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Abstract

Objective: Inflammation and calcification are major factors responsible for failure of
bioprosthetic valve and other substitute heart valve implantations. The objective of this study
was to evaluate the anti-inflammatory and anti-calcification effects of Entelon150® (consisting

of grape-seed extract) in a beagle dog model of intravascular bovine pericardium implantation.

Methods: In total, 8 healthy male beagle dogs were implanted with a bovine pericardium
bilaterally in the external jugular veins and divided into two groups. Animals in the
Entelon150® group (n = 4) were treated with 150 mg of Entelon150® twice daily for six weeks
after surgery. The negative control (NC) group (n = 4) was treated with 5 ml of saline using
the same method. After six weeks, we measured the calcium content, performed histological

examination, and performed molecular analysis.

Results: The calcium content of implanted tissue in the Entelon150® group (0.56+0.14 mg/g)
was significantly lower than that in the NC group (1.48+0.57 mg/g) (p < 0.05).
Histopathological examination showed that infiltration of chronic inflammatory cells, such as
fibroblasts and macrophages, occurred around the graft in all groups; however, the
inflammation level of the implanted tissue in the Entelon150® group was significantly lower
than that in the NC group. Both immunohistochemical and western blot analyses revealed that

bone morphogenetic protein 2 expression was significantly attenuated in the Entelon150®
group.

Conclusions: Our results indicate that Entelon150® significantly attenuates post-implantation
inflammation and degenerative calcification of the bovine pericardium in dogs. Therefore,
Entelon150® may increase the longevity of the bovine pericardium after intravascular

implantation.
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Introduction

Bovine pericardium is widely used in patch material during vascular surgery. It is also used in
bioprosthetic heart valve leaflets with specific treatment to increase its longevity. Heart valves
made of a bovine pericardium are safe, offer improved hemodynamics, have less risk of
thrombosis, and do not need long-term anticoagulant therapy [1,2]. However, the durability of
the bovine pericardium is a major problem, as it is prone to valve calcification, structural
deterioration, and eventual failure. Several approaches to reduce calcification have been
attempted, including systemic anti-calcification agent administration. However, many of these
approaches have been either ineffective or have produced unwanted side effects [3]. To
overcome this drawback, studies on the complementary treatment of calcification have focused

on traditional herbal medicines recently [4-6].

Grape fruit (Vitis vinifera) is one of the most important and popular fruit crops worldwide
because of its high phytochemical content and its nutritional value. All parts of this fruit have
been used as dietary supplements to treat or prevent various diseases [7-9]. In general, grape
fruit is rich in phenols, flavonoids, and fatty acids. The anti-inflammatory [7,9] and anti-

oxidative [7] effects of grape seed extract (GSE) are now well established.

Interleukin-6 (IL-6) plays an important role in increasing bone morphogenic protein 2/4 (BMP-
2/4) expression in vessels and valve tissue, thereby leading to vascular calcification [3]. It has

been shown that application of GSE reduces IL-6 activity in different disease models [10,11].

To the best of our knowledge, there have been no studies examining the effects of GSE on
bovine pericardium implants. It is thus unknown whether GSE could prevent bovine
pericardium calcification and degeneration. Therefore, the purpose of this study was to
investigate the anti-inflammatory and anti-calcification effects of Entelon150® on intravenous

bovine pericardium implants in beagle dogs.
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Methods

Animal and experimental design

Eight healthy male beagle dogs (20 weeks old; mean body weight 9.76 + 0.32 kg, range 8.00—
10.80 kg) were used in this study. They were housed separately in stainless steel cages (W 895
x L. 795 x H 765 mm) in an environmentally controlled room (temperature 23 + 3 °C, relative
humidity 55 + 15%, ventilation frequency 10-20 times/hr, light cycle 8 am to 8 pm, illumination
150 to 300 Lux). Food and sterilized water were available ad libitum. Animals were divided
equally into two groups: 1) Negative control (NC) group: vehicle-treated after prosthetic
implantation; 2) Entelon150®-treated group: treated with grape seed extract (Entelon150%;
Hanlim Pharm. Co., Ltd. Yongin-si, Korea), 150 mg per animal twice daily for six weeks after
implantation. The mouth of the animal was opened to its natural position in the breeding box,
and the test article was placed on the tongue. The animal’s mouth was then shut, and the neck
was gently stroked until the animal swallowed. All animals were closely monitored during the
experimental period, and we observed no clinical symptoms. This study was approved by the
Institutional Animal Care and Use Committee at the KNOTUS Co., Ltd., Incheon-si, Korea

(Certificate No: IACUC 19-KE-132).

