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Abstract

The tumor microenvironment (TME) is composed of cancer, immune, and stromal cells 
that interact through cell-to-cell contact and a diverse milieu of cytokines, chemokines, 
�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�œ�ð�1�Š�—�•�1�™�›�˜�•�Ž�Š�œ�Ž�œ�ï�1���Ž�Ÿ�Ž�›�Š�•�1�›�Ž�™�˜�›�•�œ�1�‘�Š�Ÿ�Ž�1�•�’�—�”�Ž�•�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�œ�™�Ž�Œ�’���Œ�1�Œ�Ž�•�•�1
subtypes with tumor stages, prognosis, and patient survival. Understanding cancer cell 
behavior and their response to treatment within the tumor microenvironment is essen -
tial to prevent establishment, growth, and progression of tumors. Many synthetic and 
biological agents have been tested using cell-based assays, which do not provide reliable 
predictive capacity for drug candidate performance in vivo. In this chapter, we discuss 
�Š�‹�˜�ž�•�1 �•�‘�Ž�1 �‹�Ž�—�Ž���•�œ�1 �˜�•�1 �Š�—�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 �•�ž�–�˜�›�1 �–�˜�•�Ž�•�ð�1 �’�—�1 � �‘�’�Œ�‘�1 �•�ž�–�˜�›�1 �Œ�Ž�•�•�œ�1 �Š�›�Ž�1 �’�—�˜�Œ�ž�•�Š�•�Ž�•�1
inside an air pouch created on the back of the mouse. The air pouch cancer model serves 
�Š�œ�1 �Š�1 �Œ�˜�—���—�Ž�•�&�•�˜�Œ�Š�•�’�£�Ž�•�1 �•�ž�–�˜�›�1 �–�’�Œ�›�˜�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�ð�1 � �‘�Ž�›�Ž�1 �•�’�›�Ž�Œ�•�1 �Œ�˜�—�•�Š�Œ�•�1 �˜�•�1 �•�›�ž�•�1 �Œ�Š�—�•�’-
dates and tumor cells is guaranteed in a tumor microenvironment context. Therefore, the 
�Ž���Œ�Š�Œ�¢�1�˜�•�1�•�‘�Ž�1�•�‘�Ž�›�Š�™�Ž�ž�•�’�Œ�1�Š�•�Ž�—�•�1�Œ�Š�—�1�‹�Ž�1�Š�Œ�Œ�ž�›�Š�•�Ž�•�¢�1�Š�œ�œ�Ž�œ�œ�Ž�•�1�’�—�1�Ÿ�’�Ÿ�˜�ï
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1. Introduction

���Š�—�Œ�Ž�›�1�›�Ž�œ�Ž�Š�›�Œ�‘�1�›�Ž�š�ž�’�›�Ž�œ�1�Š�1�œ�’�•�—�’���Œ�Š�—�•�1�Š�–�˜�ž�—�•�1�˜�•�1�’�—�1�Ÿ�’�•�›�˜�1�Š�—�•�1�’�—�1�Ÿ�’�Ÿ�˜�1�™�›�Ž�Œ�•�’�—�’�Œ�Š�•�1�œ�•�ž�•�’�Ž�œ�ï�1���—�1
�Ÿ�’�•�›�˜�1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�1�•�’�—�Ž�1�Œ�ž�•�•�ž�›�Ž�œ�1�Š�›�Ž�1�›�˜�ž�•�’�—�Ž�•�¢�1�ž�œ�Ž�•�1�Š�œ�1�•�‘�Ž�1���›�œ�•�1�œ�•�Ž�™�1�•�˜�›�1�Ž�Ÿ�Š�•�ž�Š�•�’�—�•�1�™�˜�•�Ž�—�•�’�Š�•�1�Ž��-
�Œ�Š�Œ�¢�1�•�˜�›�1�Œ�Š�—�Œ�Ž�›�1�•�›�ž�•�œ�1�Š�—�•�1�•�‘�Ž�›�Ž�•�˜�›�Ž�1�•�Ž�•�Ž�›�–�’�—�Ž�1�•�‘�Ž�1���œ�•�˜�™�&�•�˜���1�•�Ž�Œ�’�œ�’�˜�—�1�•�˜�›�1�•�›�ž�•�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�ð�1

�i�������������7�K�H���$�X�W�K�R�U���V�������/�L�F�H�Q�V�H�H���,�Q�W�H�F�K�2�S�H�Q�����7�K�L�V���F�K�D�S�W�H�U���L�V���G�L�V�W�U�L�E�X�W�H�G���X�Q�G�H�U���W�K�H���W�H�U�P�V���R�I���W�K�H���&�U�H�D�W�L�Y�H

�&�R�P�P�R�Q�V���$�W�W�U�L�E�X�W�L�R�Q���/�L�F�H�Q�V�H�����K�W�W�S�������F�U�H�D�W�L�Y�H�F�R�P�P�R�Q�V���R�U�J���O�L�F�H�Q�V�H�V���E�\���������������Z�K�L�F�K���S�H�U�P�L�W�V���X�Q�U�H�V�W�U�L�F�W�H�G���X�V�H��

�G�L�V�W�U�L�E�X�W�L�R�Q�����D�Q�G���U�H�S�U�R�G�X�F�W�L�R�Q���L�Q���D�Q�\���P�H�G�L�X�P�����S�U�R�Y�L�G�H�G���W�K�H���R�U�L�J�L�Q�D�O���Z�R�U�N���L�V���S�U�R�S�H�U�O�\���F�L�W�H�G��



�•�˜�•�•�˜� �Ž�•�1�‹�¢�1�Š�—�’�–�Š�•�1�Š�—�•�1���—�Š�•�•�¢�1�‘�ž�–�Š�—�1�•�›�’�Š�•�œ�1�ý1]. However, only about 5% of anticancer drugs 
���—�Š�•�•�¢�1�•�Ž�•�1�Š�™�™�›�˜�Ÿ�Ž�•�1�•�˜�›�1�Œ�•�’�—�’�Œ�Š�•�1�ž�œ�Ž�1�•�ž�Ž�1�•�˜�1�•�Š�Œ�”�1�˜�•�1�Œ�•�’�—�’�Œ�Š�•�1�Ž���Œ�Š�Œ�¢�1�˜�›�1�’�—�•�˜�•�Ž�›�Š�‹�•�Ž�1�•�˜�¡�’�Œ�’�•�¢�1�ý1, 2].

In vitro approach contribution for biotechnological development is undeniable; however, cell 
lines are maintained in nonphysiological conditions that do not resemble body temperature, 
electrolyte concentration, extracellular matrix contact, cell density, and heterogeneity. Culture 
conditions also implicate sudden changes such as media exchange and nutrient depletion. 
Furthermore, rapid cell growth is desirable and induced, driving cell subpopulations not to 
�•�’���Ž�›�Ž�—�•�’�Š�•�Ž�ï�1���•�•�1�˜�•�1�•�‘�Ž�œ�Ž�1�•�Š�Œ�•�˜�›�œ�1�Š�•�•�Ž�›�1�Œ�Ž�•�•�1�œ�’�•�—�Š�•�’�—�•�1�Š�—�•�1�•�Š�Ÿ�˜�›�1�œ�™�Ž�Œ�’���Œ�1�œ�ž�‹�™�˜�™�ž�•�Š�•�’�˜�—�œ�1�˜�•�1�Œ�Ž�•�•�œ�1
�•�‘�Š�•�1�Š�•�Š�™�•�1�•�˜�1�•�‘�Ž�œ�Ž�1�Š�›�•�’���Œ�’�Š�•�1�Œ�˜�—�•�’�•�’�˜�—�œ�1�Š�—�•�1�•�˜�˜�œ�Ž�1�œ�˜�–�Ž�1�˜�•�1�•�‘�Ž�’�›�1�˜�›�’�•�’�—�Š�•�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�œ�1�ý3].

���˜�1�˜�™�•�’�–�’�£�Ž�1�Œ�Š�—�Œ�Ž�›�1�•�›�ž�•�1�œ�Œ�›�Ž�Ž�—�’�—�•�ð�1�’�•�1�’�œ�1�—�Ž�Œ�Ž�œ�œ�Š�›�¢�1�•�˜�1�’�—�Œ�•�ž�•�Ž�1�•�‘�Ž�1�‹�’�˜�•�˜�•�’�Œ�Š�•�1�Š�—�•�1�•�Ž�—�Ž�•�’�Œ�1�Œ�˜�–�™�˜-
�—�Ž�—�•�œ�1�•�‘�Š�•�1�’�—���ž�Ž�—�Œ�Ž�1�Œ�Š�—�Œ�Ž�›�1�•�›�Ž�Š�•�–�Ž�—�•�1�˜�ž�•�Œ�˜�–�Ž�ï�1���‘�Ž�›�Ž�•�˜�›�Ž�ð�1�•�˜�1�œ�•�ž�•�¢�1�•�‘�Ž�1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�1�’�—�1�Ÿ�’�Ÿ�˜�ð�1�’�•�1�’�œ�1
essential to understand how to prevent the establishment, growth, progression, and metastasis 
�˜�•�1�Œ�Š�—�Œ�Ž�›�œ�1�Š�—�•�1�‘�˜� �1�•�˜�1�–�˜�•�ž�•�Š�•�Ž�1�•�‘�Ž�1�•�ž�–�˜�›�1�–�’�Œ�›�˜�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�1�û�������ü�1�•�˜�›�1�•�‘�Ž�›�Š�™�Ž�ž�•�’�Œ�1�•�Š�’�—�1�ý4].

���˜�ž�œ�Ž�1�–�˜�•�Ž�•�œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�ž�œ�Ž�•�1�•�˜�1�Š�œ�œ�Ž�œ�œ�1�•�˜�¡�’�Œ�˜�•�˜�•�¢�1�Š�—�•�1�Ž���Œ�Š�Œ�¢�1�˜�•�1�Š�—�•�’�Œ�Š�—�Œ�Ž�›�1�•�›�ž�•�œ�ð�1�Š�œ�1� �Ž�•�•�1
as for the study of tumor induction (establishment), progression, and metastasis; these tradi-
tional mouse models have been successfully used to identify cytotoxic drugs that are still the 
�–�Š�’�—�1�Š�—�•�’�Œ�Š�—�Œ�Ž�›�1�•�›�Ž�Š�•�–�Ž�—�•�1�’�—�1�•�‘�Ž�›�Š�™�¢�1�•�˜�•�Š�¢�1�ý4, 5].

