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Abstract: Clematis flammula is widely used for its pharmacological properties in Tunisia. This work
aimed to explore, in a rat model, the cardiopreventive capacity of polysaccharides extracted from
C. flammula (CFPS) after a myocardial injury caused by isoproterenol. Structural analyses suggested
that the average molecular weight of CFPS was 1.82 × 105 g/mol, being mainly composed of
glucuronide (41.53%), galacturonic acid (19.06%), arabinose (16.10%), galactose (6.15%), glucose
(5.49%), and rhamnose (3.55%). Fourier transform–infrared spectroscopy and nuclear magnetic
resonance spectroscopy experiments showed that CFPS was rich with carbohydrates containing pectic
materials with glycosidic bonds. In addition, results show that pretreatment with CFPS (150 mg/kg)
could improve the electrocardiogram pattern by decreasing the elevated ST segment and ameliorating
the relative heart weights and the biochemical profile content (creatine phosphokinase-MB, lactate
dehydrogenase, and cardiac troponin I). Furthermore, pretreatment with CFPS reduced the amount
of malondialdehyde and restored the genotoxicity induced by isoproterenol. The histopathological
study revealed that CFPS pretreatment diminished the level of cardiac tissue injury. Based on these
data, CFPS presents a broad biological effect as a cardioprotective and can be used for the exploration
of novel natural products for the treatment of cardiac disease.

Keywords: Clematis flammula; polysaccharides; cardioprotective; genotoxicity; myocardial injury

1. Introduction

Heart attacks represent a major form of coronary heart alteration. They occur as
the result of unbalanced cardiac demand and coronary artery supply of nutrients and
oxygen [1,2]. This imbalance leads to degeneration of cardiomyocytes and thereafter to
cardiac ischemia [3], causing damage to myocardium tissue associated with irreversible
heart cells’ death or injury [4]. Even though clinical care and therapeutic modalities have
improved in cardiovascular disease treatment, acute ischemic heart remains the leading
cause of death in the world with seven million individual deaths [5].

High-acute-dose administration of a synthetic catecholamine, “Isoproterenol” (ISO),
was used experimentally in animals to produce deleterious effects on the heart function,
such as myocardium alteration, fibrosis, apoptosis, hypertrophy, necrosis, and inflammatory
cell infiltration [6,7]. The morphological and pathophysiological aberrations taking place
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in the infarcted rat model were like those seen in myocardial injury (MI) patients [8]. This
experiment was used to investigate the cardioprotective capacity of several molecules
against human MI [9].

The application of medicinal plants has long been used in different countries in
Africa [10]. Vegetable and fruit intake can thus be used to reduce the chance of developing
cardiovascular pathology [11]. Various herbal medicines have been revealed to have
major cardioprotective properties [12] and a powerful neutralization capacity against free
radicals. [13,14]. Polysaccharides, with diverse class of macromolecules, are an important
class of biopolymers. Recently, the pharmacological role of poly- and oligosaccharides as
well as enriched fractions has been deeply studied [15]. Plant polysaccharides are primarily
of interest due to their numerous biological activities, ranging from antioxidant, anti-
inflammatory, and anticancer properties to antiviral and anti-hyperlipidemic activities [16].

Clematis species are widely distributed in the Northern Hemisphere, which explains
their widespread use in traditional medicines. In Europe and Eastern Asia, people use
the aerial parts to treat eye infections, bone illnesses, gout, fever, and chronic skin dis-
orders [17,18]. Chinese people use Clematis species against wind-cold rheumatism [19].
Furthermore, it has been reported that some species, such as C. flammula, showed antifungal
activity [20], cytotoxic activity, an anti-inflammatory effect and also antioxidant potential
to deal with potential arthritis, superficial burns, and cancer [21]. It has been reported
that polysaccharides from C. huchouensis Tamura (acidic proteoglycan) possess important
scavenger activity [22]. A flavonoid extracted from C. tangutica ameliorates myocardial
alteration [23]. Other glycosides of C. lasiandra Maxim exhibited significant protection
against tumor cell lines [24]. In Tunisia, the ethnopharmacological data obtained from
herbalists highlighted that C. flammula (Ranunculaceae) has been used traditionally to treat
skin diseases [25].

The goal of this work was to study the preventive capacity of an enriched polysaccha-
ride fraction extracted from the aerial part of Clematis flammula (CFPS) against isoproterenol-
induced MI in a rat model (male Wistar rats). Thus, electrocardiogram (ECG) patterns, heart
oxidative stress, biochemical markers, apoptosis tests, and the myocardial pathology were
explored. Furthermore, the CFPS fraction was structurally characterized by colorimetric
assays, high-pressure size-exclusion chromatography (HPSEC), size-exclusion chromatog-
raphy coupled with multi-angle laser-light scattering (SEC-MALS), gas chromatography
coupled to mass spectrometry (GC/MS), Fourier transform–infrared spectroscopy (FT-IR),
and nuclear magnetic resonance spectroscopy (NMR) experiments to partly correlate the
biological functions studied in this paper with the main identified structural features.