Surgical procedure for implantation and postoperative care

Each animal was anesthetized with an intravenous injection of Zoletil 50 (VIRBAC, France; 5
mg/kg) and xylazine (Rompun®, Bayer AG, Germany; 2.5 mg/kg). After intubation with a 3.0-
mm endotracheal tube, inhaled isoflurane was used to maintain anesthesia. All animals
received 0.9% saline (10 ml/kg/h) intravenously throughout the surgical procedure. The skin
was incised along the ventral cervical midline, and blunt separation was performed to expose
the left external jugular vein from the sternohyoid muscle. After administration of heparin (50

IU/kg, 1V), the left jugular vein was temporarily blocked using 4-0 silk and 5 French feeding

4
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92  tubes. An 8-mm longitudinal incision was then made in the jugular vein using a no. 11 surgical
93  blade. A commercially available bovine pericardium (PERIBORN® Bovine Pericardium,
94  BP0506, Taewoong Medical Co., Ltd. Gimpo-si, South Korea) was used in this study. Before
95 implantation, the Bovine pericardium was rinsed for 30 min in 500 ml of sterile physiological
96 saline. The antibiotic cephradine (30 mg/kg i.v, bid) and the analgesic tramadol (2 mg/kg i.v.,
97 tid) were injected for three days after surgery. An approximately 3-mm rectangular
98  bioprosthetic was fixed to the inner wall of the jugular vein using a 6-0 polypropylene running
99  suture. The jugular vein was closed by angioplasty using a 6-0 polypropylene running suture.
100  The bovine pericardium was also implanted into the right external jugular vein as described
101 above. The schematic diagram below shows the anatomy of the jugular vein in beagle dogs,

102  relevant to this surgical procedure (Fig 1).

103  Measurement of vascular patency

104  Vascular patency was checked using the color doppler mode of an ultrasonic device (LOGIQ
105 e Ultrasound; GE Healthcare, Fairfield, USA). Angiography was also performed with a bolus
106  intravenous injection of 2 ml/kg iohexol (Omnipaque™, 300 mg I/ml; GE Healthcare) using a
107  CT-scanner (CT; 16-channel multidetector; BrightSpeed Elite, GE Healthcare, Fairfield, CT,

108  USA) for additional confirmation.

109  Sample collection

110  Six weeks after surgery and immediately after measuring vascular patency, the animals were
111 euthanized and both the left and right external jugular veins were removed. The right external
112 jugular vein was cleaned of connective tissues around the implanted prosthetic. The prosthetic
113 was then stored in a cryogenic freezer maintained at about -80 ° C for later calcium
114 quantification. Half of the left external jugular vein was fixed in a 10% neutral buffered

115  formalin solution for histopathological examination, and the other half was stored in a

5
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116 cryogenic freezer maintained at -80 ° C for western blotting.

117  Measurement of calcium content

118  Moisture was removed from the stored implant through 24 h of freeze-drying. After weighing
119  the implants, they were suspended in a beaker containing 5 ml of aqua regia solution. Hydrogen
120 peroxide (H,0,; 5 ml) was then added to the beaker, and the beaker was slowly heated to 70—
121 80°C on a hot plate for 6 h to dissolve the tissue. The solution was then heated for a further 5
122 hat 140-150°C. An additional 5 ml of H,O, was then added. Subsequently, each sample was
123 diluted to a total volume of 50 ml with distilled water. The diluted samples were used to

124  measure the calcium content.

125  Histopathological examination

126 For histopathological examination, each sample was soaked in 10% neutralized buffered
127  formalin and processed using standard methods. Paraffin-embedded tissue was sliced into 4-
128  um-thick sections and stained with hematoxylin and eosin (H & E). For H & E-stained slides,
129 infiltration of inflammatory cells around the implanted bovine pericardium was quantified
130  according to the following criteria: 0: none, 1: weak inflammatory cell infiltration, 2: moderate

131 inflammatory cell infiltration, 3: severe inflammatory cell infiltration.