���—�1�•�‘�’�œ�1�Œ�‘�Š�™�•�Ž�›�ð�1� �Ž�1�•�’�œ�Œ�ž�œ�œ�1�Š�‹�˜�ž�•�1�•�‘�Ž�1�‹�Ž�—�Ž���•�œ�1�˜�•�1�Š�1�•�ž�–�˜�›�1�–�˜�•�Ž�•�1�’�—�1� �‘�’�Œ�‘�1�•�ž�–�˜�›�œ�1�Œ�Š�—�1�•�›�˜� �1
inside an air pouch created in the dorsal part of the mouse (Figure 1). The air pouch cancer 
model serves as the local microenvironment, which can be modulated to study establishment, 
�™�›�˜�•�›�Ž�œ�œ�’�˜�—�ð�1�Š�—�•�1�–�Ž�•�Š�œ�•�Š�œ�’�œ�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�•�‘�Ž�1�Ž���Œ�Š�Œ�¢�1�˜�•�1�•�‘�Ž�›�Š�™�Ž�ž�•�’�Œ�1�Š�•�Ž�—�•�œ�ï

Figure 1. Mouse air pouch model for the study of cancer scheme. The general methodology to induce the air pouch 
�–�˜�•�Ž�•�1�•�˜�›�1�•�‘�Ž�1�œ�•�ž�•�¢�1�˜�•�1�Œ�Š�—�Œ�Ž�›�1�Š�—�•�1�’�•�œ�1�Š�•�Ÿ�Š�—�•�Š�•�Ž�œ�1�’�œ�1�•�Ž�™�’�Œ�•�Ž�•�ï�1���›�’�Ž���¢�ð�1�[�1�–�’�•�•�’�•�’�•�Ž�›�œ�1�˜�•�1�œ�•�Ž�›�’�•�Ž�1�Š�’�›�1�’�œ�1�’�—�“�Ž�Œ�•�Ž�•�1�’�—�•�˜�1�•�‘�Ž�1�œ�‘�Š�Ÿ�Ž�•�1
�‹�Š�Œ�”�1�˜�•�1�Š�1�–�˜�ž�œ�Ž�ò�1�Š�•�•�Ž�›�1�Y�1�•�Š�¢�œ�1�•�‘�Ž�1�™�˜�ž�Œ�‘�1�’�œ�1�›�Ž�’�—���Š�•�Ž�•�1� �’�•�‘�1�[�1�–�’�•�•�’�•�’�•�Ž�›�œ�1�˜�•�1�œ�•�Ž�›�’�•�Ž�1�Š�’�›�ï�1���•�•�Ž�›�1�Y�1�•�Š�¢�œ�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�1�Š�›�Ž�1�’�—�˜�Œ�ž�•�Š�•�Ž�•�1
and allowed to grow prior to drug administration.
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2. Model review

1953: The air pouch model was described by Selye for the study of the mechanism of action 
of hydrocortisone. Selye termed his model the granuloma pouch model and described it as 
�Š�1 ���™�›�˜�Œ�Ž�•�ž�›�Ž�1 �•�Ž�œ�’�•�—�Ž�•�1 �•�˜�1 �™�Ž�›�–�’�•�1 �•�‘�Ž�1 �˜�‹�“�Ž�Œ�•�’�Ÿ�Ž�ð�1 �š�ž�Š�—�•�’�•�Š�•�’�Ÿ�Ž�1 �Š�—�Š�•�¢�œ�’�œ�1 �˜�•�1 �•�Š�Œ�•�˜�›�œ�1 �›�Ž�•�ž�•�Š�•�’�—�•�1
�’�—���Š�–�–�Š�•�’�˜�—�1�Š�—�•�1� �˜�ž�—�•�,�‘�Ž�Š�•�’�—�•���1�ý6].

�W�_�[�Z�ñ�1�
�•�Ž�’�—�•�Ž�•�•�1�Š�—�•�1�
�Š�‹�’�•�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1�•�‘�Ž�1�Š�—�•�’�,�’�—���Š�–�–�Š�•�˜�›�¢�1�Ž���Ž�Œ�•�1�˜�•�1�•�›�¢�™�œ�’�—�1�Š�—�•�1�Œ�‘�¢�–�˜�•�›�¢�™�œ�’�—�1
�’�—�œ�’�•�Ž�1�Š�1�•�›�Š�—�ž�•�˜�–�Š�1�™�˜�ž�Œ�‘�ï�1���Œ�Œ�˜�›�•�’�—�•�1�•�˜�1�•�‘�Ž�1�Š�ž�•�‘�˜�›�œ�ð�1�•�‘�’�œ�1�–�Ž�•�‘�˜�•�1�™�›�˜�Ÿ�’�•�Ž�œ�1�Š�1�œ�•�Š�—�•�Š�›�•�’�£�Ž�•�1
�Š�—�•�1 �›�Ž�™�›�˜�•�ž�Œ�’�‹�•�Ž�1 �’�—���Š�–�–�Š�•�˜�›�¢�1 �•�Ž�œ�’�˜�—�ï�1 ���‘�Ž�¢�1 �Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1 �•�‘�Ž�1 �Ÿ�˜�•�ž�–�Ž�1 �˜�•�1 �•�‘�Ž�1 �Ž�¡�ž�•�Š�•�Ž�1 �Š�—�•�1 �•�‘�Ž�1
weight of the pouches. The authors concluded that parenteral administration of trypsin and 
�Œ�‘�¢�–�˜�•�›�¢�™�œ�’�—�1�•�˜�Ž�œ�1�—�˜�•�1�Š���Ž�Œ�•�1�•�‘�Ž�1�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�•�›�Š�—�ž�•�Š�•�’�˜�—�1�•�’�œ�œ�ž�Ž�1�’�—�1�Š�1�Œ�‘�›�˜�—�’�Œ�1�œ�•�Ž�›�’�•�Ž�1�’�—���Š�–-
�–�Š�•�’�˜�—�1�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�1�ý7].
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�Ž� �’�4�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�•�‘�Š�•�1�•�‘�Ž�1�—�ž�–�‹�Ž�›�1�˜�•�1�Ÿ�’�Š�‹�•�Ž�1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�œ�1�—�Ž�Ž�•�Ž�•�1�•�˜�1�’�—�•�ž�Œ�Ž�1�•�ž�–�˜�›�œ�1�’�—�1�‘�Š�•�•�1
of an experimental group of adult mice was 1641 and in newborn mice was 10. He hypoth-
�Ž�œ�’�£�Ž�•�1�•�‘�Š�•�1�•�ž�–�˜�›�’�•�Ž�—�Ž�œ�’�œ�1�Œ�˜�ž�•�•�1�‹�Ž�1�Š���Ž�Œ�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�•�’�œ�™�Ž�›�œ�’�˜�—�1�˜�•�1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�œ�1�Š�—�•�1�‹�¢�1�•�‘�Ž�1�Ÿ�Š�œ-
�Œ�ž�•�Š�›�’�•�¢�1�˜�•�1�•�‘�Ž�1�’�—�“�Ž�Œ�•�’�˜�—�1�œ�’�•�Ž�ï�1���˜�1�•�Ž�œ�•�1�•�‘�’�œ�1�‘�¢�™�˜�•�‘�Ž�œ�’�œ�ð�1�‘�Ž�1�’�—�“�Ž�Œ�•�Ž�•�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�1�’�—�•�˜�1�œ�ž�‹�Œ�ž�•�Š�—�Ž�˜�ž�œ�1
�•�’�œ�œ�ž�Ž�1�Š�—�•�1�’�—�•�˜�1�Š�—�1�Š�’�›�1�™�˜�ž�Œ�‘�ð�1�Š�—�•�1�•�˜�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�1�•�‘�Ž�1�Ÿ�Š�œ�Œ�ž�•�Š�›�’�•�¢�1�Ž���Ž�Œ�•�ð�1�‘�Ž�1�’�—�•�ž�Œ�Ž�•�1�‘�¢�™�Ž�›�Ž�–�’�Š�1�’�—�1
�Š�’�›�1�™�˜�ž�Œ�‘�Ž�œ�1� �’�•�‘�1�Š�1�•�˜�›�–�’�Œ�1�Š�Œ�’�•�1�œ�˜�•�ž�•�’�˜�—�ï�1�
�Ž� �’�4�1�Œ�˜�—�Œ�•�ž�•�Ž�•�1�•�‘�Š�•�1�—�Ž�’�•�‘�Ž�›�1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�1�•�’�œ�™�Ž�›�œ�’�˜�—�1
�—�˜�›�1�Ÿ�Š�œ�Œ�ž�•�Š�›�’�•�¢�1�Š���Ž�Œ�•�Ž�•�1�•�‘�Ž�1�Œ�Š�™�Š�Œ�’�•�¢�1�˜�•�1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�œ�1�•�˜�1�’�—�•�ž�Œ�Ž�1�Š�1�•�ž�–�˜�›�ï�1�
�Ž�1�Š�•�œ�˜�1�œ�ž�•�•�Ž�œ�•�Ž�•�1�•�‘�Ž�1
�ž�œ�Ž�1�˜�•�1�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�•�Ž�Œ�‘�—�’�š�ž�Ž�1�•�˜�›�1�•�ž�›�•�‘�Ž�›�1�•�ž�–�˜�›�1�•�›�Š�—�œ�™�•�Š�—�•�Š�•�’�˜�—�1�œ�•�ž�•�’�Ž�œ�1�ý8].

�W�_�[�]�ñ�1���Ž�•�¢�Ž�1� �›�˜�•�Ž�1�Š�—�˜�•�‘�Ž�›�1�Š�›�•�’�Œ�•�Ž�1�•�‘�’�œ�1�•�’�–�Ž�1�Š�•�•�›�Ž�œ�œ�’�—�•�1�•�‘�Ž�1�š�ž�Ž�œ�•�’�˜�—�ñ�1�’�œ�1�’�—���Š�–�–�Š�•�’�˜�—�1�•�˜�˜�•�1�˜�›�1
bad for cancer development? He induced two air pouches on the back of the same animal, 
�Š�•�–�’�—�’�œ�•�Ž�›�Ž�•�1�Œ�›�˜�•�˜�—�1�˜�’�•�1�’�—�•�˜�1�˜�—�Ž�1�˜�•�1�•�‘�Ž�1�™�˜�ž�Œ�‘�Ž�œ�1�•�˜�1�Ž�œ�•�Š�‹�•�’�œ�‘�1�Š�—�1�’�—���Š�–�–�Š�•�˜�›�¢�1�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�ð�1
inoculated cancer cells into both pouches, and evaluated which tumor developed faster. The 
�›�Ž�œ�ž�•�•�œ�1�œ�‘�˜� �Ž�•�1�•�‘�Š�•�1�’�—���Š�–�–�Š�•�’�˜�—�1�Œ�Š�—�1�™�›�˜�–�˜�•�Ž�1�•�ž�–�˜�›�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�ý9].

�W�_�[�]�ñ�1���1�œ�Œ�’�Ž�—�•�’���Œ�1�›�Ž�™�˜�›�•�1�œ�•�Š�•�Ž�•�1�•�‘�Š�•�1�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�™�›�Ž�œ�Ž�—�•�Ž�•�1�œ�Ž�Ÿ�Ž�›�Š�•�1�Š�•�Ÿ�Š�—�•�Š�•�Ž�œ�1�˜�Ÿ�Ž�›�1
�˜�•�‘�Ž�›�1�–�Ž�•�‘�˜�•�œ�1�•�˜�›�1�•�‘�Ž�1�œ�•�ž�•�¢�1�˜�•�1�’�—���Š�–�–�Š�•�’�˜�—�ï�1���Œ�Œ�˜�›�•�’�—�•�1�•�˜�1���˜�‹�Ž�›�•�1�Š�—�•�1���Ž�£�Š�–�’�œ�ð�1�•�‘�Ž�1�•�›�Š�—�ž-
�•�˜�–�Š�1�™�˜�ž�Œ�‘�1�•�Ž�Œ�‘�—�’�š�ž�Ž�1�’�œ�1�œ�’�–�™�•�Ž�1�Š�—�•�1�¢�’�Ž�•�•�œ�1�ž�—�’�•�˜�›�–�1�›�Ž�œ�ž�•�•�œ�ð�1�Š�—�•�1�’�•�1�’�œ�1�š�ž�Š�—�•�’���Š�‹�•�Ž�1�‹�Ž�Œ�Š�ž�œ�Ž�1�•�‘�Ž�1
�•�Ž�•�›�Ž�Ž�1�˜�•�1�’�—���Š�–�–�Š�•�’�˜�—�1�’�œ�1�›�Ž�™�˜�›�•�Ž�•�1�’�—�1�•�›�Š�–�œ�1�˜�•�1�•�‘�Ž�1�•�’�œ�œ�ž�Ž�ð�1�•�‘�’�Œ�”�—�Ž�œ�œ�1�˜�•�1�•�‘�Ž�1�™�˜�ž�Œ�‘�1�–�Ž�–�‹�›�Š�—�Ž�ð�1
or volume of exudate. There is no systemic response, and furthermore they recommend this 
technique as a screening test for unknown compounds because minimal amounts of sub-
�œ�•�Š�—�Œ�Ž�1�Œ�Š�—�1�‹�Ž�1�•�Ž�œ�•�Ž�•�1� �’�•�‘�1�‘�’�•�‘�1�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�1�’�—�1�Š�1�œ�‘�˜�›�•�1�™�Ž�›�’�˜�•�1�˜�•�1�•�’�–�Ž�1�ý10].

