.5 g of the liver was extracted five times with 5 mL of chloroform-methanol
(2:1, v/v) solution to extract the lipids. Afterward, it was stored at —20 °C. The triglyc-
eride content analysis followed and was modified from the method from Fletcher [24].
The nitrogen-blown liver extract was mixed with chloroform (1:10, v/v) and 1 g of sili-
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cic acid. It was activated at 120 °C for 3 h and shaken for 15 min. After centrifugation
(1500 rpm, 20 min), 2 mL of supernatant was taken, dried with nitrogen, and then mixed
with isopropanol: water (9:1, v/v) and 0.6 mL reagent S (KOH: isopropanol: distilled
water = 5:60:40) and redissolved. After saponification at 60-70 °C for 15 min, 1 mL of
0.003 M NalOy solution and 0.5 mL of acetylacetone were added and maintained in a
50 °C water bath for 30 min. The absorbance was then measured at 405 nm. The choles-
terol content determination followed and was modified from the method from Sperry &
Webb [25]. An amount of 2 mL of the dried liver extract with nitrogen was mixed with
0.5 mL of ethanol-acetone (1:1, v/v). Next, 0.02 mL of 50% KOH solution was added for
saponification in a shaking water bath at 40 °C for 30 min. After cooling down, 0.02 mL
of 0.1% phenol, 0.12 mL of 10% acetic acid, and 0.2 mL of 0.5% digitonin were added
sequentially. After being maintained at 25 °C overnight and centrifuged (1500 rpm, 5 min),
and the precipitate was placed at 110 °C for 30 min to remove the water. Afterward, 0.5 mL
of acetic acid was added. After cooling 1 mL of color-forming agent (anhydrous acetic
acid: concentrated acid = 20:1) was added and the mixture was left to stand at 25 °C for
3 min to develop color. The absorbance was measured at 620 nm. An analysis of dried feces
followed the method described above.

The determination of the GST enzymatic activity followed and was modified from the
method from Dierickx [26]. Taking 100 pL of the homogeneous solution, 880 pL of 100 mM
GSH was added to 100 mM potassium phosphate buffer (pH 6.5) and 2 pL of 50 mM
1-chloro-2,4-dinitrobenzene (CDNB). The change in absorbance was measured within 5 min
at 340 nm. The formula for calculating the enzyme activity followed Formula (1). The liver
tissue homogenate was measured using Bio-Rad’s protein reaction reagent.

Ess0 =9.6 mM 'em ™! 1)

The determination of GPx enzymatic activity followed and was modified from the
method from Mohandas et al. [27]. Taking 100 pL of homogenate solution, 800 pL of mixed
solution (1 mM EDTA, 1 mM NaNj3, 0.2 mM NADPH, 1 U/mL GSH reductase, and 1 mM
GSH) was added to 100 mM of potassium phosphate buffer (pH = 7.0) and maintained for
5 min. Them, 100 pL of 2.5 mM H,O, was added and the absorbance was measured within
5 min at 340 nm. The formula for the enzyme activity calculation is as followes.

Ez40 = 6220 M 'em ™! 2)

The determination of malondialdehyde (MDA) followed and was modified from
Richard et al. [28] and Ko et al. [29]. In sequence, 0.2% BHT and 0.4% TBA were added
(1:0.3:2, v/v/v), mixed well, and heated at 90 °C for 45 min. The reaction was then
stopped immediately with an ice bath, followed by mixture with n-butanol (1:1, v/v) for
extraction and centrifugation (3000 rpm, 3 min). The absorbance value of the supernatant
was measured at 535 nm.

2.4. Statistical Analysis

All analytical treatments were conducted with eight replications. All data are pre-
sented as the mean =+ standard deviation. An analysis of variance (ANOVA) was performed
using SPSS (17.0) statistical software, and Duncan’s multiple range test was used to deter-
mine whether there was a significant difference (p < 0.05) or not in each group.