2. Materials and Methods
2.1. Plant Material and Chemicals

The aerial parts of Clematis flammula were harvested in May 2019, from Sened, in the
Gafsa region of south Tunisia (34◦27′46” N latitude and 9◦15′51” E longitude). The species
was identified by Dr. Zouhaeir Abbes. The leaves and flowers were washed, dried, and
then ground into a powder (50–200 mesh) and finally kept at room temperature until use.

2.2. Extraction and Purification of CFPS Fraction from the Aerial Part of C. Flammula

The CFPS fraction was extracted using the protocol described by Rjeibi et al. [26].
Briefly, the dried leaf and flower powder (200 g) was first depigmented and delipidated
sequentially with acetone and ethanol (7:3 v:v) for 1 h at 40 ◦C under moderate stirring
(300 rpm). The depigmented and defatted biomass was dried in an oven for 3 h at 50 ◦C and
then extracted using hot water for 2 h at 70 ◦C under stirring (300 rpm). After centrifugation
(3750× g) for 20 min using a refrigerated centrifuge (ThermoJouan GR4i, Thermo Fisher
Scientific, Munich, Germany), the supernatant was precipitated overnight by adding
3 volumes of cold ethanol (96%, −20 ◦C) under gentle stirring (140 rpm). The crude
enriched fraction in polysaccharides was then obtained through another centrifugation
step (8000× g, 15 min, 4 ◦C), followed by ethanolic precipitations (three times) following
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the same procedure (the conductivity was controlled). The final pellet was solubilized
in ultrapure water and then lyophilized to obtain the enriched polysaccharide fraction,
called CFPS.

2.3. Preliminary Study of CFPS
2.3.1. Biochemical Composition

Colorimetric assays were used to determine the biochemical composition of CFPS.
Total carbohydrate contents were estimated using the phenol–sulfuric acid method [27],
D-glucose being used as the standard. Neutral sugars and uronic acids were measured with
the sulfuric resorcinol assay [28] and m-hydroxybiphenyl methods [29], using glucose and
glucuronic acid as standards, respectively. Total phenolic compounds were determined
using the Folin–Ciocalteu procedure, gallic acid being used as the standard [30]. The
concentration in proteins was determined using the micro-Bradford assay using bovine
serum albumin as the standard [31].

2.3.2. Fourier Transform–Infrared Spectroscopy (FT-IR) Analysis

The FT-IR spectrum of CFPS was determined using a VERTEX 70 FTIR instrument
ATR A225 diamante (Bruker VERTEX 70, Ettlingen, Germany). Fifty scans were measured
at room temperature (referenced against air) in the frequency range of 4000 to 400 cm−1.
The data were analyzed with OPUS 7.2 software (Bruker, Ettlingen, Germany).

2.3.3. Monosaccharide Composition Analysis with GC/MS

The analysis of the trimethylsilylated monosaccharides was carried out using gas
chromatography (GC). In total, 15 mg of CFPS was solubilized in 1.5 mL of TFA (2 M) and
heated for 90 min at 120 ◦C to release the residues. The hydrolysate was then evaporated
under a nitrogen stream (60 ◦C). Monosaccharide derivatization was carried out following
a method adapted from Pierre et al. [32,33] using BSTFA: TMCS (99:1) (2 h, 30 ◦C). The
mixture was then dried under a nitrogen stream, and the trimethylsilyl-O-glycosides were
resuspended into dichloromethane (10 g/L). The same procedure was repeated using
standard monosaccharides (mannose: Man, glucose: Glc, arabinose: Ara, rhamnose: Rha,
ribose: Rib, fucose: Fuc, xylose: Xyl, fructose: Fruc, mannuronic acid: ManA, galactose:
Gal, glucuronic acid: GlcA, and galacturonic acid: GalA). Glucuronide and glucoside
amounts were estimated using GlcA- and Glc-adapted standard curves. The samples
were injected on a Shimadzu Nexus GC-2030 coupled to a GCMS-QP2020NX (Shimadzu,
Japan), equipped with an OPTIMA-1MS Accent column (Macherey-Nagel; 30 m, 0.25 mm,
0.25 µm) from Macherey-Nagel with a hydrogen flow rate of 1.75 mL/min (7.8 psi). The
initial temperature was set at 100 ◦C for 2.75 min, followed by a rise of 8.40 ◦C/min until
reaching 200 ◦C. A second increase in temperature was set at 5.20 C/min until 215 ◦C
was reached, and this was held for 0.95 min. The electronic impact (EI, 70 eV) ionization
method was performed with the trap temperature set at 150 ◦C, and the target ion was
fixed at 40–800 m/z. The solvent cut time was set at 5 min, the split ratio was 50: 1, and the
temperature of the injector was 250 ◦C. The relative molar proportions were determined
using area normalization. The data were analyzed using MestReNova Software 7.1.0-9185
(Mestrelab Research, Coruña, Spain).