1957: Based on the observation that two concomitant tumors in the same animal inhibited 
�˜�›�1�™�›�˜�–�˜�•�Ž�•�1�•�‘�Ž�’�›�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�ð�1�
�Š�—�œ�1���’�Œ�‘�Ž�›�1�’�—�˜�Œ�ž�•�Š�•�Ž�•�1�—�˜�—�Ÿ�’�Š�‹�•�Ž�1�œ�Š�›�Œ�˜�–�Š�1�Œ�Ž�•�•�œ�1�Š�—�•�1�Ÿ�’�Š�‹�•�Ž�1
Walker tumor cells into a mouse air pouch, to determine if the growth inhibition between 
tumors was due to nutrient competition. The air pouch model was used in this study because, 
�Š�Œ�Œ�˜�›�•�’�—�•�1 �•�˜�1 �•�‘�Ž�1 �Š�ž�•�‘�˜�›�ð�1 �’�•�1 �’�œ�1 �Š�—�1 �’�•�Ž�Š�•�1 �–�Ž�•�‘�˜�•�1 �•�˜�1 �•�Ž�œ�•�1 �Š�1 �•�˜�Œ�Š�•�’�£�Ž�•�1 �Ž���Ž�Œ�•�ï�1 �
�Ž�1 �Œ�˜�—�Œ�•�ž�•�Ž�•�1 �•�‘�Š�•�1
�—�˜�—�Ÿ�’�Š�‹�•�Ž�1�œ�Š�›�Œ�˜�–�Š�1�Œ�Ž�•�•�œ�1�•�Ž�•�Š�¢�Ž�•�1�•�ž�–�˜�›�1�•�›�˜� �•�‘�1 � �‘�Ž�—�1�’�—�“�Ž�Œ�•�Ž�•�1�™�›�Ž�Ÿ�’�˜�ž�œ�•�¢�1�˜�›�1�Œ�˜�—�Œ�˜�–�’�•�Š�—�•�•�¢�1
� �’�•�‘�1�•�‘�Ž�1�Ÿ�’�Š�‹�•�Ž�1���Š�•�”�Ž�›�1�•�ž�–�˜�›�1�ý11].
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1958: It was known that cortisol retarded the growth of Walker tumor in rats; to determine 
�’�•�1�•�‘�Ž�1�Ž���Ž�Œ�•�1� �Š�œ�1�•�ž�Ž�1�•�˜�1�Š�1�•�˜�Œ�Š�•�1�˜�›�1�œ�¢�œ�•�Ž�–�’�Œ�1�Š�Œ�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�‘�˜�›�–�˜�—�Ž, Selye used his air pouch 
�•�Ž�Œ�‘�—�’�š�ž�Ž�ï�1���Œ�Œ�˜�›�•�’�—�•�1 �•�˜�1 �‘�’�–�ð�1 �•�‘�Ž�1 ���•�›�Š�—�ž�•�˜�–�Š�1�™�˜�ž�Œ�‘�1 �•�Ž�Œ�‘�—�’�š�ž�Ž�1 �•�˜�›�Œ�Ž�œ�1�•�‘�Ž�1 �–�Š�•�’�•�—�Š�—�•�1 �•�’�œ�œ�ž�Ž�1
to grow in the form of a thin lining on the wall of a regularly shaped ellipsoid cavity to 
� �‘�’�Œ�‘�1 �Š�Œ�Œ�ž�›�Š�•�Ž�•�¢�1 �–�Ž�Š�œ�ž�›�Ž�•�1 �Š�–�˜�ž�—�•�œ�1 �˜�•�1 �‘�˜�›�–�˜�—�Ž�œ�1 �Œ�Š�—�1 �‹�Ž�1 �Š�™�™�•�’�Ž�•�ï���1 ���Ž�•�¢�Ž�1 �Œ�˜�—�Œ�•�ž�•�Ž�•�1 �•�‘�Š�•�1
tumor growth inhibition was considerably more pronounced when cortisol was administered 
inside the air pouch containing the tumor as compared to administration subcutaneously in 
another location. In the same article, the author suggests that the hormones probably do not 
�Š�Œ�•�1�•�’�›�Ž�Œ�•�•�¢�1�ž�™�˜�—�1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�œ�ð�1�‹�ž�•�1�›�Š�•�‘�Ž�›�1�–�˜�•�’�•�¢�1�•�‘�Ž�1�œ�•�›�˜�–�Š�1�Š�—�•�1�•�‘�Ž�1�Ÿ�Š�œ�Œ�ž�•�Š�›�’�£�Š�•�’�˜�—�1�ý12].

�W�_�[�^�ñ�1���—�˜�•�‘�Ž�›�1�Š�•�Š�™�•�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1� �Š�œ�1�ž�œ�Ž�•�1�‹�¢�1���‘�’�™�1�Ž�•�1�Š�•�ï�1�•�˜�1�•�Ž�•�Ž�›�–�’�—�Ž�1� �‘�Ž�•�‘�Ž�›�1
administration of local cytotoxic agents could prevent tumor recurrence after surgical inter -
�Ÿ�Ž�—�•�’�˜�—�œ�ï�1���˜�›�1�Š�1�‹�Ž�4�Ž�›�1�›�Ž�Œ�›�Ž�Š�•�’�˜�—�1�˜�•�1�Š�1�œ�ž�›�•�’�Œ�Š�•�1� �˜�ž�—�•�1�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�ð�1���‘�’�™�1�›�Ž�–�˜�Ÿ�Ž�•�1�•�‘�Ž�1�Š�’�›�1�˜�ž�•�1
�˜�•�1�•�‘�Ž�1�™�˜�ž�Œ�‘�Ž�œ�1�Š�•�•�Ž�›�1�•�ž�–�˜�›�1�’�—�˜�Œ�ž�•�Š�•�’�˜�—�ï�1�
�Ž�1�•�Ž�›�–�Ž�•�1�‘�’�œ�1�–�˜�•�’���Ž�•�1�–�˜�•�Ž�•�1���•�‘�Ž�1�Š�’�›�1�‹�ž�‹�‹�•�Ž�1�•�Ž�Œ�‘-
�—�’�š�ž�Ž���1 �Š�—�•�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�•�1�•�‘�Ž�1�Ž���Ž�Œ�•�’�Ÿ�Ž�—�Ž�œ�œ�1�˜�•�1 �•�˜�›�–�Š�•�•�Ž�‘�¢�•�Ž�1�Š�•�Š�’�—�œ�•�1�•�ž�–�˜�›�1 �Œ�Ž�•�•�œ�1�’�–�™�•�Š�—�•�Ž�•�1
�’�—�1�Ÿ�’�Ÿ�˜�1�ý13].

1958: The granuloma pouch was used to study the role of histamine as a mediator of acute 
�’�—���Š�–�–�Š�•�’�˜�—�ï�1���‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1� �Š�œ�1�Ž�–�™�•�˜�¢�Ž�•�1�‹�Ž�Œ�Š�ž�œ�Ž�ð�1�Š�Œ�Œ�˜�›�•�’�—�•�1�•�˜�1�™�›�Ž�Ÿ�’�˜�ž�œ�1�›�Ž�™�˜�›�•�œ�ð�1�Œ�›�˜-
ton oil used to form the granuloma pouch disrupted mast cells, therefore releasing histamine. 
���‘�Ž�1 �‘�’�œ�•�˜�•�˜�•�’�Œ�Š�•�1 �Œ�‘�Š�—�•�Ž�œ�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1 � �’�•�‘�1 �’�—���Š�–�–�Š�•�’�˜�—�1� �Ž�›�Ž�1�—�˜�•�1 �˜�‹�œ�Ž�›�Ÿ�Ž�•�1 � �‘�Ž�—�1�‘�’�œ�•�Š�–�’�—�Ž�1
� �Š�œ�1�•�Ž�™�•�Ž�•�Ž�•�ï�1���‘�Ž�1�Š�ž�•�‘�˜�›�1�Œ�˜�—�Œ�•�ž�•�Ž�œ�1�•�‘�Š�•�1�‘�’�œ�•�Š�–�’�—�Ž�1�’�œ�1�Œ�•�˜�œ�Ž�•�¢�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�Ž�Š�›�•�¢�1�’�—���Š�–�–�Š�•�˜�›�¢�1
�›�Ž�Š�Œ�•�’�˜�—�œ�1�ý14].

�W�_�\�W�ñ�1���‘�˜�›�Š�Œ�’�Œ�1�•�ž�Œ�•�1�•�¢�–�™�‘�1�Œ�Ž�•�•�œ�1�•�›�˜�–�1�•�˜�—�˜�›�1�›�Š�•�œ�1� �Ž�›�Ž�1�’�—�“�Ž�Œ�•�Ž�•�1�’�—�•�˜�1�Š�—�1�Š�’�›�1�™�˜�ž�Œ�‘�1�˜�•�1�Š�1�›�Ž�Œ�Ž�™-
tor rat, for cytological and histological studies of the lymphocyte. The inoculation of tho -
�›�Š�Œ�’�Œ�1�•�¢�–�™�‘�1�•�ž�Œ�•�1�Œ�Ž�•�•�œ�1�’�—�•�˜�1�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�Š�•�œ�˜�1�Š�•�•�˜� �œ�1�œ�’�–�ž�•�•�Š�—�Ž�˜�ž�œ�1�’�—�“�Ž�Œ�•�’�˜�—�1�˜�•�1�Š�—�•�’�•�Ž�—�ð�1�•�Š�4�¢�1
substances, and other materials to stimulate development of plasma cells and macrophages, 
among others, and either donor or pouch animal can be pretreated to alter the lymph cells or 
�•�‘�Ž�’�›�1�•�’�œ�œ�ž�Ž�1�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�1�ý15].