3. Results and Discussion
3.1. Weight Change of Hamster Bodies and Organ

In an earlier study, it was shown that the metabolism of cholesterol and bile acid in
hamsters is closer to human beings than that of rats, making hamsters ideal in vivo test
animals for studying lipid metabolism [30,31]. However, when hamsters were fed using an
HFC diet, their appetite was reduced from a normal diet of around 10 g to a diet of 7-8 g.
This was the main reason for their weight loss. In Figure A1, it can be seen that the weight
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of the hamsters increased significantly from weeks 4 to 8, and that the weight values of the
blank group were significantly higher than those of the other groups. For those on the HFC
diet, the body weight increased in the SIM, M-PME3-1, and H-PME3-1 groups (p > 0.05),
indicating that the addition of Simvastatin or medium and high doses of PME3-1 can
increase the weight level of hamsters. However, both the control and lower-dose PME3-1
groups showed a significant trend of weight loss (p < 0.05), indicating that the addition of a
lower dose of PME3-1 or being in the control group did not maintain the body weight of
the hamsters.

In past study indicated that fat infiltration may lead to symptoms of discomfort in
hamsters, such as a loss of appetite, fatigue, and weight loss [32]. The experimental results
show that an HFC diet causes damage to hamsters, and the phenomenon of appetite loss
occurs. It is speculated that under the continuous induction of an HFC diet, hamsters will
develop non-alcoholic fatty liver disease, leading to loss of appetite and weight loss [33,34].
Gan and Watts [35] pointed out that non-alcoholic fatty liver disease is easily caused by an
HFC diet [36]. Patients with fatty liver disease are prone to a loss of appetite. Non-alcoholic
fatty liver disease is a type of change in liver fat that can be caused by a variety of factors,
with hyperlipidemia being one of the most common [37]. Hamden et al. [38] noted that the
livers and kidneys of rats with hyperlipidemia had obvious fat accumulation. Due to fat
accumulation in the livers and kidneys caused by the HFC diet of hamsters in this study,
the organ weight (control group) was heavier than that of the blank group. As can be seen
from Table 2, the liver weight increased from 3.9 to 6.3 g and the kidney weight increased
from 1.1 to 2.1 g, suggesting that PME3-1 has the potential to reduce non-alcoholic fatty
liver disease caused by an HFC diet.

Table 2. Effects of PME3-1 on the relative organ weights of hamsters fed with high fat and choles-
terol diet.

Treatment Liver Kidney Spleen
Blank 39+08¢ 1.1+03P 0.12 + 0.082
Control 63+ 0.82 214052 0.04 £0.07"b
SIM 35+07¢ 12+02P 0.04 £0.08P
L-PME3-1 52+1.0P 1.8 +0.62 0.06 + 0.09b
M-PME3-1 4.0+ 0.6b¢ 134+ 03P 0.05 +0.07b
H-PME3-1 34+03¢ 14 +02P 0.10 + 0.04 2

Each value is expressed as mean =+ standard deviation (n = 8). Values (a-c) with different letters within the same
column indicates significant difference (p < 0.05). The unit of relative tissue weight is g/100 g b.w. L-PME3-1,
M-PME3-1, and H-PME3-1 are represented as low, medium, and high doses of PME3-1, respectively. SIM is the
abbreviation of Simvastatin.

Table 2 shows that, in the control and blank groups, the HFC diets significantly
increased the liver and kidney weights by 0.62 and 0.91 times, respectively. In addition to
the low-dose PME3-1 kidney weight, the groups supplemented with Simvastatin and PME3-
1 significantly reduced the liver and kidney weight. Continuously feeding medium and
high doses of PME3-1 for 12 weeks can significantly reduce liver and kidney hypertrophy
caused by high lipids and cholesterol. The liver weight was reduced by approximately
36.51% and 46.03% and the kidney weight was reduced by approximately 38.10% and
38.33%, respectively. The liver and kidney weights of the hamsters given middle and high
doses of PME3-1 showed no significant difference between the blank and the SIM groups
(p > 0.05). At low doses of PME3-1, the liver weight was reduced by approximately 17.46%
(p < 0.05), while the kidney weight was reduced by approximately 14.29% (p > 0.05). In
addition, the weight of the spleen under the inducement of the HFC diet was significantly
reduced (p < 0.05) compared to the blank group, by a figure of approximately 8.00%. The
spleen weight in the groups given low, medium, and high doses of PME3-1 increased by
approximately 0.50, 1.25, and 1.50 times, respectively. Only the high dose of PME3-1 gave a
significant increase (p < 0.05), better than the SIM group. Meanwhile, the H-PME3-1 group
demonstrated no significant difference from the blank group.
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3.2. Serum Analysis