132 For immunohistochemical analysis, the sections were deparaffinized following standard
133 protocols. The sections were then incubated in 3% hydrogen peroxide for 10 min to inactivate
134 endogenous peroxidase and then blocked by incubating the sections for 1 h in 5% bovine serum
135  albumin. The sections were then incubated overnight with anti-alpha smooth muscle actin (o-
136 SMA) (1:1600, ab5964, Abcam) and bone morphogenetic protein 2 (BMP-2) (1:200,
137  orb251474, Biorbyt) primary antibodies at 4°C. The sections were washed and incubated with

138  secondary anti-rabbit (a-SMA) or anti-mouse (BMP-2) antibodies for 30 min at approximately
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139  20°C. The sections were then washed, counterstained with Mayers Hematoxylin, and mounted
140 on slides. The percentage of stained area (%) was compared between groups. For
141 immunohistochemically stained slides, the expression area was analyzed using a slide scanner
142 (Axio Scan Z1, Carl Zeiss, Germany), and the slides were then subjected to image analysis

143 (ZEN, Carl Zeiss, Germany).

144  Western blotting

145  Cryogenically frozen samples were homogenized using RIPA buffer, after which proteins were
146  extracted and quantified. A sample for electrophoreses was prepared by quantifying the
147  sample’s protein content, and the sample was electrophoresed on 10-14% acrylamide gel for
148 120 minutes. The protein was then transferred to a polyvinylidene difluoride (PVDF)
149  membrane, and non-specific protein binding sites were removed using blocking buffer. The
150 PVDF membrane was incubated with interleukin-6 (IL-6), osteopontin (OPN), and bone
151 morphogenetic protein 2 (BMP-2) primary antibodies at about 4°C for 6 hours or more. After
152  the primary antibody reaction, the membrane was exposed to the secondary antibody (diluted
153 1: 10,000). After the reaction was complete, the cells were washed with PBS-T buffer (0.5%
154  Tween 20 in phosphate buffered saline) and the sample was developed using an enhanced
155  chemiluminescence (ECL) reagent for immunoblot analysis. The color-completed sample was
156  analyzed using an image analyzer. B-actin was used as intrinsic control. Finally, the ECL signal
157  was quantitated using the pixel density analysis algorithm within ImageJ software (National
158  Institute of Health, NY, USA). The relative band density was calculated as follows: relative

159  band density = (specific band density/B-actin band density) x 100.

160  Statistical analysis

161  All data are expressed as mean + SD. Statistical analyses were performed using GraphPad

162  Prism 5.0 software (GraphPad Software, Inc., San Diego, CA, USA). An unpaired t-test was
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163 used to compare two groups. All statistical tests were two-sided, and significance was defined

164 as P <0.05.

165

166 Results

167  There were no differences in body weight between the control and Entelon150®-treated
168  groups (Fig 2 A). Vascular patency was evaluated using ultrasonography and CT scanning.

169  No interruption of flow patency was observed on either CT scans (Fig 2, B and C) or

170 ultrasonographs (Fig 3).

171 Calcified lesions were not observed around the vessel or in the implants in either control or
172 Entelon150®-treated groups. The Ca®" level in the Entelon150®-treated group (0.56+0.14

173 mg/g) was significantly lower than that in the NC group (1.48+0.57 mg/g) (P < 0.05, Fig 4).
174  Western blot analysis showed that BMP-2 levels in the Entelon150®-treated group

175 (82.21%£11.20%) were significantly lower (P < 0.001) than in the NC group (100.00+4.63%).
176 Western blot analysis also revealed that IL-6 levels in the Entelon150®-treated group

177 (55.36%5.49%) were significantly lower (P < 0.001) than NC group (100.00£10.30%).

178  However, the expression of OPN was not significantly different between two groups (Fig 5).
179  Histopathological examination revealed infiltration of chronic inflammatory cells such as

180  fibroblasts and macrophages around the graft in all groups. However, the inflammation level
181  of the Entelon150®-treated group (1.50+0.58%) was significantly lower (P < 0.001) than the
182 NC group (2.25+£0.96%). In particular, a basophilic substance presumed to be the earliest sign
183  of calcium deposition was observed in the NC group between the intercellular matrixes of the
184  peri-graft tissue (Fig 6). Immunohistochemical staining revealed that BMP-2 levels in the

185  Entelon150®-treated group (1.27+0.06%) were significantly (P < 0.05) lower than those in

186  the NC group (1.67+£0.31%). However, the expression of a-SMA was not significantly
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187  different between the two groups (Fig 7).