1967: Chang, Gibley, and Ichinoe used the air pouch to study the histological features of early 
passages of a chemically induced hepatocarcinoma. The authors stated that the air pouch 
method provides easy access to the tumor for faster processing of the tissue for histochemical, 
�ž�•�•�›�Š�œ�•�›�ž�Œ�•�ž�›�Š�•�ð�1�˜�›�1�‹�’�˜�Œ�‘�Ž�–�’�Œ�Š�•�1�œ�•�ž�•�’�Ž�œ�1�ý16].
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�˜�’�•�1 �’�—�“�Ž�Œ�•�’�˜�—�ü�1 �’�—�1 �›�Š�•�œ�1 � �Š�œ�1�ž�œ�Ž�•�1 �Š�œ�1�•�‘�Ž�1 �’�—���Š�–�–�Š�•�’�˜�—�1�–�˜�•�Ž�•�ï�1 ���‘�Ž�1 �•�‘�’�Œ�”�—�Ž�œ�œ�1�˜�•�1 �•�‘�Ž�1 �•�›�Š�—�ž�•�˜�–�Š�1
�™�˜�ž�Œ�‘�1� �Š�œ�1�•�‘�Ž�1�™�Š�›�Š�–�Ž�•�Ž�›�1�ž�œ�Ž�•�1�•�˜�1�–�Ž�Š�œ�ž�›�Ž�1�’�—���Š�–�–�Š�•�’�˜�—�ï�1���•�1� �Š�œ�1�Œ�˜�—�Œ�•�ž�•�Ž�•�1�’�—�1�•�‘�’�œ�1�œ�•�ž�•�¢�1�•�‘�Š�•�1
progestogen, estrogen, and chorionic gonadotropin act as antiphlogistic substances on acute 
�’�—���Š�–�–�Š�•�’�˜�—�1�ý17].

�W�_�\�^�ñ�1���›�Œ�‘�’�•�Ž�Œ�•�˜�–�’�£�Ž�•�1�Š�•�ž�•�•�1�–�Š�•�Ž�1�›�Š�•�œ�1�›�Ž�Œ�Ž�’�Ÿ�Ž�•�1�Š�1�œ�ž�‹�Œ�ž�•�Š�—�Ž�˜�ž�œ�1�•�›�Š�—�œ�™�•�Š�—�•�1�˜�•�1�˜�Ÿ�Š�›�’�Š�—�1�•�›�Š�•�•�œ�ï�1
���‘�Ž�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�1�•�Ž�•�Ž�›�–�’�—�Ž�•�1�•�‘�Š�•�1�•�Š�’�•�¢�1�’�—�“�Ž�Œ�•�’�˜�—�œ�1�˜�•�1�™�›�˜�•�Ž�œ�•�Ž�›�˜�—�Ž�1�û�V�ï�W�1�–�’�•�•�’�•�›�Š�–�œ�ü�1�Š�—�•�1�Œ�˜�—�•�’�—-
uous mild stress (air pouch with croton oil) or higher doses of progesterone (0.25 milligrams) 
�’�—�•�ž�Œ�Ž�1�•�ž�•�Ž�’�—�’�£�Š�•�’�˜�—�1�ý18].
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�W�_�\�^�ñ�1���—�˜�•�‘�Ž�›�1�Š�•�Š�™�•�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1� �Š�œ�1�Ž�–�™�•�˜�¢�Ž�•�1�‹�¢�1���˜�•�˜�1�Ž�•�1�Š�•�ï�1�•�˜�1�•�Ž�•�Ž�›�–�’�—�Ž�1
�’�•�1�Š�›�•�’���Œ�’�Š�•�•�¢�1�™�›�˜�•�ž�Œ�Ž�•�1�Œ�Ž�•�•�1�Œ�ž�•�•�ž�›�Ž�1�–�Ž�•�’�Š�1�Œ�˜�ž�•�•�1�’�—�•�ž�Œ�Ž�1�Œ�Ž�•�•�1�™�›�˜�•�’�•�Ž�›�Š�•�’�˜�—�1�’�—�1�Ÿ�’�Ÿ�˜�ï�1���‘�’�œ�1�•�›�˜�ž�™�1
administered tritiated thymidine into the mouse to evaluate the proliferation rate. Their results 
�œ�ž�•�•�Ž�œ�•�1�•�‘�Š�•�1���W�_�_�1�•�’�œ�œ�ž�Ž�1�Œ�ž�•�•�ž�›�Ž�1�–�Ž�•�’�ž�–�1�œ�ž�™�™�˜�›�•�œ�1�Š�—�•�1�™�›�˜�–�˜�•�Ž�œ�1�Œ�Ž�•�•�1�•�›�˜� �•�‘�1�’�—�1�Ÿ�’�Ÿ�˜�1�ý19].

1969: The air pouch model was used to examine the role of polymorphonuclear leukocytes 
�’�—�1�•�’�œ�œ�ž�Ž�1 �›�Ž�™�Š�’�›�ï�1 ���›�’�Ž���¢�ð�1 �Š�—�1�Š�’�›�1 �™�˜�ž�Œ�‘�1 � �Š�œ�1�•�˜�›�–�Ž�•�1 �’�—�1�•�‘�Ž�1 �‹�Š�Œ�”�1 �˜�•�1 �–�’�Œ�Ž�ð�1 �Š�—�•�1 �•�ž�›�™�Ž�—�•�’�—�Ž�1 � �Š�œ�1
�’�—�“�Ž�Œ�•�Ž�•�1 �•�˜�1 �Œ�Š�ž�œ�Ž�1 �Š�Œ�ž�•�Ž�1 �’�—���Š�–�–�Š�•�’�˜�—�ï�1 ���˜�•�¢�–�˜�›�™�‘�˜�—�ž�Œ�•�Ž�Š�›�1 �•�Ž�ž�”�˜�Œ�¢�•�Ž�œ�1 � �Ž�›�Ž�1 �Ž�¡�•�›�Š�Œ�•�Ž�•�1 �•�›�˜�–�1
this air pouch, labeled with tritiated thymidine, and inoculated into the pouch of a recipient 
mouse. Leukocyte cytolysis was detected and the tritiated thymidine was incorporated by 
�������1�œ�¢�—�•�‘�Ž�•�’�£�’�—�•�1���‹�›�˜�‹�•�Š�œ�•�œ�ï The authors concluded that the neutrophil degradation prod -
�ž�Œ�•�œ�1�Š�›�Ž�1�ž�œ�Ž�•�1�‹�¢�1���‹�›�˜�‹�•�Š�œ�•�1�•�˜�1�™�›�˜�•�’�•�Ž�›�Š�•�Ž�1�Š�—�•�1�›�Ž�™�Š�’�›�1�•�Š�–�Š�•�Ž�•�1�•�’�œ�œ�ž�Ž�1�ý20].

1969: Willis used the air pouch model to obtain large volumes of exudate to extract and quan-
�•�’�•�¢�1�™�›�˜�œ�•�Š�•�•�Š�—�•�’�—�œ�1�•�˜�›�1�•�ž�›�•�‘�Ž�›�1�Š�œ�œ�Š�¢�œ�ï�1�
�Ž�1�œ�ž�•�•�Ž�œ�•�Ž�•�1�•�‘�Š�•�1�™�‘�Š�›�–�Š�Œ�˜�•�˜�•�’�Œ�Š�•�1�Š�Œ�•�’�Ÿ�’�•�¢�1�˜�•�1�’�—���Š�–-
�–�Š�•�˜�›�¢�1�Ž�¡�ž�•�Š�•�Ž�œ�1� �Š�œ�1�Š�4�›�’�‹�ž�•�Ž�•�1�•�˜�1���,�•�¢�™�Ž�1�™�›�˜�œ�•�Š�•�•�Š�—�•�’�—�œ�1�ý21].

�W�_�]�V�ñ�1 ���—�•�’�,�’�—���Š�–�–�Š�•�˜�›�¢�1 �Š�Œ�•�’�Ÿ�’�•�¢�1 �˜�•�1 �•�˜�™�’�Œ�Š�•�•�¢�1 �Š�™�™�•�’�Ž�•�1 �‘�¢�•�›�˜�Œ�˜�›�•�’�œ�˜�—�Ž�1 �Š�Œ�Ž�•�Š�•�Ž�ð�1 �–�Ž�•�‘�¢�•�™�›�Ž�•-
nisolone acetate, betamethasone 17-valerate, triamcinolone 16,17-acetonide, betamethasone, 
�Š�—�•�1���ž�˜�Œ�’�—�˜�•�˜�—�Ž�1�Š�Œ�Ž�•�˜�—�’�•�Ž�1� �Š�œ�1�•�Ž�œ�•�Ž�•�1�’�—�1�Š�—�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�ï�1It was concluded that the air 
pouch model served as an application area and was used for the evaluation of commercially 
available corticosteroids�1�ý22].

�W�_�]�V�ñ�1���—�1�Š�œ�Œ�’�•�’�Œ�1�Ÿ�Š�›�’�Š�—�•�1�˜�•�1�Š�—�1�’�—�•�ž�Œ�Ž�•�1�‘�Ž�™�Š�•�˜�–�Š�1�Œ�Ž�•�•�1�•�’�—�Ž�1� �Š�œ�1�Ž�œ�•�Š�‹�•�’�œ�‘�Ž�•�ï�1���‘�Ž�1�˜�›�’�•�’�—�Š�•�1�•�ž�–�˜�›�1
� �Š�œ�1�’�—�˜�Œ�ž�•�Š�•�Ž�•�1�’�—�œ�’�•�Ž�1�Š�—�1�Š�’�›�1�™�˜�ž�Œ�‘�ï�1���ž�–�˜�›�1�Œ�Ž�•�•�œ�1�•�›�Ž� �1�Š�4�Š�Œ�‘�Ž�•�1�•�˜�1�•�‘�Ž�1�™�˜�ž�Œ�‘�1� �Š�•�•�œ�ð�1�Š�—�•�1�’�—�1�Š�•�•�’-
�•�’�˜�—�1�œ�˜�–�Ž�1�Œ�Ž�•�•�œ�1�Š�Œ�Œ�ž�–�ž�•�Š�•�Ž�•�1�’�—�1�•�‘�Ž�1���ž�’�•�1�’�—�œ�’�•�Ž�1�•�‘�Ž�1�™�˜�ž�Œ�‘�ï�1���‘�Ž�1���ž�’�•�1� �Š�œ�1�Ž�¡�•�›�Š�Œ�•�Ž�•�1�Š�—�•�1�’�—�“�Ž�Œ�•�Ž�•�1
intraperitoneally in female mice and maintained for more than six passes. This method pro -
�•�ž�Œ�Ž�œ�1�‘�’�•�‘�1�Š�–�˜�ž�—�•�1�˜�•�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�1�•�›�Ž�Ž�1�˜�•�1�—�˜�—�,�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�1�Š�—�•�1�Œ�˜�—�—�Ž�Œ�•�’�Ÿ�Ž�1�•�’�œ�œ�ž�Ž�1�ý23].

�W�_�]�Y�ñ�1���Ž�—�œ�’�•�’�Ÿ�’�•�¢�1�˜�•�1�•�‘�Ž�1�Œ�Š�™�’�•�•�Š�›�¢�1�Ž�—�•�˜�•�‘�Ž�•�’�ž�–�1�•�˜�1�›�Š�•�’�Š�•�’�˜�—�1� �Š�œ�1�•�Ž�œ�•�Ž�•�ï�1���›�’�Ž���¢�ð�1�Š�—�1�Š�’�›�1�™�˜�ž�Œ�‘�1
� �Š�œ�1�’�—�•�ž�Œ�Ž�•�1�’�—�1�›�Š�•�œ�ð�1�•�‘�Ž�—�1�•�‘�Ž�1�Š�›�Ž�Š�1� �Š�œ�1�•�Ž�™�•�Ž�•�Ž�•�1�˜�•�1�‹�•�˜�˜�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�‹�¢�1�•�›�Ž�Ž�£�’�—�•�ð�1�Š�—�•�1�Ÿ�Š�œ�Œ�ž�•�Š�›�1
proliferation was later induced employing uric acid and lithium lactate. The area becomes 
�›�Ž�Ÿ�Š�œ�Œ�ž�•�Š�›�’�£�Ž�•�1� �’�•�‘�’�—�1�W�X�1�•�Š�¢�œ�ï�1���•�1� �Š�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�•�‘�Š�•�1�’�—�1�’�›�›�Š�•�’�Š�•�Ž�•�1�™�›�Ž�™�Š�›�Š�•�’�˜�—�œ�ð�1�›�Ž�Ÿ�Š�œ�Œ�ž�•�Š�›�’�£�Š-
�•�’�˜�—�1�•�Ž�Œ�›�Ž�Š�œ�Ž�•�1�’�—�1�Š�1�•�˜�œ�Ž�,�•�Ž�™�Ž�—�•�Ž�—�•�1�–�Š�—�—�Ž�›�1�ý24].