From Table 3, it can be seen that, compared with the blank group, the serum cholesterol,
triglycerides, high-density lipoprotein, and low-density lipoprotein of the HFC diet-fed
hamsters increased by 1.58, 0.35, 0.87, and 3.34 times, respectively. After 12 weeks of
continuous feeding with low, medium, and high doses of PME3-1, the high cholesterol,
triglycerides, and high-density lipids induced by the HFC diet were significantly reduced
(p < 0.05). The cholesterol content decreased by 33.49%, 42.11%, and 64.47%, respectively,
and the effects of the high dose of PME3-1 especially were better than in the SIM group
(in which the cholesterol and triglyceride contents were decreased by 6.78 and 21.92%,
respectively). The high-density lipoprotein content decreased by 20.86%, 27.74%, and
35.13%, respectively. And there was no significant difference between the medium and
high doses of PME3-1 and the SIM group (p < 0.05). The low-density lipoprotein content
decreased by 58.64%, 68.11%, and 71.60%, respectively, again with no significant difference
from the SIM group (p < 0.05). The level of cholesterol in the blood is most commonly used
to evaluate the risk of arteriosclerosis. A higher LDL/HDL value indicates greater difficulty
in removing cholesterol from the serum. In contrast, a higher HDL value makes it easier to
remove the cholesterol in the serum, and the risk of arteriosclerosis will also be decreased.
Table 3 shows that the control group had an increasing trend over the blank group, but was
no different from the other groups, indicating that PME3-1 has the potential to improve
LDL/HDL.

Table 3. Effects of PME3-1 on serum biochemical index of hamsters fed with high fat and choles-
terol diet.

Treatment TC! TG 2 HDL-C 3 LDL-C* LDL/HDL Atherogenic
Ratio Index 3

Blank 93.2 +183°¢ 205.3 + 22.7 b¢ 53.7 £17.1¢ 112 +3.0°¢ 0.20 0.75
Control 2401 +17.82 278.0 +90.12 100.2 + 1592 48.6+9.12 0.48 1.40
SIM 91.5 +23.6¢ 2322 +46.12b 50.5 + 22.8 ¢ 136 +2.0°¢ 0.26 0.82
L-PME3-1 159.7 £ 12.9b 181.7 + 98.2 bc 79.3 +10.2P 20.1 +4.1bc 0.25 1.01
M-PME3-1 139.0 £ 135b 184.0 + 54.6 72.4 4+ 15.5bc 155 +3.0°¢ 0.21 0.93
H-PME3-1 853 +£13.9°¢ 181.3 +£204° 65.0 + 9.8 be 13.8 £3.0°¢ 0.20 0.31

Each value is expressed as mean + standard deviation (n = 8). Value (a—c) with different letters within the same
column indicates significant difference (p < 0.05). L-PME3-1, M-PME3-1, and H-PME3-1 are represented as low,
medium, and high doses of PME3-1, respectively. SIM is the abbreviation of Simvastatin. 1 TC means total
cholesterol. (Unit: mg/g). 2 TG means triglyceride. (Unit: mg/g). 3 HDL-C means low-density lipoprotein
cholesterol. (Unit: mg/g). * LDL-C means high-density lipoprotein cholesterol. (Unit: mg/g). > Atherogenic
index = (Total-C-HDL-C) /HDL-C.