188

189  Discussion

190  This study was the first to investigate the anti-inflammatory and anti-calcification effects of
191  Entelon150® using a beagle dog model of intravenous bovine pericardium implantation.
192 Chronic inflammation and calcification are major signs of the structural deterioration,
193  dysfunction, and failure of bioprosthetic valve made of bovine pericardium [3,12,13]. We
194  hypothesized that Entelon150® would reduce the expression of inflammatory cytokines in the
195  vascular tissue of bovine pericardial implants, thereby suppressing calcification and bovine
196  pericardium. In this study we demonstrated that Entelon150® treatment had two effects:
197  significantly attenuating both inflammation and calcification in a beagle dog model of

198 intravascular bovine pericardial implantation.

199  Indeed, immunological rejection of heterologous tissue is a challenging medical problem
200  contributing to post-implant xenograft degeneration [14]. Our histopathological results are
201  consistent with previous studies observing infiltration of chronic inflammatory cells such as
202  fibroblasts and macrophages around the graft. The inflammation levels of the Entelon150®-
203  treated group was significantly lower than the negative control group. In addition, a basophilic
204  substance, presumed to be the earliest sign of calcium deposition, was observed between the
205 intercellular matrixes of the peri-graft tissue in the negative control group. The basophilic
206  staining using the H & E stain method indicated calcium deposition [15]. The results suggest
207  that administration of Entelon150® lowered inflammation levels and inhibited calcium

208  deposition in the tissues surrounding the graft.

209  In addition, we found that bovine pericardium triggered an immunological response, as we
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210  observed a significant elevation of IL-6 in the NC group. Steroidal anti-inflammatory therapy
211 significantly reduces the incidence of postoperative valve tissue rejection in patients, indicating
212 that suppressing the valve-induced immunological response may improve the postoperative
213 durability of bioprosthetic aortic valve implants [16]. Importantly, our data showed that

214 Entelon150® treatment significantly lowered IL-6 levels, thus mitigating inflammation.

215  BMP-2 is a member of the transforming growth factor (TGF) superfamily and is known to be
216  a master regulator of conventional and ectopic osteogenesis [17]. Alteration of BMP-2
217  reportedly aggravates skeletal and extraskeletal mineralization [18]. In addition, BMP-2 plays
218  a critical role in vascular disease, including atherosclerosis and plaque instability through its
219  effects on vascular inflammation. BMP-2 also regulates vascular oxidative stress and vascular
220  calcification by stimulating osteogenesis in vascular smooth muscle cells [19]. Furthermore,
221 1L-6 activity is strongly associated BMP-2 expression [3,12] and calcification [20]. In this study
222  we found that calcium content and IL-6 expression were significantly lowered in the bovine
223 pericardium of the Entelonl150®-treated group. To elucidate the underlying mechanism
224 involved, we evaluated BMP-2 expression in implanted tissue. Interestingly, Entelon150®
225  treatment significantly lowered BMP-2 expression, demonstrating its therapeutic molecular
226  effects. OPN is an extracellular matrix glycoprotein mainly taking part in bone morphogenesis,
227  bio-mineralization and calcification. OPN is produced as a cytokine in activated T cells and
228  macrophages, demonstrating that OPN plays an important role modulating inflammation.
229  During the healing process or under pro-inflammatory conditions, OPN expression is elevated
230  near inflammatory cells. OPN is reportedly associated with inflammation, atherosclerosis, and
231 vascular calcification [21]. We also found that along with IL-6 and calcification, OPN
232 expression was increased in the implanted tissue and was non significantly lowered by
233 Entelon150® administration. Additionally, a-SMA expression is used as a measure of tissue

234 fibrosis. Calcification and fibrosis have many common features such as risk factors and have

10
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235  histopathological lesions with similar pathogenic pathways and mediators. The factors
236 initiating calcification include inflammation, cell injury, and tissue infiltration by inflammatory
237  cells, lipids, cytokines, and reactive oxygen species and the overexpression of a-SMA in
238  calcified tissue has also been reported [22,23]. Consistent with these findings, the expression
239  a-SMA in the bovine pericardium was lowered by Entelon150® treatment; however, this

240  difference was not statistically significant.