1974: On the 30th symposium of the Society for Developmental Biology, the air pouch model 
� �Š�œ�1�•�’�œ�•�Ž�•�1�Š�œ�1�˜�—�Ž�1�˜�•�1�•�‘�Ž�1�‹�’�˜�Š�œ�œ�Š�¢�œ�1�•�˜�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�1�•�‘�Ž�1�•�ž�–�˜�›�1�Š�—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�•�Š�Œ�•�˜�›�1�ý25].

�W�_�]�Z�ñ�1���‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1� �Š�œ�1�ž�œ�Ž�•�1�•�˜�1�œ�•�ž�•�¢�1�•�‘�Ž�1�‹�’�—�•�’�—�•�1�˜�•�1�Œ�Š�›�Œ�’�—�˜�•�Ž�—�1�]�ð�W�X�,�•�’�–�Ž�•�‘�¢�•�‹�Ž�—�£�ý�Š�þ
�Š�—�•�‘�›�Š�Œ�Ž�—�Ž�1�û���������ü�1�•�˜�1�•�‘�Ž�1�������1�˜�•�1�•�‘�Ž�1�–�˜�ž�œ�Ž�1�Ž�™�’�•�Ž�›�–�’�œ�ï�1���‘�Ž�1�›�Ž�œ�ž�•�•�œ�1�œ�‘�˜� �Ž�•�1�•�‘�Š�•�1�’�•�1�’�œ�1�™�˜�œ�œ�’�‹�•�Ž�1
�•�˜�1 �œ�•�ž�•�¢�1 �–�˜�•�Ž�Œ�ž�•�Š�›�1 �Ž�Ÿ�Ž�—�•�œ�ð�1 �œ�ž�Œ�‘�1 �Š�œ�1 �•�‘�Ž�1 �‹�’�—�•�’�—�•�1 �˜�•�1 ���������1 �•�˜�1 �›�Ž�™�•�’�Œ�Š�•�’�Ÿ�Ž�1 �˜�›�1 �—�˜�—�,�›�Ž�™�•�’�Œ�Š�•�’�Ÿ�Ž�1
�������1�’�—�1�Ÿ�’�Ÿ�˜�ï�1���•�1� �Š�œ�1�Œ�˜�—�Œ�•�ž�•�Ž�•�1�•�‘�Š�•�1���������1�‹�’�—�•�œ�1�™�›�Ž�•�Ž�›�Ž�—�•�’�Š�•�•�¢�1�•�˜�1�—�˜�—�,�›�Ž�™�•�’�Œ�Š�•�’�—�•�1�������1�ý26].

�W�_�]�Z�ñ�1���—�1�Š�’�›�1�™�˜�ž�Œ�‘�1�’�—�1�•�‘�Ž�1�›�Š�•�1� �Š�œ�1�•�‘�Ž�1�•�Ž�Œ�‘�—�’�š�ž�Ž�1�ž�œ�Ž�•�1�•�˜�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�1�•�‘�Š�•�1�•�ž�–�˜�›�œ�1�Œ�Š�—�1�’�—�•�ž�Œ�Ž�1
�Ž�—�•�˜�•�‘�Ž�•�’�Š�•�1�–�’�•�˜�œ�’�œ�1�•�›�˜�–�1�Y�1�•�˜�1�[�1�–�–�1�•�’�œ�•�Š�—�Œ�Ž�1�ý27].

�W�_�]�Z�ñ�1 ���•�Š�•�•�Ž�›�1 �•�›�Š�•�–�Ž�—�•�œ�1 �Š�—�•�1 �Š�’�›�1 � �Ž�›�Ž�1 �œ�ž�‹�Œ�ž�•�Š�—�Ž�˜�ž�œ�•�¢�1 �’�—�“�Ž�Œ�•�Ž�•�1 �’�—�1 �•�‘�Ž�1 �‹�Š�Œ�”�œ�1 �˜�•�1 ���’�œ�•�Š�›�1 �›�Š�•�œ�ò�1
within a month a cyst completely lined by urothelial cells was formed and persisted for at 
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�•�Ž�Š�œ�•�1�\�1�–�˜�—�•�‘�œ�ï�1���‘�’�œ�1�‘�Ž�•�Ž�›�˜�•�¢�™�’�Œ�1�‹�•�Š�•�•�Ž�›�1�’�—�1�•�‘�Ž�1�›�Š�•�1� �Š�œ�1�•�Ž�œ�Œ�›�’�‹�Ž�•�1�‹�¢�1�•�‘�Ž�1�Š�ž�•�‘�˜�›�œ�1�Š�œ�1�•�‘�Ž�1���›�œ�•�1
�œ�•�Ž�™�1�•�˜�1�œ�•�ž�•�¢�1�•�‘�Ž�1�’�–�™�•�Š�—�•�Š�•�’�˜�—�ð�1�™�›�˜�•�›�Ž�œ�œ�’�˜�—�ð�1�Š�—�•�1�œ�™�›�Ž�Š�•�1�˜�•�1�‹�•�Š�•�•�Ž�›�1�Œ�Š�—�Œ�Ž�›�1�ý28].

1974: The healing of tissues damaged by X-ray radiation was studied using the air pouch 
�–�˜�•�Ž�•�ï�1���‘�Ž�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�1�˜�•�1�›�Š�•�’�Š�•�’�˜�—�1�•�Š�–�Š�•�Ž�•�1� �Š�œ�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�Ž�1�������1�Œ�˜�—�•�Ž�—�•�1�˜�•�1�•�‘�Ž�1�•�›�Š�—�ž-
loma tissue and the volume of blood produced by angiogenesis and by microcolony count. It 
was concluded that a single high dose of local radiation (2000–4000 rads) destroys the inner 
�•�Š�¢�Ž�›�1�˜�•�1�›�Š�™�’�•�•�¢�1�•�›�˜� �’�—�•�1�Œ�Ž�•�•�œ�ð�1� �‘�’�•�Ž�1�˜�ž�•�Ž�›�1�•�Š�¢�Ž�›�œ�1�˜�•�1�•�’���Ž�›�Ž�—�•�’�Š�•�Ž�•�1�Œ�Ž�•�•�œ�1�œ�‘�˜� �1�•�Ž�œ�œ�1�•�Š�–�Š�•�Ž�1�ý29].

�W�_�]�\�ñ�1���’���Ž�›�Ž�—�Œ�Ž�œ�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�Ž�Š�›�•�¢�1�Š�—�•�1�•�Š�•�Ž�1�œ�•�Š�•�Ž�œ�1�˜�•�1 �’�—���Š�–�–�Š�•�’�˜�—�1� �Ž�›�Ž�1�œ�•�ž�•�’�Ž�•�1 �’�—�1�Š�1�Œ�Š�›-
�›�Š�•�Ž�Ž�—�Š�—�1�’�—���Š�–�–�Š�•�’�˜�—�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 �–�˜�•�Ž�•�ï�1 ���‘�Ž�1 �›�Ž�œ�ž�•�•�œ�1 �œ�‘�˜� �Ž�•�1 �•�‘�Š�•�1 �Ÿ�Š�œ�Œ�ž�•�Š�›�1 �™�Ž�›�–�Ž�Š�‹�’�•�’�•�¢�1 �’�œ�1
�’�—�Œ�›�Ž�Š�œ�Ž�•�1�‹�¢�1�‘�’�œ�•�Š�–�’�—�Ž�1�’�—�“�Ž�Œ�•�’�˜�—�1�˜�—�1�•�‘�Ž�1�Ž�Š�›�•�¢�1�œ�•�Š�•�Ž�ð�1� �‘�’�•�Ž�1�™�›�˜�œ�•�Š�•�•�Š�—�•�’�—�œ�1�’�—�Œ�›�Ž�Š�œ�Ž�1�Ÿ�Š�œ�Œ�ž�•�Š�›�1
�™�Ž�›�–�Ž�Š�‹�’�•�’�•�¢�1�˜�—�1�•�‘�Ž�1�Œ�‘�›�˜�—�’�Œ�1�œ�•�Š�•�Ž�1�ý30].

1976: Hypersensitivity to tobacco was studied in a mouse model. To determine the involve-
ment of mast cell response, an air pouch was induced on the back of mice, tobacco extract was 
administered into the pouch, and the tissue was examined microscopically to determine the 
presence of degranulated and non-degranulated mast cells. It was concluded that mice serve 
�Š�œ�1�Š�1�•�˜�˜�•�1�–�˜�•�Ž�•�1�•�˜�1�œ�•�ž�•�¢�1�•�˜�‹�Š�Œ�Œ�˜�1�‘�¢�™�Ž�›�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�1�Š�—�•�1�•�‘�Š�•�1�–�Š�œ�•�1�Œ�Ž�•�•�1�’�œ�1�œ�Ž�—�œ�’�•�’�£�Ž�•�1�‹�¢�1�•�˜�‹�Š�Œ�Œ�˜�,
�œ�™�Ž�Œ�’���Œ�1���•�	�1�Š�—�•�1���•���1�ý31].

�W�_�]�]�ñ�1���‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1� �’�•�‘�1�Œ�Š�›�›�Š�•�Ž�Ž�—�Š�—�1� �Š�œ�1�ž�œ�Ž�•�1�•�˜�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�1�•�‘�Ž�1�Ž���Ž�Œ�•�1�˜�•�1���ž�›�‹�’�™�›�˜�•�Ž�—�ð�1�Š�1
�—�˜�—�œ�•�Ž�›�˜�’�•�Š�•�1�Š�—�•�’�,�’�—���Š�–�–�Š�•�˜�›�¢�1�•�›�ž�•�ð�1�˜�—�1�™�›�˜�œ�•�Š�•�•�Š�—�•�’�—�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�Š�—�•�1�•�Ž�ž�Œ�˜�Œ�¢�•�Ž�1�–�’�•�›�Š�•�’�˜�—�ï�1
���•�1� �Š�œ�1�Œ�˜�—�Œ�•�ž�•�Ž�•�1�•�‘�Š�•�1�˜�™�•�’�–�Š�•�1�•�˜�œ�Ž�œ�1�˜�•�1���ž�›�‹�’�™�›�˜�•�Ž�—�1�–�Š�¢�1�’�—�‘�’�‹�’�•�1�™�›�˜�œ�•�Š�•�•�Š�—�•�’�—�1�œ�¢�—�•�‘�Ž�œ�’�œ�1�Š�—�•�1
�™�˜�•�¢�–�˜�›�™�‘�˜�—�ž�Œ�•�Ž�Š�›�1�•�Ž�ž�Œ�˜�Œ�¢�•�Ž�1�–�’�•�›�Š�•�’�˜�—�1�’�—�•�˜�1�•�‘�Ž�1�œ�’�•�Ž�1�˜�•�1�’�—���Š�–�–�Š�•�’�˜�—�1�ý32].