The atherogenic index is the atherosclerosis index. A higher value indicates a higher
risk of atherosclerosis. In Table 3, the control group shows a significantly higher value than
the blank group. After 12 weeks of feeding, the atherogenic index for the SIM and the low,
medium, and high doses of PME3-1 groups showed a downward trend, with the high-dose
PMEB3-1 group in particular being better than the SIM group (0.31 < 0.82). According to
a previous study [21], PME3-1 demonstrated an antioxidant activity in in vitro tests. It
also demonstrated the hypolipidemic potential of inhibiting Cu?*-induced LDL oxidation
and promoting RAW264.7 to form foam cells [10]. This research was designed to discover
whether PME3-1 has hypolipidemic ability in vivo and to offer a preliminary exploration
of its possible mechanism. The levels of total cholesterol, triglycerides, and low-density
lipoprotein in serum were significantly increased using an HFC diet for 12 weeks (p < 0.05).
Liu et al. [39] confirmed that adding cholesterol to the diet can increase the concentration
of cholesterol in the liver and promote the activity of Acyl-CoA cholesterol acyltransferase
(ACAT). ACAT promotes the esterification of cholesterol in the liver into a cholesterol
ester, thus increasing the accumulation of cholesterol in the liver. Therefore, the cholesterol
in the control group was significantly higher than in the blank group. The addition of
medium and high doses of PME3-1 can effectively reduce the concentrations of TG and TC
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in the liver (Table 4). In addition to its activity in inhibiting HMG-CoA reductase in the
liver, it is speculated that PME3-1 may have a role in inhibiting ACAT in the liver, thus
reducing cholesterol synthesis and accumulation. Once the cholesterol content has been
reduced, it promotes the liver cells to increase LDLR activity. This promotes the uptake of
LDL-C into the liver, thereby reducing LDL-C in the serum [3]. Furthermore, PME3-1 may
inhibit the level of liver lipids since it is speculated that it can inhibit the activity of fatty
acid synthase (FAS), thus reducing the accumulation of lipids in the liver. However, this
mechanism still needs to be explored. Cholesteryl ester transfer protein (CETP) can transfer
neutral lipids (cholesteryl ester and triglycerides) and phospholipids to lipoproteins, and
lipoprotein particles to a cholesteryl ester and triglycerides. The net transfer depends on the
different lipoprotein contents and lipid compositions [40]. In summary, CEPT can mediate
the transfer of a cholesteryl ester and TG between HDL and LDL to increase the ratio of
LDL-C to HDL-C, thus increasing the risk of arteriosclerosis. This research discovered that
PME23-1 could significantly reduce the ratio of LDL to HDL and arteriosclerosis in hamster
serum; it is therefore speculated that PME3-1 may have the ability to inhibit CEPT activity.

Table 4. The effects of PME3-1 on histopathological changes of livers in high fat and cholesterol diet
in hamsters.

Organ Histopathology Blank Control SIM L-PME3-1 M-PME3-1 H-PME3-1
Infiltration fat diffuse 1.8 +0.4P 44 +072 39+032 41+062 404072 42 4042
Micro fatty change 1.8+ 043 444072 39+032 41+0.62 40+0.72 42 +042
Liver Macro fatty change N.D. 044072 04+072 044+053  01+03% 014032
Infiltration 03+07b  08+072 114082 104052 09+062 07+05%
mononuclear cells
Necrosis 0.6 +0.72 054072 1.04+092 034072 024062 0.4+ 052
Kidney CPN'! 11+00¢ 444132 31+20Pb¢ 444102 38+163 354152

Each value is expressed as mean + standard deviation (n = 8). Values (a—c) with different letters within the
same row indicate significant difference (p < 0.05). L-PME3-1, M-PME3-1, and H-PME3-1 are represented as low,
medium, and high doses of PME3-1, respectively. SIM is the abbreviation of Simvastatin. N.D. means not detected.
1 CPN: chronic progressive nephrosis.