2.3.4. Molecular Structural Characteristics

• Determination by HPLC-RID

The molecular weight of CFPS was firstly estimated by HPSEC (HPLC 1100 series,
Agilent, Palo Alto, CA, USA) coupled to a refractive index detector (RIDG1362, Agi-
lent). Two columns (TSKgel PWXL Type Guard column 5000 and 3000, Tosoh Bioscience
GMBH, Stuttgart, Germany) were eluted with sodium nitrate (NaNO3, 0.1 M) at 50◦C and
1 mL/min, using pullulan standards as standards for calibration (from 1.3 to 800 kDa,
10 g/L). NaNO3 (0.1 M) was used to solubilize CFPS (10 g/L) for 24 h at room temperature
under magnetic stirring (350 rpm) before injection (20 µL). The number (Mn) and weight
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(Mw) average molecular weights and the polydispersity index (Ð) were calculated with
Equations (1)–(3):

Mn =
∑ Ni Mi

∑ Ni
(1)

Mw =
∑ Ni Mi

2

∑ Ni Mi
(2)

=
Mw

Mn
(3)

where Mi and Ni are the molecular weight and number of moles of polymer species, respectively.

• Determination by SEC-MALS

Other molecular characteristics of the CPFS fraction were estimated in the dilute
regime by HPSEC (HELEOS II, Wyatt Technology Corp) coupled to three detectors:
(i) a He-Ne laser at 690 nm (HELEOS II, Wyatt Technology Corp, Santa Barbara, CA,
USA); (ii) a multi-angle laser-light scattering (MALS) filled with a K5 cell (50 L); (iii) a
differential refractive index (RID 10A, Shimadzu, Japan); and a viscosimeter (ViscostarII,
Wyatt Technology Corp., Goleta, CA, USA). Two columns (OHPAK SB-G guard column,
OHPAKSB806 and 804 HQ columns (Shodex)) were eluted with LiNO3 0.1 M at 0.5 mL/min.
CFPS was solubilized at 1 g/L in 0.1 M LiNO3 solution for 72 h under stirring (200 rpm) at
room temperature, filtered (0.45 µm), and then injected through a 100 µL full loop.

2.3.5. NMR Spectrometric Analysis

For NMR analysis, CFPS was dissolved at 50 g/L in D2O and freeze-dried to substitute
exchangeable proton with deuterium (3 times). NMR spectra were obtained at 353 K on
a Bruker AVANCE III HD 500 MHz spectrometer equipped with a Bruker 5 mm inverse
probe TXI (1H/13C/15N) with a z-gradient coil probe. The 1H NMR spectrum was acquired
using a ZG sequence. A total of 128 scans were collected with the following parameters:
(i) 90 impulsion time of 9.7 µs at a power of 14 W, (ii) 4 s relaxation time, (iii) an acquisition
of 3.3 s, (iv) a spectral window of 20 ppm, and (v) 65 K data points zero-filled to 131 K
before Fourier transformation with 0.3 Hz line broadening.

2.4. In Vivo Study
2.4.1. Animals

The experimental protocols that were used in this study were approved by the Ethical
Committee for the Care and Use of Laboratory Animals at the University of Gafsa (reference
no: FSG-AE-20-23). The whole experiment was carried out using 32 male Wistar rats (sixty
days old and weighing 280–290 g). The animals were acquired from the Central Pharmacy
of Tunisia. Rats were kept in standard cages for a one-week acclimatization period in a
hygienic and clean environment at around 20 ◦C and 60 ± 5% humidity with an alternate
12 h cycle of dark and light. The animals had free access to water and a standard diet.

2.4.2. Experimental Induction in Rats

Isoproterenol (ISO) was dissolved in 2 mL of physiological saline and injected into
rats subcutaneously (85 mg/kg body weight/day) on the 14th and 15th days to induce
experimental MI [34].

2.4.3. Acute Toxicity Study

The acute toxicity assays were conducted by administering CFPS extracts at the
following doses: 5, 25, 50, 75, and 100 mg/kg body weight. Then, the general behavior and
the number of deaths were monitored from 24 h following administration of the extracts
onwards, and it was continued within 14 days of the administration of the substances.
No change, clinical sign of toxicity, or mortality was observed in animals up to a dose of
100 mg/kg bw until the end of the experiment.
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2.4.4. Experimental Protocols

After the acclimatization, 32 male Wistar rats were randomly allocated into 4 groups
of 8 rats each:

• Group I: vehicle control rats, received standard laboratory diet and saline water ad
libitum for 15 days.

• Group II: ISO-treated rats, received saline water for 15 days, and subcutaneously
injected with ISO (85 mg/kg body weight) on the 14th day and 24 h later.

• Group III (ISO + CFPS): rats were given CFPS at a dose of 100 mg/kg daily for 15 days
by gastric gavage and subcutaneously received ISO (85 mg/kg body weight) for two
consecutive days (14th and 15th days)

• Group IV (ISO + Pid): Rats were treated with pidogrel (Pid) 150 µg/kg body weight
orally) for 15 days and were subcutaneously injected with ISO (85 mg/kg body weight)
on the 14th and 15th day.