1979: It was observed that oxygenation of tumor tissues occurred after X-ray radiation in some 
�•�ž�–�˜�›�œ�ò�1 �•�‘�’�œ�1 �™�‘�Ž�—�˜�–�Ž�—�˜�—�1 � �Š�œ�1 �•�Ž�›�–�Ž�•�1 �›�Ž�˜�¡�¢�•�Ž�—�Š�•�’�˜�—�ð�1 �Š�—�•�1 �’�•�1 � �Š�œ�1 �‹�Ž�•�’�Ž�Ÿ�Ž�•�1 �•�˜�1 �Š���Ž�Œ�•�1 �Œ�Š�—�Œ�Ž�›�1
�Œ�Ž�•�•�1�œ�ž�›�Ÿ�’�Ÿ�Š�•�ï�1���Ž�’�—�‘�˜�•�•�ð�1���•�Š�Œ�‘�’�Ž� �’�Œ�£�ð�1�Š�—�•�1���Ž�›�•�,���•�˜�”�1�–�˜�•�’���Ž�•�1�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�•�˜�1�˜�‹�•�Š�’�—�1�Š�1
���œ�Š�—�•� �’�Œ�‘�1�Œ�‘�Š�–�‹�Ž�›���1�˜�—�1�•�‘�Ž�1�‹�Š�Œ�”�1�˜�•�1�›�Š�•�œ�ð�1�•�˜�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�1�•�‘�Ž�1�˜�¡�¢�•�Ž�—�Š�•�’�˜�—�1�Ž���Ž�Œ�•�1�˜�—�1�•�ž�–�˜�›�œ�1� �’�•�‘�1�˜�›�1
without the previous radiation. They concluded that oxygen levels in the tumor microenvi -
�›�˜�—�–�Ž�—�•�1�˜�•�1�›�‘�Š�‹�•�˜�–�¢�˜�œ�Š�›�Œ�˜�–�Š�1�����1�W�W�W�X�1�Œ�Š�—�1�•�Ž�–�™�˜�›�Š�›�’�•�¢�1�’�—�Œ�›�Ž�Š�œ�Ž�1�Š�•�•�Ž�›�1�X�V�1�	�¢�1�›�Š�•�’�Š�•�’�˜�—�1�ý33].

�W�_�^�V�ñ�1���,���Ž�•�‘�¢�•�,�����,�—�’�•�›�˜�,���,�—�’�•�›�˜�œ�˜�•�ž�Š�—�’�•�’�—�Ž�1�û�������	�ü�1�Š�—�•�1�‹�Ž�—�£�˜�ý�Š�þ�™�¢�›�Ž�—�Ž�1�û�����ü�1� �Ž�›�Ž�1�Š�•�–�’�—-
istered into air pouches of adult male rats. Fort-eight hours later, the granulation tissue was 
excised, and the density of mutated cells resistant to 6-thioguanine was determined in vitro. 
���‘�Ž�›�Ž�1� �Š�œ�1�Š�1�•�˜�œ�Ž�,�•�Ž�™�Ž�—�•�Ž�—�•�1�’�—�Œ�›�Ž�Š�œ�Ž�1�’�—�1�•�‘�Ž�1�–�ž�•�Š�•�’�˜�—�1�›�Š�•�Ž�1�•�˜�›�1�‹�˜�•�‘�1�Œ�˜�–�™�˜�ž�—�•�œ�1�ý34].

1980: L. van den Boocaard�1�œ�•�ž�•�’�Ž�•�1�•�‘�Ž�1�Š�—�•�’�•�ž�–�˜�›�1�Ž���Ž�Œ�•�1�˜�•�1�‘�Ž�Š�•�1�Š�—�•�1�’�›�›�Š�•�’�Š�•�’�˜�—�1�Œ�˜�–�‹�’�—�Ž�•�ï�1�
�Ž�1
induced an air pouch on the back of rats and inoculated tumor cells inside the pouch. Then, 
the dorsal skin of the rat was immersed in a water bath at 42°C, and the air pouch prevented 
the excessive heating of the body, while tumor was about the same as the water bath. Tumor 
heating was performed for 2 hours 1 day before irradiation. L. van den Boocaard concluded 
�•�‘�Š�•�1�•�‘�Ž�1�Œ�˜�–�‹�’�—�Ž�•�1�•�‘�Ž�›�Š�™�¢�1�’�—�•�ž�Œ�Ž�•�1�•�ž�–�˜�›�1�›�Ž�•�›�Ž�œ�œ�’�˜�—�1�Š�—�•�1�Š�1�•�˜�—�•�Ž�›�1�•�ž�–�˜�›�,�•�›�Ž�Ž�1�’�—�•�Ž�›�Ÿ�Š�•�1�ý35].

�W�_�^�X�ñ�1���—�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 � �Š�œ�1 �•�˜�›�–�Ž�•�1 �˜�—�1 �•�‘�Ž�1 �‹�Š�Œ�”�1 �˜�•�1 �›�Š�•�œ�1 �•�˜�1 �’�—�•�ž�Œ�Ž�1 �›�Š�™�’�•�•�¢�1 �™�›�˜�•�’�•�Ž�›�Š�•�’�—�•�1 �•�›�Š�—�ž-
�•�˜�–�Š�1�•�’�œ�œ�ž�Ž�ï�1��� �˜�1�•�Š�¢�œ�1�•�Š�•�Ž�›�1�•�‘�Ž�1�•�Ž�œ�•�1�Œ�˜�–�™�˜�ž�—�•�œ�ð�1�[�,�‹�›�˜�–�˜�,�X���,�•�Ž�˜�¡�¢�ž�›�’�•�’�—�Ž�1�û���›�•���ü�ð�1�–�’�•�˜�–�¢-
�Œ�’�—�1���1�û�������ü�ð�1�Œ�˜�•�Œ�‘�’�Œ�’�—�Ž�ð�1�Š�—�•�1�Œ�¢�Œ�•�˜�™�‘�˜�œ�™�‘�Š�–�’�•�Ž�1�û�����ü�ð�1� �Ž�›�Ž�1�Š�•�–�’�—�’�œ�•�Ž�›�Ž�•�1�’�—�œ�’�•�Ž�1�•�‘�Ž�1�™�˜�ž�Œ�‘�ò�1
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24 hours later, the tissue was excised, and sister chromatid exchange frequencies were deter-
mined. It was concluded that mitomycin C and cyclophosphamide induce sister chromatid 
�Ž�¡�Œ�‘�Š�—�•�Ž�1�ý36].

�W�_�^�Y�ñ�1���‘�Ž�1�Œ�Š�›�Œ�’�—�˜�•�Ž�—�’�Œ�1�™�˜�•�Ž�—�•�’�Š�•�1�˜�•�1�™�›�˜�Œ�Š�›�‹�Š�£�’�—�Ž�1� �Š�œ�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1�’�—�1�Š�—�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�’�—�1�›�Š�•�œ�ï�1
���•�1� �Š�œ�1�Œ�˜�—�Œ�•�ž�•�Ž�•�1�•�‘�Š�•�1�‘�’�•�‘�1�•�˜�œ�Ž�œ�1�˜�•�1�™�›�˜�Œ�Š�›�‹�Š�£�’�—�Ž�1�û�Y�V�V�1�–�•�&�
�•�ü�1�’�—�“�Ž�Œ�•�Ž�•�1�’�—�•�˜�1�•�‘�Ž�1�œ�ž�‹�Œ�ž�•�Š�—�Ž-
�˜�ž�œ�1�•�’�œ�œ�ž�Ž�1�•�˜�1�—�˜�•�1�’�—�•�ž�Œ�Ž�1�•�ž�–�˜�›�œ�ð�1�ž�—�•�Ž�œ�œ�1�Š�—�1�’�—���Š�–�–�Š�•�˜�›�¢�1�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�1�‘�Š�•�1�‹�Ž�Ž�—�1�™�›�Ž�Ÿ�’�˜�ž�œ�•�¢�1
�Ž�œ�•�Š�‹�•�’�œ�‘�Ž�•�1� �’�•�‘�1�Š�1�Œ�›�˜�•�˜�—�1�˜�’�•�1�’�—�“�Ž�Œ�•�’�˜�—�1�ý37].

�W�_�^�Z�ñ�1���—�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 �–�˜�•�Ž�•�1 � �Š�œ�1 �’�—�•�ž�Œ�Ž�•�1 �‹�Ž�—�Ž�Š�•�‘�1 �•�‘�Ž�1 �–�Š�–�–�Š�›�¢�1 �•�Š�•�1 �™�Š�•�1 �˜�•�1 ���’�œ�•�Š�›�1 �›�Š�•�œ�1 �Š�—�•�1
�’�—�“�Ž�Œ�•�Ž�•�1 � �’�•�‘�1 �X�V�1 �–�’�•�•�’�•�›�Š�–�œ�1 �˜�•�1 ���������1 �û�]�ð�W�X�,�•�’�–�Ž�•�‘�¢�•�‹�Ž�—�£�ý�Š�þ�Š�—�•�‘�›�Š�Œ�Ž�—�Ž�ü�ï�1 ���‘�’�œ�1 �•�Ž�Œ�‘�—�’�š�ž�Ž�1
�Š�•�•�˜� �Ž�•�1�•�‘�Ž�1�’�—�•�ž�Œ�•�’�˜�—�1�˜�•�1�•�˜�Œ�Š�•�’�£�Ž�•�ð�1�•�›�Š�—�œ�™�•�Š�—�•�Š�‹�•�Ž�ð�1�Š�—�•�1�Ž�œ�•�›�˜�•�Ž�—�,�•�Ž�™�Ž�—�•�Ž�—�•�1�Š�•�Ž�—�˜�Œ�Š�›�Œ�’�—�˜�–�Š�œ�1
in 67–80 days as compared to 150–180 days required by other techniques. The authors sug-
gested that this model might be useful to study the biochemical mechanisms involved in 
�Ž�œ�•�›�˜�•�Ž�—�,�•�Ž�™�Ž�—�•�Ž�—�•�1�–�Š�–�–�Š�›�¢�1�Œ�Š�—�Œ�Ž�›�œ�1�ý38].

�W�_�^�\�ñ�1���Ž�•�•� �’�Œ�”�1�Š�—�•�1���Ž�Ž�œ�1�Œ�˜�–�™�Š�›�Ž�•�1�•�‘�›�Ž�Ž�1�•�’���Ž�›�Ž�—�•�1�Š�Œ�ž�•�Ž�1�’�—���Š�–�–�Š�•�’�˜�—�1�–�˜�•�Ž�•�œ�ñ�1�Š�1�\�,�•�Š�¢�1�Š�’�›�1
pouch, polyester sponge, and pleurisy. Overall, they concluded that the air pouch model was 
�•�‘�Ž�1�–�˜�œ�•�1�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�•�˜�1�Š�œ�œ�Ž�œ�œ�1�•�‘�Ž�1�Ž���Ž�Œ�•�1�˜�•�1�œ�•�Ž�›�˜�’�•�œ�1�ý39].