3.3. Morphological and Pathological Slices

Figure 1 shows the liver injuries in the HFC-fed hamsters. The liver pathological
sections indicated that, the blank group had many fat particles accumulated in the hepato-
cytes and moderate-to-severe liver damage, fat infiltration, fatty degeneration, and necrosis
when compared to the control group. However, there was no evident difference in the
liver pathological sections of the SIM and the low, medium, and high dose of PME3-1
groups. In the histopathological statistics, the livers of the control group showed significant
fatty change and infiltration, and the kidneys demonstrated chronic progressive nephrosis
(CPN). After PME3-1 was continuously fed to the hamsters for 12 weeks, only the medium-
and high-dose groups showed a slight improvement in the macro-fatty change in the livers
and CPN lesions in the kidneys, while the rest showed no obvious improvement trend
(Table 4).

Oxidative stress causes lipids in cell membranes to mutate. This leads to abnormal lipid
metabolisms such as total cholesterol, triglycerides, low-density lipoprotein, and MDA in
the blood. These will increase with a higher oxidative stress in the body [41,42]. In addition,
patients with an abnormal lipid metabolism have a higher risk of arteriosclerosis [43].
Therefore, the production of many serum enzymes such as cholesterol, TG, LDL, HDL,
and TBARs is regarded as a biochemical indicator of lipid metabolism. This research
confirmed that feeding hamsters with PME3-1 could significantly protect the hamsters
from HFC-diet-induced hyperlipidemia by reducing the cholesterol and TG content in the
serum, reducing the LDL/HDL ratio, and inhibiting lipid peroxidation.
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Figure 1. Pathological section images of the livers in high fat and cholesterol diet hamsters: (A) blank,
(B) control, (C) SIM, (D) L-PME3-1, (E) M-PME3-1, and (F) H-PME3-1.

3.4. Lipid and Cholesterol Content of Liver Tissue and Feces

A previous study confirmed that Pinus morrisonicola hay of Taiwan can regulate blood
pressure in rats, reduce the phenomenon of arterial wall hypertrophy, and reduce the
content of plasma cholesterol and low-density lipoprotein cholesterol in hamsters on HFC
diets [8]. Lee [44] found that pine needle powder (Pinus densiflora Sieb. et Zucc.) can reduce
total cholesterol and thiobarbituric acid reactive substances (TBARS) in rats fed a high-
cholesterol diet. Park et al. [45] also found that pine needle o0il can improve ethanol-induced
liver cell damage and hyperlipidemia in rats. Jeon and Kim [46] proved that pine needle
water extracts can reduce hyperlipidemia induced by a high-fat diet.

Table 5 shows the effect of PME3-1 on the production of total fat, total cholesterol,
and triglycerides in the livers and feces of hamsters treated with a high-fat diet. When
compared with the blank group, the total fat, total cholesterol, and triglycerides in the livers
of hamsters increased by 4.2, 1.2, and 1.2 times, respectively. After 12 weeks of continuously
feeding hamsters with SIM and low, medium, and high doses of PME3-1, the total fat, total
cholesterol, and triglycerides in the liver tissue had significantly reduced (p < 0.05). When
the hamsters were fed with an HFC diet, the total cholesterol in their feces decreased by
1.8 times and the triglycerides increased by 2.2 times. The amount of feces produced by
the hamsters also decreased. Compared with the control group, the total cholesterol and
triglycerides increased significantly (p < 0.05).
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Table 5. Effects of PME3-1 on lipids and cholesterol content of the liver tissue and fecal in high fat

and cholesterol diet in hamsters.