2.4.5. Electrocardiography

Twenty-four hours later, after the second dose of ISO, touch electrodes were inserted
under the skin of animals included in all the groups under light ether anesthesia with
ketamine hydrochloride (80 mg/kg, i.p.) in lead II position. CG) patterns were monitored
by using a veterinary electrocardiograph (ECG VET 110, Biocare, China).

2.4.6. Biochemical Assay

After recording the ECG of anesthetized rats, the animals were anesthetized with
ketamine hydrochloride (100 mg/Kg bw) intraperitoneally and decapitated.

The plasma was separated by centrifugation (3500 rpm; 10 min; 4 ◦C) and directly
used for the analysis of plasmatic creatine phosphokinase-MB (CK-MB) and lactate dehy-
drogenase (LDH). Plasma activities of CK-MB and LDH were expressed as units per liter.
The amount of plasma cardiac troponin-I (ng.mL–1) was measured using a standard kit by
electrochemiluminescence immunoassay (Roche Diagnostics, Switzerland, Ref, 07007302
119). The lipid profile, including total cholesterol, triglycerides, and LDL cholesterol, was
determined according to routine procedures using commercial reagent kits purchased from
Biolabo (France).

2.4.7. Determination of Lipid Peroxidation

The level of lipid peroxidation in the heart of all the groups of animals was determined
by measuring the concentrations in malondialdehyde (MDA). For this purpose, a thiobarbi-
turic acid reaction was monitored at λ = 532 nm (Shimadzu UV-1800, Shimadzu, Canby,
OR, USA) as described previously by Ohkawa et al. [35], and the results are expressed as
nmol concentration of MDA per mg of proteins.

2.4.8. DNA Fragmentation Assay

DNA in the targeted tissue of the studied animals was extracted using the phenol–
chloroform–isoamyl alcohol method [36]. The DNA was extracted after adding a volume
of phenol–chloroform–isoamyl alcohol (25:24:1) (v:v:v). In total, 5 µL of RNase A (Sigma-
Aldrich, St. Louis, MO, USA) at 20 mg/mL was added and then incubated for 15 min to
degrade all cellular RNAs.

Qualitative damage of genomic DNA was carried out by electrophoresis on 0.8%
agarose–ethidium bromide gel staining. Thirty-one intact and fragmented DNA fractions
were visualized under UV light [37].

2.4.9. Measurement of Myocardial Infarction Area

The myocardial infarct size was determined using the triphenyl tetrazolium chloride (TTC)
test according to the method described by Khalil et al. [38]. Briefly, sections of the removed
heart tissue were stained with 1% 2, 3, 5-TTC dissolved in PBS at 37 ◦C for 20 min. A light
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microscope was used to evaluate these sections, and infarct size was calculated by dividing the
infarct ischemic region, which appeared as white, by the total area (white and red).

2.4.10. Histopathological Studies

After sacrificing the animals, the heart tissues of each rat were immediately dissected
and fixed in 10% buffered formalin solution. The fixed tissues of liver were inserted in
paraffin, cut into multiple sections of 5 µm, and then stained with hematoxylin and eosin
(H&E) to evaluate myocardial necrosis, edema, and inflammatory cell infiltration. Various
photos of the tissues were obtained by a light microscope up to and at 200× g magnification
(Olympus CX41 microscope (Tokyo, Japan).

2.5. Statistical Tests

The data are expressed as the mean ± standard deviation (SD). A one-way ANOVA
with a Tukey post hoc test was used along with the Graph-Prism 7.01 software (GraphPad,
San Diego, CA, USA). Post hoc tests were used as a follow-up to the ANOVA to determine
which pairwise comparison of means contributes to the overall significant difference. Data
were considered statistically significant at p < 0.05.

3. Results
3.1. Chemical Composition

The physicochemical parameters of CFPS are shown in Table 1. The results show
that the extracted yield was 6.5%. Following the phenol–sulfuric acid test, carbohydrates
were determined to be the most important content in the crude polysaccharides (34.5%).
The uronic acid and neutral sugar contents were about 17.81 and 16.11%, respectively.
Furthermore, the results also reveal that CFPS contained small amounts of total phenol
(1.6%). Meanwhile, the protein content of CFPS was about 2.5%, which indicated the good
purity of the extracted polysaccharides.

Table 1. Global composition of CFPS fraction extracted from Clematis flammula.

Extraction
Yield

(%, w/w)

Total
Carbohydrates

(%, w/w)

Uronic Acids
(%, w/w)

Neutral
Sugars

(%, w/w)

Proteins
(%, w/w)

Phenolic
Compounds

(%, w/w)

(NaCl) eq.
(%)

Conductivity
(µs/cm)

6.5
34.5 a ± 0.35

17.81 ± 0.25 16.11 ± 0.12 2.5 ± 0.45 1.6 ± 0.12 8.26 11038.1 b ± 1.1

Values are means ± SD (n = 3) as measured using a a colorimetric assay and b quantified by GC/MS-EI.