241 We have previously found that the angiotensin II type 1 receptor blocker losartan attenuates
242 bioprosthetic valve leaflet calcification in a rabbit model of intravascular implantation [3].
243 Calcification of bovine pericardium appears unrelated to certain mechanisms, but rather
244 appears related to reduced inflammation and substances like IL-6, BMP-2, and OPN. Any
245  substance that lowers inflammation through IL-6, BMP-2, and OPN may help prevent
246 calcification. From this point of view, Entelon150®, which consists of grape seed extract, will

247  be more powerful than other synthetic medications at preventing calcification.

248  Limitations

249  The limitations of this study are its relatively low number and the uncertain mechanism of
250  degenerative calcification in our beagle dog model of intravascular bovine pericardium
251  implantation. It is unclear whether the mechanisms in our model are similar to the mechanisms
252  underlying calcification of bovine perciardium in humans. However, we previously compared
253  five implantation methods in a rabbit model and found that the intravenous implantation model
254  most closely resembled bioprosthetic valve made of bovine pericardium calcification in
255  humans. Furthermore, we reported that the calcium content was higher in intravenous implants
256  than in arterial patch implants [24]. We performed our experiments in beagle dogs rather than
257  rabbits; however, we think our results are consistent with the findings in our rabbit intravascular

258  model.

11


https://doi.org/10.1101/2020.06.17.156695
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.06.17.156695; this version posted June 17, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

259  Conclusion

260  We found that Entelon 150% significantly attenuated post-implant degenerative calcification in
261  abeagle dog of intravascular bovine pericardium implantation model. Further observations are
262  required to assess the effects of Entelon 150® on native vessel calcification in another animal

263  model.
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357  Figure Legends
358  Figure 1. Anatomical diagram of a beagle’s jugular vein during the implantation procedure.
359

360  Figure 2. Effects of bioprosthetic valve implantation and Entelon® treatment on body weight

361  and vascular patency as measured by CT-Scan.

362  Data are reported as mean =SEM. NC: Negative control group, Entelon®: Entelon®-treated

363  group. There are no significant differences between experimental groups.
364

365  Figure 3. Effects of bioprosthetic valve implantation and Entelon® treatment on vascular

366  patency as measured by ultrasonography.

367  NC: Negative control group. Entelon®: Entelon®-treated group. The fluent vascular patency

368  was confirmed by Ultrasonography.
369

370  Figure 4. Therapeutic efficacy of Entelon® treatment on the calcium content in bioprosthetic

371 valve implants.

372 NC: Negative control group, Entelon®: Entelon®-treated group. The data are reported as
373  mean = SD. *: p <0.05; and ***: p <0.001, Bonferroni post hoc test following one-way

374  ANOVA versus the NC group.

375
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376  Figure 5. Effects of bioprosthetic valve implantation and Entelon® treatment on the protein
377  expression of BMP-2, IL-6 and OPN as analyzed by Western blot. f-Actin was used as an

378 internal control.

379  NC: Negative control group, Entelon®: Entelon®-treated group. IL-6: Interleukin-6, OPN:
380  osteopontin, BMP-2: bone morphogenetic protein 2. The data are reported as mean + SD. *: p
381 < 0.05; and ***: p <0.001, Bonferroni post hoc test following one-way ANOVA versus the

382  NC group.
383

384  Figure 6. Evaluation of the therapeutic efficacy of Entelon® using histological images
385  analysis. NC: Negative control group, Entelon®: Entelon®-treated group. The data are
386  reported as mean + SD. ***: p <0.001, Bonferroni post hoc test following one-way ANOVA

387  versus the NC group.
388

389  Figure 7. Evaluation of the therapeutic efficacy of Entelon® using histological images
390  analysis. NC: Negative control group, Entelon®: Entelon®-treated group. The data are
391  reported as mean = SD. *: p < (.05, Bonferroni post hoc test following one-way ANOVA

392  versus the NC group.

393

394
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