Organ Parameter Blank Control SIM L-PME3-1 M-PME3-1 H-PME3-1
Liver TL! 303+29f 126.0 £+ 432 603 +69° 113 £2.0P 923 +32¢ 70.3 & 4.6 de
TC? 155+ 09°¢ 183 £ 042 157 £09°¢ 189+122 1744 060¢ 160+ 06¢

TG?3 20.6 +0.6P 242 +072 209 +1.0P 242+102 21.0+06P 20.6 £09°

Dried fecal TC? 2514+3.02 13.7 £ 04° 174+ 16 145+22de 1474344 161413
TG?3 10.8 +1.34 236+20¢ 27.7+1.03 2704203 2434+49bc 290+ 25ab

Each value is expressed as mean = standard deviation (n = 8). Values (a—f) with different letters within the
same row indicate significant difference (p < 0.05). L-PME3-1, M-PME3-1, and H-PME3-1 are represented as low,
medium, and high doses of PME3-1, respectively. SIM is the abbreviation of Simvastatin. 1 TL means total lipid.
(Unit: mg/g). 2 TC means total cholesterol. (Unit: mg/g). > TG means triglyceride. (Unit: mg/g).

The fecal triglycerides of the control group were significantly higher than that of
the blank group (p < 0.05). However, the cholesterol level was lower (p < 0.05). This
phenomenon may be because excess cholesterol is stored in the liver due to some body
mechanism, thus reducing the concentration of cholesterol in the feces (Table 5). There are
two main methods of cholesterol excretion. One is through the action of cholesterol 7«x-
hydroxylase in the liver, the limiting enzyme responsible for the conversion of cholesterol
and bile acid, which converts cholesterol into bile acid and excretes it as feces. The second
is excretion in the form of neutral steroids [47]. In the past, studies have pointed out that
natural substances can combine with cholesterol in the diet to inhibit the absorption of
cholesterol, alter enterohepatic circulation, and accelerate the metabolism of cholesterol
in the body. Reducing blood cholesterol promotes the excretion of bile and cholesterol in
the intestine and increases the excretion of neutral/acid sterols and bile acid [48,49]. Since
PME3-1 can increase the content of cholesterol in the feces of HFC diet-fed hamsters, it
is inferred that PME3-1 may promote the excretion of cholesterol in the feces, rather than
binding to cholesterol directly.

A high-fat diet will increase the synthesis of fatty acids in the liver, and excess free fatty
acids will be transported to the liver, reducing the 3-oxidation of fatty acids and causing
fat accumulation in the liver. In turn, this induces liver cell dysfunction and damages
the liver parenchyma [50]. Many studies on blood-lipid-lowering mechanisms by natural
products demonstrate that most of them can reduce lipids and cholesterol by inhibiting
lipid and cholesterol absorption and synthesis and promoting decomposition and anti-
oxidation. In this study, PME3-1 not only inhibited the HFC-diet-induced cholesterol,
triglyceride, and LDL-C levels in the serum effectively, but also significantly reduced the
total lipid, TC, and TG levels in the liver (p < 0.05). However, its high-dose inhibitory
ability showed no significant difference from the SIM group (p > 0.05). The TG and TC
contents excreted in the feces were also significantly higher than those of the control group
(p < 0.05) but demonstrated no significant difference from the SIM group (p > 0.05). It
is speculated, therefore, that PME3-1 and SIM have a similar mechanism for inhibiting
high-fat-diet-induced hyperlipidemia.

3.5. Antioxidant Capacity and Cholesterol Synthesis Inhibition

From Table 6, it can be seen that in hamsters with a high cholesterol level induced
by a high-fat diet, the presence of the lipid peroxidation product MDA in the liver tissue
increased significantly: approximately 2.09 times (p < 0.05). Compared to the control
group, when low, medium, or high doses of PME3-1 were fed to the hamsters for 12 weeks
continuously, the MDA formation induced by the high-fat diet was reduced (p < 0.05).
Additionally, there was no significant difference between the SIM, M-PME3-1, and H-
PMEB3-1 groups (p < 0.05). The effects of a high-fat diet on GST and GPx activities in the
liver tissues of hamsters with liver injury can be seen in Table 6. In comparison to the
blank group, the activities of GST and GPx decreased by approximately 14.29% and 8.01%,
respectively. When hamsters were fed with low, medium, and high doses of PME3-1 for
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12 weeks, the GPx activity in the hamster liver tissue increased by approximately 0.04,
0.04, and 0.17 times, respectively. It is clear that the H-PME3-1 group was better than the
SIM group (156.3 > 141.3). GST levels showed no significant difference between the three
groups. The low, medium, and high dose PME3-1 groups all had slightly increased GST
levels of approximately 0.15, 0.23, and 0.21 times, respectively, which was, again, better
than in the SIM group.

