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The rapid promotion of angiogenesis is critical for tissue engineering and regenerative medicine. The angiogenic activity of tissue-engineered scaffolds
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[bookmark: page481]has already been the major criterion for choosing and designing ideal biological materials. Current in vivo models for testing biomaterials are time and labor intensive as well as expansive. This study describes a new approach for testing the biological activity of hydroxyapatite (HA) ceramic biomaterial in ovo using the chorioallantoic membrane (CAM) of the developing chicken embryo, as an alternative to the traditional mammalian models. Our results suggested that the HA ceramic scaffolds had satisfactory angiogenic properties, and make this animal model particularly attractive for the rapid in vivo screening of biomaterials.
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Biocompatibility is one of the critical concerns in biomaterial and tissue engineering research. It reflects the nature and degree of interaction between biomaterials and host tissue and can be defined as the ability of a material to perform with an appropriate host response in a specific application [1]. Over recent years the field of tissue engineering has accepted the chicken model as a rather useful one, a quick and cheap alternative to evaluating biocompatibility and inflammatory response of biomaterials implanted in ovo with respect to traditional animal models (rabbits ears, rodent skin, avascular cornea of the rabbit, cheek pouches of the hamster; Ribbati et al. [2], Da-Lozzo et al. [3], Vargas et al. [8]). The response of CAM to implanted biomaterial is similar to the mammalian animal model. We can say that the CAM model represents an intermediate step of testing biomaterial between the simple model (in vitro) and the complex in vivo system (mammalian animal model; Valdes et al. [8]). Chorioallantoic membrane of the chick embryo is widely used for studying angiogenesis in vivo and is referred to as a CAM assay. It is least costly, easier to use and of limited ethical concern than other in vivo models [9].

Materials and methods. Fertilized chicken eggs were received from the certified farm (Parovske Haje, Slovakia) and incubated with storage blunt end up in a forced-draft incubator at 37.5°C, approximately 60-65% humidity after cleaning with 70% ethanol. On embryonic day (ED) 3 of the (21-day) incubation period, 2 ml of albumen was aspirated with a syringe needle (25 G) so as to detach the developing CAM from the top part of the shell [5]. On ED 6, a window of around 1.5 cm2 was gently opened with a serrated scissors on the blunt end of the egg without damaging the embryo. Sterilized test HA component was placed directly on the top of the CAM. The window was then sealed with transparent tape to prevent dehydration and possible infections before returning to the incubator. On ED 10, the covering tapes were removed and the tested material was examined in relation to its biocompatibility with the surrounding vessels of the CAM under the dissecting microscope (Leica M320) as well as samples were taken for the standard H-E histological process.

Results. Angiogenesis is a characteristic sign in the process of regeneration of normal tissue and hence is one of the important factors for the
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[bookmark: page483]safe and successful use of biomaterials in regenerative medicine. And endothelial cell migration and sprouting are the most important steps for that. Four days after the implantation of the HA scaffold on the top of the CAM, the biomaterial was incorporated with the CAM quite well. Hyperplasia of the CAM tissues under the implanting scaffolds was observed in all cases. Epithelial cells from the ectoderm of the CAM can be observed to proliferate and migrate into the HA component forming fusional boundaries between the scaffolds and CAM tissues, which suggested the good biocompatibilities and bioactivities of this biomaterial. Moreover, it should be particularly noted that new CAM tissue grown into the HA scaffold.

A class of designer peptide nanofiber scaffolds has been reported as a unique biological material in the application of angiogenesis [6]. In 1978 a systematic study on the angiogenic and inflammatory effects was published using different carrier materials, e.g. glassfiber, filters, viscose, and gelatin sponges, agarose and polyacrylamide gel [4]. In 1989, Spanel-Borowski used cellulose gauze, a fibrin tissue adhesive, a collagen sponge, or the gelatin sponge and observed that each implant induced different amounts of connective tissue and ulceration. It was also observed that inflammatory cells and the formation of giant cells occurred more often in the gelatin sponge than in the collagen sponge [7].
Conclusion

The chick CAM model allows a rapid, simple and low cost testing of biomaterials. The CAM model is a true in vivo system that can be used as an intermediate step between a cell culture and a more complex mammalian model. Further, our results shown that the HA ceramic scaffolds had satisfactory angiogenic properties as well as formation of the CAM villi. Therefore, the biocompatibility studies of this biomaterial is well and it should be continued.
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Швидкий розвиток ангіогенезу є вирішальним для тканинної інженерії і регенеративної медицини. Ангіогенная активність каркасів створених за допомогою тканинної інженерії досі була основним критерієм для вибору і проектування ідеального біологічного матеріалу. Для створення сучасних
моделей in vivo для тестування біоматеріалу потребує багато часу і це
трудомісткий процес. Це дослідження описує новий підхід для тестування біологічної активності гідроксиапатиту (ГА) керамічного біоматеріалу in ovo з використанням хоріоаллантоісной мембрани (CAM) ембріона курки, в якості альтернативи традиційним моделям ссавців. Наші результати свідчать про
те, що керамічні каркаси HA мали задовільні ангіогенні властивості, що
робить цю модель тварин особливо привабливою для швидкого скринінгу біоматеріалу in vivo.
Ангіогенез, альтернативна модель , біоматеріал, біосумісність, CAM, курячий ембріон, медицина, тканинна інженерія

Быстрое развитие ангиогенеза является решающим для тканевой инженерии и регенеративной медицины. Ангиогенная активность каркасов созданных при помощи тканевой инженерии до сих пор была основным критерием для выбора и проектирования идеального биологического
материала. Для создания современных моделей in vivo для тестирования
биоматериала требуется много времени и это трудоемкий процесс. Это исследование описывает новый подход для тестирования биологической активности гидроксиапатита (ГА) керамического биоматериала in ovo с
использованием хориоаллантоисной мембраны (CAM) развивающегося эмбриона курицы, в качестве альтернативы традиционным моделей
млекопитающих. Наши результаты свидетельствуют о том, что керамические каркасы HA имели удовлетворительные ангиогенные
свойства, что делает эту модель животных особенно привлекательной для
быстрого скрининга биоматериала in vivo.
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