�W�_�^�]�ñ�1���›�Ž�•�›�Ž�Š�•�–�Ž�—�•�1�˜�•�1�–�’�Œ�Ž�1� �’�•�‘�1�–�Ž�•�‘�˜�•�›�Ž�¡�Š�•�Ž�1�’�—�‘�’�‹�’�•�œ�1�—�Ž�ž�•�›�˜�™�‘�’�•�1�Œ�‘�Ž�–�˜�•�Š�¡�’�œ�1�’�—�•�ž�Œ�Ž�•�1�‹�¢�1���Z�1
and the complement protein C5a administration inside an air pouch. These results indicated 
�•�‘�Š�•�1 �•�‘�Ž�1�Š�—�•�’�,�’�—���Š�–�–�Š�•�˜�›�¢�1�Š�Œ�•�’�Ÿ�’�•�¢�1�˜�•�1 �–�Ž�•�‘�˜�•�›�Ž�¡�Š�•�Ž�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�’�—�1�Œ�•�’�—�’�Œ�Š�•�1�•�›�’�Š�•�œ�1� �’�•�‘�1 �Š�›�•�‘�›�’�•�’�œ�1
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�1�û�Š�‹�˜�ž�•�1�V�ï�[�1�ž�—�’�•�œ�ü�1�Š�—�•�1�œ�ž�•�•�Ž�œ�•�œ�1�•�‘�Š�•�1�•�‘�Ž�1�™�
�1
�Ÿ�Š�›�’�Š�•�’�˜�—�1�Œ�˜�ž�•�•�1�Š���Ž�Œ�•�1�•�‘�Ž�1�Ž���Ž�Œ�•�1�˜�•�1�Š�—�Ž�œ�•�‘�Ž�•�’�Œ�œ�1�ý41].
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responses were induced and evaluated in an air pouch model with bovine serum albumin 
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���˜�1�•�’���Ž�›�Ž�—�Œ�Ž�1� �Š�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�˜�—�1�•�‘�Ž�1�Ÿ�˜�•�ž�–�Ž�1�˜�•�1�’�—���Š�–�–�Š�•�˜�›�¢�1�Ž�¡�ž�•�Š�•�Ž�ð�1�•�‘�Ž�1�Š�–�˜�ž�—�•�1�˜�•�1�™�›�˜�•�Ž�’�—�1�’�—�1
�•�‘�Ž�1�Ž�¡�ž�•�Š�•�Ž�ð�1�Š�—�•�1�Œ�˜�—�—�Ž�Œ�•�’�Ÿ�Ž�1�•�’�œ�œ�ž�Ž�1�™�›�˜�•�’�•�Ž�›�Š�•�’�˜�—�ï�1���‘�Ž�1�Š�ž�•�‘�˜�›�œ�1�Œ�˜�—�Œ�•�ž�•�Ž�•�1�•�‘�Š�•�1���œ�‘�1�˜�’�•�,�•�Ž�›�’�Ÿ�Ž�•�1
�•�Š�4�¢�1 �Š�Œ�’�•�œ�1 �Œ�Š�—�1 �™�›�˜�‹�Š�‹�•�¢�1 �–�˜�•�ž�•�Š�•�Ž�1 �•�‘�Ž�1 �Œ�‘�›�˜�—�’�Œ�1 �’�—���Š�–�–�Š�•�’�˜�—�1 �™�‘�Š�œ�Ž�1 �Š�—�•�1 �Œ�Ž�•�•�ž�•�Š�›�1 �’�–�–�ž�—�Ž�1
�›�Ž�œ�™�˜�—�œ�Ž�ð�1�‹�¢�1�’�—�‘�’�‹�’�•�’�˜�—�1�˜�•�1�•�Ž�ž�”�˜�•�›�’�Ž�—�Ž�1���Z�1�Š�—�•�1�™�›�˜�œ�•�Š�•�•�Š�—�•�’�—�1���X�1�œ�¢�—�•�‘�Ž�œ�’�œ�1�ý42].

1987: The tumor targeting the potential of liposomes encapsulating the radioisotope Ga-67 
�Š�—�•�1�Š�—�1�Š�—�•�’�‹�˜�•�¢�1�Š�•�Š�’�—�œ�•�1���������1�û���Š�•�•�˜�—���œ�1�•�¢�–�™�‘�˜�–�Š�,�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1�Š�—�•�’�•�Ž�—�ü�1� �Š�œ�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1�’�—�1�Š�—�1
�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�ï�1���‘�Ž�1�›�Ž�œ�ž�•�•�œ�1�œ�‘�˜� �Ž�•�1�•�‘�Š�•�1�Š�—�•�’�,���������1�’�–�™�›�˜�Ÿ�Ž�œ�1�	�Š�,�\�]�1�ž�™�•�Š�”�Ž�1�‹�¢�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�1
�Š�—�•�1�•�‘�Š�•�1�—�Ž�•�Š�•�’�Ÿ�Ž�1�Š�—�•�1�—�Ž�ž�•�›�Š�•�1�Œ�‘�Š�›�•�Ž�1�•�’�™�˜�œ�˜�–�Ž�œ�1�’�—�Œ�›�Ž�Š�œ�Ž�1�•�‘�Ž�1�Š�Œ�Œ�ž�–�ž�•�Š�•�’�˜�—�1�˜�•�1�	���,�\�]�1�•�˜�1�•�ž�–�˜�›�1
tissue as compared to positively charged liposomes. Liposomes with Ga-67 but without anti-
���������1�‘�Š�•�1�–�’�—�’�–�Š�•�1�Š�Œ�Œ�ž�–�ž�•�Š�•�’�˜�—�1�’�—�1�•�ž�–�˜�›�1�•�’�œ�œ�ž�Ž�1�Š�—�•�1�–�Š�¡�’�–�Š�•�1�Š�Œ�Œ�ž�–�ž�•�Š�•�’�˜�—�1�’�—�1�•�‘�Ž�1�•�’�Ÿ�Ž�›�1�Š�—�•�1
�œ�™�•�Ž�Ž�—�1�ý43].

�$�L�U���3�R�X�F�K���0�R�G�H�O�����$�Q���$�O�W�H�U�Q�D�W�L�Y�H���0�H�W�K�R�G���I�R�U���&�D�Q�F�H�U���'�U�X�J���'�L�V�F�R�Y�H�U�\
�K�W�W�S�������G�[���G�R�L���R�U�J�������������������L�Q�W�H�F�K�R�S�H�Q������������
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�W�_�^�^�ñ�1���˜�4�˜�–�•�Ž�¢�ð�1�	�›�’���•�‘�œ�ð�1���’�œ�’�—�•�ð�1�Š�—�•�1���•�Ž� �Š�›�•�1�’�–�™�•�Š�—�•�Ž�•�1�Š�1�›�Š�•�1�Œ�Š�›�•�’�•�Š�•�Ž�1� �›�Š�™�™�Ž�•�1�’�—�1�Œ�˜�4�˜�—�1
inside an air pouch model in mice. The authors observed loss of peptidoglycan and collagen, 
�Š�—�•�1�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�Š�1�•�›�Š�—�ž�•�˜�–�Š�ð�1�Š�—�•�1�•�Ž�œ�•�Ž�•�1�•�’���Ž�›�Ž�—�•�1�•�¢�™�Ž�œ�1�˜�•�1�Š�—�•�’�,�’�—���Š�–�–�Š�•�˜�›�¢�1�Š�—�•�1�Š�—�•�’�›�‘�Ž�ž-
�–�Š�•�’�Œ�1�•�›�ž�•�œ�ï�1���‘�Ž�¢�1�Œ�˜�—�Œ�•�ž�•�Ž�•�1�•�‘�Š�•�1�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�’�œ�1�‹�Ž�4�Ž�›�1�•�‘�Š�—�1�˜�•�‘�Ž�›�1�Š�—�’�–�Š�•�1�–�˜�•�Ž�•�œ�1�•�˜�1
�™�›�Ž�•�’�Œ�•�1�•�‘�Ž�›�Š�™�Ž�ž�•�’�Œ�1�Ž���Œ�Š�Œ�¢�1�’�—�1�–�Ž�—�1�ý44].

�W�_�^�_�ñ�1���‘�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�•�Š�•�Ž�¡�1�–�’�Œ�›�˜�œ�™�‘�Ž�›�Ž�œ�1�’�—�•�˜�1�’�—���Š�–�Ž�•�1�•�’�œ�œ�ž�Ž�œ�1�Š�—�•�1�’�—���Š�–�–�Š�•�˜�›�¢�1�Ž�¡�ž�•�Š�•�Ž�1
� �Š�œ�1 �’�—�Ÿ�Ž�œ�•�’�•�Š�•�Ž�•�ï�1 ���›�’�Ž���¢�ð�1 �Š�—�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 �–�˜�•�Ž�•�1 � �’�•�‘�1 �Œ�Š�›�›�Š�•�Ž�Ž�—�Š�—�1 � �Š�œ�1 �’�—�•�ž�Œ�Ž�•�1 �’�—�1 �›�Š�•�œ�ð�1 �Š�—�•�1
microspheres were administrated either orally or intravenously. The authors concluded that 
�–�’�Œ�›�˜�œ�™�‘�Ž�›�Ž�œ�1�Œ�˜�ž�•�•�1�‹�Ž�1�ž�œ�Ž�•�1�Š�œ�1�Š�1�Ÿ�Ž�‘�’�Œ�•�Ž�1�•�˜�›�1�’�—���Š�–�–�Š�•�’�˜�—�,�•�Š�›�•�Ž�•�Ž�•�1�•�›�Ž�Š�•�–�Ž�—�•�1�ý45].

�W�_�_�\�ñ�1���™�™�•�Ž�•�˜�—�1�Ž�•�1�Š�•�ï�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1�•�‘�Ž�1�›�˜�•�Ž�1�˜�•�1�Ÿ�Š�œ�Œ�ž�•�Š�›�1�Ž�—�•�˜�•�‘�Ž�•�’�Š�•�1�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�1�’�—�1�’�—���Š�–�–�Š�•�’�˜�—�,
mediated angiogenesis with the air pouch model. They concluded that the vascular endothe-
�•�’�Š�•�1�•�›�˜� �•�‘�1 �•�Š�Œ�•�˜�›�1�–�Š�¢�1�‹�Ž�1�Š�—�1�’�–�™�˜�›�•�Š�—�•�1�›�Ž�•�ž�•�Š�•�˜�›�1�˜�•�1�Š�—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�•�ž�›�’�—�•�1�•�‘�Ž�1�’�—���Š�–�–�Š�•�’�˜�—�1
�™�›�˜�Œ�Ž�œ�œ�1�ý46].

1999: The air pouch model was used to evaluate the chemopreventive activity of celecoxib 
�Š�—�•�1 �’�—�•�˜�–�Ž�•�‘�Š�Œ�’�—�ï�1 ���›�’�Ž���¢�ð�1 �‘�Š�’�›�•�Ž�œ�œ�1�–�’�Œ�Ž�1 � �Ž�›�Ž�1 �•�Ž�•�1 � �’�•�‘�1 �Œ�Ž�•�Ž�Œ�˜�¡�’�‹�1 �˜�›�1 �’�—�•�˜�–�Ž�•�‘�Š�Œ�’�—�ð�1 �Š�—�•�1 �Š�’�›�1
pouches were exposed to ultraviolet light. Celecoxib and indomethacin prevented tumor for -
�–�Š�•�’�˜�—�1�’�—�1�^�_�–�1�Š�—�•�1�]�^�–�1�˜�•�1�•�‘�Ž�1�Œ�Š�œ�Ž�œ�ð�1�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�1�ý47].