Table 6. Effects of PME3-1 on antioxidant activities of the liver tissue in high fat and cholesterol diet

in hamsters.
Parameter Blank Control SIM L-PME3-1 M-PME3-1 H-PME3-1
MDA ! 107.3 +48.1°¢ 3314 +93.73b 2062 +57.1b¢ 3784 +£79.02  208.1+56.23¢ 2697 + 33.] abc
GPx 2 144.8 +27.8bc 1332 +29.6¢ 1413 £29.0bc 1381 +165% 1385+ 163P¢ 1563 +209aP
GST 3 49.0 + 6472 420+7.032 434+713 481+ 632 51.7 + 8.02 50.8 + 10.7 2

Each value is expressed as mean = standard deviation (n = 8). Value (a—c) with different letters within the same row
indicates significant difference (p < 0.05). L-PME3-1, M-PME3-1, and H-PME3-1 are represented as low, medium,
and high doses of PME3-1, respectively. SIM is the abbreviation of Simvastatin. ! MDA means malondialdehyde.
(Unit: pmol. MDA /g protein). 2 GPx means glutathione peroxidase. (Unit: umol. NADPH/min/g protein).
3 GST means glutathione S-transferase. (Unit: mol. CDNB-GSH/min/g protein).

HMG-CoA reductase is the most critical enzyme (the rate-limiting enzyme) in the
process of cholesterol synthesis. This process reduces HMG-CoA to mevalonate and
synthesizes the cholesterol [51]. HMG-CoA reductase is thus the most important indicator
of cholesterol synthesis. As can be seen from Figure 2, compared with the blank group,
the HMG-CoA reductase content in the liver was slightly increased by approximately
0.30 times. The low-dose, medium-dose, and high-dose groups all inhibited the formation
of HMG-CoA reductase, with figures of around 0.3%, 17.5%, and 24.1%, respectively, and
there was no significant difference between the groups with the middle and high doses of
PMES3-1 and the SIM group (an inhibition of approximately 28.6%).
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Figure 2. Effects of PME3-1 on HMG-CoA reductase capacity of the liver tissue in high fat and
cholesterol diet in hamsters. Each value is expressed as mean =+ standard deviation (n = 8). Value
(a—c) with different letters within the same row indicate significant difference (p < 0.05).
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4. Conclusions

This study confirmed that PME3-1 has a reduced ability on TC, TG, the LDL/HDL
ratio, and the atherosclerotic index in hamster serum under a high fat and cholesterol
diet. In addition, the content of lipid peroxidation product MDA and the activity of
HMG-CoA reductase in the liver decreased as well. The excretion of TC and TG in feces
was also increased. It is clear that PME3-1 is an effective inhibitor of cardiovascular-
related diseases. It can be speculated that the hypolipidemic mechanism of PME3-1 is
related to the inhibition of cholesterol, lipid synthesis, and lipid peroxidation in the liver
and the promotion of fecal cholesterol excretion in hamsters. However, the subcutaneous
mechanism of PME3-1 requires further investigation. In summary, PME3-1 has the potential
to reduce serum hyperlipidemia and lipid accumulation in the liver. This is helpful for
developing nutraceuticals for preventing cardiovascular-related diseases in the future.
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Figure A1. Effects of PME3-1 on the body weight change in hamsters fed with high fat and cholesterol
diet. The HFC-diet hamsters were orally supplemented with low (L-PME3-1), middle (M-PME3-1)
and high (H-PME3-1) doses of PME3-1 (0.2, 1.0, 5.0 mg/kg b.w.) or Simvastatin (SIM) (5.0 mg/kg
b.w.). Body weights were measured once a week. Each value is expressed as mean + standard
deviation (n = 8). Value (a—c) with different letters within different groups at the same week indicates

significant difference (p < 0.05).
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