3.2. Preliminary Structural Features of CFPS
3.2.1. FT-IR Spectra

FT-IR was used to pre-identify (footprint) functional groups of CFPS (Figure 1). CFPS
presented a typical polysaccharide spectrum [39,40] with a strong and broad absorption
bond observed at 3273 cm−1 that was assigned to O-H stretching vibrations of water and
carbohydrates. The peak at 2361 cm−1 was due to the lack of CO2/H2O normalization
during the data treatment. The two peaks at 1596 cm−1 and 1402 cm−1 were attributed
to carboxylate groups of uronic acid residues but could also correspond to the overlap of
glucuronide/glucoside or methyl–sugar structures. The absorption band at 1095 cm−1

(from 1000 cm−1 to 1200 cm−1) corresponded to the stretching vibration of polysaccharides.
The bands around 885 cm−1 could be due to β-linked polysaccharides. Note that some
proteins (traces) could also be detected owing to the band close to 1321 cm−1.
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Figure 1. ATR-FTIR spectrum of CFPS.

3.2.2. Monosaccharide Composition

The monosaccharide content of CFPS was explored using GC/MS (Table 2). CFPS
was rich in glucuronide (41.53%), Ara (16.10%), and Glc (5.49%). Minor levels of galactur-
onic acid (19.06%), galactose (6.15%), and rhamnose (3.55%) were seen as a result of the
presence of pectic polymers [41]. These results suggest that CPFS is a fraction enriched in
carbohydrates containing pectic materials (GalA, Rha, and Ara) as well as glucuronides
and glycosides.

Table 2. Characterization of CFPS fraction extracted from Clematis flammula.

Mw
a (g/mol) Mn

b (g/mol) Ð c Rh d (nm) [η] e (mL/g) Monosaccharides f (mol%)
Ara Rha Gal Glc GalA Glucuronide Glucoside Me-Hexp

1.82 × 105 4.68 × 104 3.89 21 165 16.1 3.55 6.15 5.49 19.1 41.5 5.08 3.02

Analyses were run in duplicate, and the relative standard deviations were less than 5%. a Mw: weight-average
molecular weight was measured by HPSEC. b Mn: number-average molecular weight was measured by HPSEC.
c Ð: polydispersity index Mw/Mn. d Rh: hydration radius was determined by SEC-MALLS. e [η]: intrinsic
viscosity was determined by SEC-MALLS. f Monosaccharide composition was determined by GC/MS-EI. Glc:
glucose, GalA: galacturonic acid, Gal: galactose, Ara: arabinose, Rha: rhamnose, Me-Hexp: methyl-hexopyranose.

3.2.3. Macromolecular Characteristics of CFPS

The CPFS fraction was analyzed using both HPSEC-RID and SEC-MALS. The Mw
and Mn of CFPS were 1.82 × 105 and 4.68 × 104 g.mol−1, respectively, with a significant
polydispersity index value (3.89), highlighting the partial heterogeneity of CFPS (Table 2),
which was consistent with the presence of pectic materials, glucuronides, and glycosides.
These values were in the same range as those found for water-soluble polysaccharides
extracted from Ranunculaceae such as Aconitum coreanum (340 kDa) [42]. The intrinsic
viscosity [η] and hydrodynamic radius (Rh) values, which are used for understanding the
rheological behavior of hydrocolloids in solutions, were 165 mL/g and 21 nm, respectively,
for CFPS. As described in the literature, these values depend on the molecular weight and
the conformation of polymer chains in solvents [43]. The critical concentration C*, defined
by 1–4/[η], can be theoretically estimated as ranging from 0.61% to 2.42% (w/v).
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3.2.4. NMR Investigation

The polysaccharides extracted from C. flammula were qualitatively analyzed using 1H
NMR spectroscopy (Figure 2). In combination with the constituent monosaccharides of
CFPS, the weak signal at 1.11 ppm was assigned to the methyl groups of rhamnose. The set
of signals at (3.41–4.31 ppm) was assigned to the characteristic resonances of the proton ring
(H2–H5) [44]. Furthermore, the presence of several anomeric signals in the region between
4.45 and 4.65 ppm indicates the presence of terminal galactose [45]. These indicate that
the fraction contained galactan side chains and agreed with the sugar composition. Other
signals observed at 5.12 ppm, 4.05 ppm, 3.88 ppm, and 4.02 ppm were clearly assigned to
H-1, H2, H-3, and H-4, respectively, of the terminal arabinosyl residue [46].
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Figure 2. 1H NMR spectra of CFPS from Clematis flammula.

3.3. In Vivo Activities
3.3.1. Heart Weight and Body Weight

The heart weight and body weight of treated rats are shown in Table 3. The rats
intoxicated with isoproterenol revealed an obvious elevation in the heart weight (p < 0.01)
and an insignificant change in body weight, as compared to controls. Pretreatment with
pidogrel or CFPS showed a remarkable reduction in relative heart weights by 12% and 8%
(p < 0.05), respectively, compared to the ISO-treated group. No differences were observed
between the CFPS + ISO and the Pid + ISO groups (p < 0.05).

Table 3. Effect of CFPS fraction on body weight, heart weight, and cardiac weight index (CWI) of
control and experimental groups of rats.

Control ISO Pid + ISO CFPS + ISO

Body weight (g) 293.5 ± 2.31 294.4 ± 2.55 295.3 ± 1.76 294.6 ± 2.79
Heart weight (g) 0.75 ± 0.01 1. 32 ± 0.08 * 1.02 ± 0.09 ¥ 1.01 ± 0.12 ¥

CWI 0.25 ± 0.01 0.44 ± 0.01 * 0.35 ± 0.01 ¥ 0.34 ± 0.02 ¥

Values are expressed as mean ± SD of eight rats in each group. * p < 0.05: controls vs. ISO. ¥ p < 0.05: CFPS + ISO
or Pid + ISO vs. ISO.
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3.3.2. Effect of CFPS on ECG Findings

Figure 3 reveals that normal rats represented an ECG pattern with regular sinus
rhythm. In contrast, as compared to the control group, ISO-treated rats exhibited remark-
able changes in ECG pattern, as well as ST segment elevation (Supplementary Data). The
combination with CFPS (100 mg/kg) attenuated ECG pattern changes and mitigated con-
duction abnormalities when compared to the ISO-treated rats alone, which confirmed its
ameliorating role in the heart membrane.
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Figure 3. Effect of CFPS on electrocardiographic (ECG) pattern in treated animals. Control: recording
of the control rats. ISO: recordings of the rats injected with isoproterenol (85 mg/kg). ISO + Pid:
recording of rats precotreated with pidogrel (Pid) and injected with isoproterenol. Iso + CFPS:
recording of rats precotreated with CFPS and injected with isoproterenol.

3.3.3. Cardiac Injury Biomarkers

The activities of cardiac marker enzymes in the plasma of experimental animals are
shown in Table 4. The activity of plasmatic creatine phosphokinase-MB (CK-MB) and
lactate dehydrogenase (LDH) as well as the amount of cardiac troponin I (cTn-I) were
remarkably increased (p < 0.05) by 413%, 124%, and 187%, respectively, in the ISO-treated
group as compared to normal animals. The combination with CFPS extract prevented
the side effect of ISO and thereafter the levels of the biochemical markers, as compared
to intoxicated animals alone. Similar results were observed for pidogrel treatment. The
results also reveal that the CFPS treatment exhibited a lower protective effect than the Pid
treatment against ISO administration.
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Table 4. Effect of CFPS fraction on cardiac biomarkers.

Control ISO ISO + Pid Iso + CFPS

cTn-I (ng/mL) 0.44 ± 0.05 2.26 ± 0.13 * 1.32 ± 0.03 ¥ 1.45 ± 0.12 ¥,β

CK-MB (U/L) 57.43 ± 1.30 128.9 ± 1.50 * 95.35 ± 1.11 ¥ 102.3 ± 1.00 ¥,β

LDH (U/L) 58.03 ± 1.66 166.7 ± 1.32 * 129.9 ± 1.45 ¥ 134.4 ± 0.72 ¥,β

All values are given as mean ± SD (n = 8). * p < 0.05: controls vs. ISO. ¥ p < 0.05: CFPS + ISO or Pid + ISO vs. ISO.
β p < 0.05: CFPS + ISO vs. Pid + ISO.

3.3.4. Effect of CFPS on Fibrinogen Level

The content of fibrinogen in treated groups is shown in Figure 4. The data reveal
that rats treated with ISO exhibited a significant increase of 51% in plasma fibrinogen
concentration when compared to normal animals. Administration of CFPS in intoxicated
rats decreased the plasma fibrinogen amount by 51% as compared to infarcted rats. More-
over, the pretreatment with pidogrel in infracted rats evidenced a nearly similar result in
reducing the plasma level of fibrinogen by 55% in comparison to the ISO group.
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Figure 4. Plasma fibrinogen level variation in control and experimental rats. Values are given as
mean ± SD for groups of 8 animals each. * p < 0.05: controls vs. ISO. ¥ p < 0.05: CFPS + ISO or
Pid + ISO vs. ISO. β p < 0.05: CFPS + ISO vs. Pid + ISO.

3.3.5. Lipid Profile

The results show that, as compared to normal rats (p < 0.05), the amounts of total
cholesterol, triglycerides, and LDL cholesterol were increased by 38%, 41%, and 122%,
respectively, in ISO-induced myocardial infarcted animals (Table 5). It was remarkable that
the pre/cotreatment with CFPS near normalized the levels of these targeted parameters in
the plasma of rats treated with ISO. Significant differences in the profiles of enzymes were
observed between the CFPS + ISO group and the Pid + ISO group.

Table 5. Effect of CFPS fraction on lipidic profile.

Control Iso ISO + Pid Iso + CFPS

TC (mg/dL) 86.19 ± 1.18 118.6 ± 2.11 * 93.48 ± 0.66 ¥ 100.1 ± 1.26 ¥,β

TG (mg/dL) 40.26 ± 0.72 56.69 ± 1.44 * 48.58 ± 0.90 ¥ 51.04 ± 0.91 ¥,β

LDL-c (mg/dL) 29.25 ± 0.63 64.99 ± 0.87 * 35.82 ± 1.04 ¥ 40.76 ± 0.46 ¥,β

All values are given as mean ± SD (n = 8). * p < 0.05: controls vs. ISO. ¥ p < 0.05: CFPS + ISO or Pid + ISO vs. ISO.
β p < 0.05: CFPS + ISO vs. Pid + ISO.

3.3.6. Effects of CFPS on the Lipid Peroxidation

The cardiac MDA level of all treated groups is illustrated in Figure 5. ISO injection
induced heart oxidative stress as manifested by the increased MDA level, an indicator of
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lipidic peroxidation. However, the administration of CFPS or pidogrel revealed a significant
reduction in MDA levels (p < 0.05) when compared to isoproterenol alone. Significant
differences in the profiles of enzymes were observed between the CFPS + ISO group and
the Pid+ISO group.
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Figure 5. Effect of CFPS precotreatment on lipid peroxidation products in the heart tissues of the
control and experimental groups of rats. Values are expressed as mean ± SD (n = 8). * p < 0.05:
controls vs. ISO. ¥ p < 0.05: CFPS + ISO or Pid + ISO vs. ISO. β p < 0.05: CFPS + ISO vs. Pid + ISO.

3.3.7. DNA Fragmentation Analysis

The cardiac DNA of all the animals at the end of experiment is shown in Figure 6.
In control samples (lane 1), the gel electrophoresis DNA presented an intact band. The
ISO-treated group revealed laddering of the DNA (lane 2). The combination either with
pidogrel (lane 3) or CFPS (lane 4) attenuated the genotoxicity induced by isoproterenol.
The obtained results suggest that CFPS treatment protected DNA via inhibiting oxidative
stress in myocardial tissue.
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Figure 6. Gel electrophoresis DNA of all treated rats. Lane 1 (control): DNA isolated from the heart
tissue of control group; lane 2 (ISO): DNA isolated from group treated with isoproterenol; lane 3
(ISO + Pid): DNA isolated from group precotreated with pidogrel; and lane 4 (ISO + CFPS): DNA
isolated from group precotreated with CFPS.

3.3.8. TTC Staining

The TTC method was used to evaluate the myocardial infarction area of all the groups
(Figure 7). When compared to the control group, which showed normal red myocardial
tissue, ISO treatment led to a large white region (necrotic patches), reflecting a large infarct
area. Pretreatment with either CFPS or pidogrel followed by subcutaneous injection of
isoproterenol revealed fewer necrotic patches and a marked decrease in the infarction size
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compared to the MI group. No differences were observed between the CFPS + ISO and the
Pid + ISO groups (p < 0.05).
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Figure 7. Effect of CFPS on infarct area in control and experimental treated rats as determined by
TTC. Values are expressed as mean ± SD of eight rats in each group. * p < 0.05: controls vs. ISO.
¥ p < 0.05: CFPS + ISO or Pid + ISO vs. ISO.

3.3.9. Histopathological Analysis

The control group showed normal cardiac structure. Nevertheless, the infarcted
rats presented separation of myofibrillar, myocardial cells necrosis, and large leucocyte
infiltration (Figure 8), which is in harmony with results of previous works [46–51]. However,
the ISO-treated group showed myofibrillar distention, necrosis, and inflammatory cell
infiltration. The treatment with pidogrel or CFPS (ISO + Pid) and (Iso + CFPS) reduced
the edema and the inflammatory cell infiltration in the myocardium. Interestingly, the
use of CFPS or pidogrel ameliorated the morphology of cardiac tissue and significantly
diminished the necrosis and edema.
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4. Discussion

In the current study, 6.5% of crude polysaccharides were successfully extracted from
the aerial part of Clematis flammula (CFPS) by water extraction and the alcohol precipitation
method. The recovery yield of polysaccharides obtained in the present work was similar to
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that reported for Clematis huchouensis Tamura (6.94%) [22], but higher than that of those
extracted from Camellia oleifera (1.8%) [52] and pistachio external hull (4.10%) [53]. However,
the obtained yield in the current study was lower than that obtained by Fan et al. [54]
for acidic polysaccharides from Citrus grandis. The observed differences could be due
to the effect of various procedures for storing, drying, and extracting samples [55]. The
uronic acid content of the polysaccharides was estimated to be 17.81, demonstrating NaCl
concentration dependency [55].

As described in the previous section for the FT-IR analysis, the footprint of CFPS
showed characteristic bands corresponding to O-H stretching vibrations of both carbo-
hydrates and water [56], stretching and bending vibrations of C-H (CH, CH2, and CH3)
forms [57], vibrations of carboxylate overlapping with glucoside/glucuronide traces, and
stretching of C−C of carbohydrates. The presence of pyran rings in the polysaccharidic
structure has been previously confirmed [58,59], as well as β-glycosidic bond deformation
and possible α-glycosidic linkages [60].

The result for the monosaccharide content showed remarkable variation as compared
to values seen in the literature, which could be due to the extraction/purification method-
ologies. It is important to bring to attention that, up to now, studies on the purification,
characterization, and biological activities of polysaccharides from the genus Clematis have
been very limited. Other monosaccharides were extracted from Aconitum species belong-
ing to the same family of Ranunculaceae [42]. Thus, heteropolysaccharides composed of
glucose and arabinose were observed in Aconitum coreanum [42]. A water-soluble polysac-
charide composed of glucose monomers was isolated from Aconitum carmichaeli [61].

The observed cardiac hypertrophy in vivo was a consequence of necrosis of cardiac
muscle fibers induced by inflammatory cells following the acute phase of myocardial
infarction, as has been reported by Derbali et al. [62]. ISO-treated rats showed significant
modifications in the ECG pattern, indicators of myocardial infarction [50]. The toxic effect
could be attributed to the lesion of the cell membrane myocardium [63]. In addition, CFPS
has restored the change in heart weight. The effect of CFPS was to reduce the edematous
space in the heart and preserve the myocardium membrane integrity.

The plasma troponins T as well as CK, CK-MB, and LDH were elevated in ISO-treated
rats, which agrees with previous findings [62–64]. The release of these cardiac biomarkers is
a result of the death of myocardial cells and/or a change in membrane permeability [65,66].
The present findings reveal that the combination with CFPS diminished the quantity of
these parameters in plasma. The ameliorative role of CFPS extract was probably due to
the improvement in the cardiac membrane structure, thereby reducing the release of these
biomarkers into the circulation. Similarly, Yang et al. [67] showed that a heteropolysaccha-
ride (named CALB-3) extracted from Fructus aurantii was able to reduce the level of serum
cardiac enzymes and enhance histological damage following myocardial injury in vivo.

The histopathology studies of the cardiac tissue using H&E staining were carried out
to further support the biochemical results. The ISO-treated rats presented separation of
cardiac myofibrillar, myocardial cells necrosis, and vast inflammatory cell infiltration. The
obtained results are in harmony with previous studies [68,69]. An ameliorative state of the
morphology of cardiac tissues was detected when using CFPS or pidogrel. The fibrinogen
change is an indicator of a myocardial infarction [63,64]. The data of the present findings
indicate a high level of plasmatic fibrinogen in the ISO group.

Previous studies have revealed remarkable increases in the level of this glycoprotein
in the heart tissue of intoxicated rats, suggesting thrombi residue formation [63,70]. The
antithrombotic effect of CFPS extract could be due to the reduction in fibrin polymerization,
which minimizes the size of clots [47]. These findings are in harmony with the results
previously reported by Han et al. [48], who suggested that water-soluble polysaccharides
from Astragalus membranaceus were effective against the endothelial dysfunction through
their anti-inflammatory effects.

In the current work, the excessive lipid content was a major risk factor for myocardial
infarction [71]. The increased level of LDL-C could induce an accumulation of cholesterol in
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ISO-treated rats [72]. The elevated triglyceride amount was a result of increased hydrolysis
of stored triglycerides via the lipase hormone, as has been proposed previously [63].

The administration of CFPS near normalized the levels of total cholesterol, triglyc-
erides, and LDL cholesterol in the plasma of ISO-induced myocardial-infarcted rats. Var-
ious mechanisms can be suggested to explain the attenuation of the lipid profiles. Yang
et al. [73] demonstrated that polysaccharide polymers from Cyclocarya paliurus exert their
anti-hyperlipidemic effect by modulating fatty acid synthesis gene expression. In addition,
Ren et al. [74] and Hu et al. [75] suggested that the sulfated polysaccharide from Enteromor-
pha prolifera may ameliorate lipid changes by inhibiting the expression of proteins and/or
by modulation of the activities of peroxisome-proliferator-activated receptor (PPARγ
and PPARδ).

Moreover, animals treated with CFPS or pidogrel revealed a significant reduction in MDA
levels. The reduced levels of MDA might be due to a reactive oxygen species (ROS)-scavenging
capacity. These results suggest that CFPS could considerably scavenge ROS generated in the
ISO-treated group, as has been proposed by Yang et al. [65] and Rjeibi et al. [26].

These results are supported by DNA fragmentation analysis. The result reveals ISO-
induced DNA fragmentation, which is in line with results reported by Liu et al. [76]. The
results also show that CFPS precotreatment decreased the alteration in the DNA profile
induced by ISO administration. This effect confirmed the powerful antioxidative and
ROS-scavenging capacity of this CFPS extract, thereby allowing DNA protection against
cellular damage induced by free radicals [77].

5. Conclusions

To our knowledge, this is the first study that targets the partial characterization and
some biological properties of polysaccharides from Clematis flammula. CFPS revealed
protective efficacy against isoproterenol-induced MI. The beneficial role of CFPS included
an improved ECG pattern and lipid profile, as well as reduced cardiac dysfunctional
markers. The results also show that CFPS reduced the DNA fragmentation and increased
the antioxidant enzyme activities together with reducing the lipid peroxidation. These
outcomes also highlight the potential use of polysaccharides extracted from C. flammula as
natural preservatives in the food, cosmetic, and pharmaceutical industries.
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on the ST segment of control and experimental animals; Figure S3: HPLC-SEC/RID profile of CFPS.
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