�X�V�V�V�ñ�1���‘�Ž�1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1�˜�•�1�����,�Ž���1�’�—�1�•�‘�Ž�1�Œ�Š�›�›�Š�•�Ž�Ž�—�Š�—�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1� �Š�œ�1�œ�•�ž�•�’�Ž�•�1�Š�—�•�1�Š�•�œ�˜�1�•�‘�Ž�1
�Ž���Ž�Œ�•�1�˜�•�1�•�Ž�¡�Š�–�Ž�•�‘�Š�œ�˜�—�Ž�1�˜�Ÿ�Ž�›�1�����,�Ž���1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�ï�1���Ž�œ�ž�•�•�œ�1�œ�‘�˜� �Ž�•�1�•�‘�Š�•�1�����,�Ž���1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1�œ�•�Š�›�•�œ�1
�˜�—�1�•�‘�Ž�1���›�œ�•�1�•�Š�¢�1�˜�•�1�’�—���Š�–�–�Š�•�’�˜�—�1�Š�—�•�1�’�—�Œ�›�Ž�Š�œ�Ž�œ�1�Š�œ�1�’�—���Š�–�–�Š�•�’�˜�—�1�™�›�˜�•�›�Ž�œ�œ�Ž�œ�1�Š�—�•�1�•�Ž�Œ�›�Ž�Š�œ�Ž�œ�1� �’�•�‘�1
�•�Ž�¡�Š�–�Ž�•�‘�Š�œ�˜�—�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�1�ý48].

2000: Hooper et al. evaluated leukocyte populations, oxygen reactive species release, and 
�™�‘�Š�•�˜�Œ�¢�•�˜�œ�’�œ�ð�1 �’�—�1 �›�Ž�œ�™�˜�—�œ�Ž�1 �•�˜�1 �•�‘�Ž�1 �‹�’�˜�–�Š�•�Ž�›�’�Š�•�œ�1 �™�˜�•�¢�û�•�Ž�•�›�Š���ž�˜�›�˜�Ž�•�‘�¢�•�Ž�—�Ž�ü�1 �û�Ž���������ü�ð�1 �œ�’�•�’�Œ�˜�—�Ž�ð�1
�•�˜� �,�•�Ž�—�œ�’�•�¢�1�™�˜�•�¢�Ž�•�‘�¢�•�Ž�—�Ž�1�û���������ü�ð�1�™�˜�•�¢�û���,�•�Š�Œ�•�’�Œ�1�Š�Œ�’�•�ü�1�û���������ü�ð�1�™�˜�•�¢�û�•�Ž�œ�Š�–�’�—�˜�•�¢�›�˜�œ�¢�•�,�•�¢�›�˜�œ�’�—�Ž�1
�Ž�•�‘�¢�•�1 �Œ�Š�›�‹�˜�—�Š�•�Ž�ü�1 �ý�™�˜�•�¢�û�������1 �Œ�Š�›�‹�˜�—�Š�•�Ž�ü�þ�ð�1 �Š�—�•�1 �™�˜�•�¢�û�•�Ž�œ�Š�–�’�—�˜�•�¢�›�˜�œ�¢�•�,�•�¢�›�˜�œ�’�—�Ž�1 �‹�Ž�—�£�¢�•�1 �Œ�Š�›�‹�˜�—-
�Š�•�Ž�ü�1�ý�™�˜�•�¢�û�������£�•�1�Œ�Š�›�‹�˜�—�Š�•�Ž�ü�þ�ï�1���˜�•�¢�û�������1�Œ�Š�›�‹�˜�—�Š�•�Ž�ü�ð�1�Ž���������ð�1���������ð�1�˜�›�1�™�˜�•�¢�ý�������£�•�1�Œ�Š�›�‹�˜�—�Š�•�Ž�1
increased the levels of superoxide anions inside the pouches. The authors stated that the air 
�™�˜�ž�Œ�‘�1�–�Ž�•�‘�˜�•�1�’�œ�1�Š�1�‘�’�•�‘�•�¢�1�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�–�Ž�•�‘�˜�•�1�•�˜�1�•�Ž�œ�•�1�•�‘�Ž�1�›�Ž�œ�™�˜�—�œ�Ž�1�˜�•�1�’�—���Š�–�–�Š�•�˜�›�¢�1�Œ�Ž�•�•�œ�1�•�˜�1�‹�’�˜-
�–�Š�•�Ž�›�’�Š�•�œ�1�ý49].

2001: ���Ž�•�›�˜�Ÿ�’�›�Š�•�1�Ÿ�Ž�Œ�•�˜�›�œ�1�Ž�¡�™�›�Ž�œ�œ�’�—�•�1�Š�1�‘�ž�–�Š�—�1�’�—�•�Ž�›�•�Ž�ž�”�’�—�,�W�1�›�Ž�Œ�Ž�™�•�˜�›�1�Š�—�•�Š�•�˜�—�’�œ�•�1�Š�—�•�1�Š�1�œ�˜�•�ž�‹�•�Ž�1
tumor necrosis factor receptor�ð�1 � �‘�Ž�›�Ž�1 �’�—�“�Ž�Œ�•�Ž�•�1 �’�—�œ�’�•�Ž�1 �Š�—�1�Š�’�›�1 �™�˜�ž�Œ�‘�1 �–�˜�•�Ž�•�1 �˜�•�1 �’�—���Š�–�–�Š�•�’�˜�—�ï�1
The pouch tissues and exudates were collected after 48 or 72 hours. Gene transfection was 
�Œ�˜�›�›�˜�‹�˜�›�Š�•�Ž�•�1 �‹�¢�1�������1 �Š�—�Š�•�¢�œ�’�œ�ï�1���—�•�ð�1�•�Ž�Œ�›�Ž�Š�œ�Ž�1�˜�•�1 �’�—���Š�–�–�Š�•�’�˜�—�1� �Š�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1 �’�—�1�•�›�Š�—�œ�•�Ž�Œ�•�Ž�•�1
mice by histological analysis. The authors concluded that the air pouch model is useful to 
�Ž�Ÿ�Š�•�ž�Š�•�Ž�1�•�Ž�—�Ž�1�•�‘�Ž�›�Š�™�¢�1�ý50].

�X�V�V�Z�ñ�1���—�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 �–�˜�•�Ž�•�1 � �Š�œ�1 �ž�œ�Ž�•�1 �•�˜�1 �•�Ž�•�Ž�›�–�’�—�Ž�1 �•�‘�Š�•�1 �Š�Œ�ž�•�Ž�1 �—�Ž�ž�•�›�˜�™�‘�’�•�’�Œ�1 �’�—���Š�–�–�Š�•�’�˜�—�1 �’�—�1
�›�Ž�œ�™�˜�—�œ�Ž�1�•�˜�1�ž�›�Š�•�Ž�1�Œ�›�¢�œ�•�Š�•�œ�1�’�œ�1�•�Ž�™�Ž�—�•�Ž�—�•�1�˜�•�1�Œ�‘�Ž�–�˜�”�’�—�Ž�œ�1�•�‘�Š�•�1�‹�’�—�•�1�•�‘�Ž�1�–�����,�^���
�1�›�Ž�Œ�Ž�™�•�˜�›�ð�1�•�‘�Ž�1
�–�’�Œ�Ž�1�‘�˜�–�˜�•�˜�•�1�˜�•�1���������,�X�1�Œ�‘�Ž�–�˜�”�’�—�Ž�1�^�1�›�Ž�Œ�Ž�™�•�˜�›�1�ý51].

�X�V�V�]�ñ�1���1�œ�•�ž�•�¢�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1�•�‘�Ž�1�Š�—�•�’�•�ž�–�˜�›�1�Ž���Ž�Œ�•�1�˜�•�1�•�’�™�˜�œ�˜�–�Ž�,�Ž�—�Œ�Š�™�œ�ž�•�Š�•�Ž�•�1�Š�—�Š�•�Š�œ�Ž�1�™�Š�›�•�’�Œ�•�Ž�œ�1�˜�•�1
�•�’�•�Š�—�’�ž�–�1 �•�’�˜�¡�’�•�Ž�1 �û�����ü�ï�1 ���‘�Ž�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 � �Š�œ�1 �’�—�˜�Œ�ž�•�Š�•�Ž�•�1 � �’�•�‘�1 �������,�����1 �‹�•�Š�•�•�Ž�›�1 �Œ�Š�—�Œ�Ž�›�1 �Œ�Ž�•�•�œ�ð�1 �•�˜�1
�œ�’�–�ž�•�Š�•�Ž�1�‹�•�Š�•�•�Ž�›�1�Œ�Š�—�Œ�Ž�›�ð�1�Š�—�•�1�•�›�Ž�Š�•�Ž�•�1� �’�•�‘�1�����1�’�—�“�Ž�Œ�•�’�˜�—�œ�1�•�˜�•�•�˜� �Ž�•�1�‹�¢�1�������1�›�Š�•�’�Š�•�’�˜�—�ï�1���ž�–�˜�›�1
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�•�›�˜� �•�‘�1�’�—�‘�’�‹�’�•�’�˜�—�1�Š�—�•�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1�œ�ž�›�Ÿ�’�Ÿ�Š�•�1� �Ž�›�Ž�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�™�Š�›�•�’�Œ�ž�•�Š�›�•�¢�1�’�—�1�•�‘�Ž�1�����1�¸�1�������1�›�Š�•�’�Š-
�•�’�˜�—�1�•�›�˜�ž�™�ï�1���‘�Ž�1�›�Ž�œ�ž�•�•�œ�1�œ�ž�•�•�Ž�œ�•�1�•�‘�Š�•�1�����1�’�œ�1�™�›�˜�‹�Š�‹�•�¢�1�–�˜�›�Ž�1�Ž���Ž�Œ�•�’�Ÿ�Ž�1�•�‘�Š�—�1�—�˜�•�1�Ž�—�Œ�Š�™�œ�ž�•�Š�•�Ž�•�1�Š�—�Š-
�•�Š�œ�Ž�1�™�Š�›�•�’�Œ�•�Ž�œ�1�˜�•�1�•�’�•�Š�—�’�ž�–�1�•�’�˜�¡�’�•�Ž�1�•�˜�›�1�•�‘�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�1�˜�•�1�‹�•�Š�•�•�Ž�›�1�Œ�Š�—�Œ�Ž�›�1�ý52].

�X�V�V�_�ñ�1���—�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1� �Š�œ�1�’�—�•�ž�Œ�Ž�•�1�•�˜�1�•�Ž�•�Ž�›�–�’�—�Ž�1�’�•�1�’�—�•�Ž�›�•�Ž�ž�”�’�—�,�W�]�1�Œ�˜�ž�•�•�1�’�—�’�•�’�Š�•�Ž�1�Š�—�1�’�—���Š�–-
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�‹�ž�•�1�’�•�1�’�œ�1�Š�‹�•�Ž�1�•�˜�1�’�—�Œ�›�Ž�Š�œ�Ž�1�’�—���Š�–�–�Š�•�’�˜�—�1�’�—�1�’�•�œ�1�Ž�Š�›�•�¢�1�œ�•�Š�•�Ž�œ�1�ý53].

2009: Kourelis et al. used the air pouch model for the evaluation of early immune response. This 
group determined the immunoregulatory properties of Lactobacillus paracasei subsp. paracasei  
���W�W�X�ð�1�����X�V�[�ð�1�����X�W�[�ð�1�Š�—�•�1�����Z�W�X�1�œ�•�›�Š�’�—�œ�1�ý54].

�X�V�W�Y�ñ�1���‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�‘�Š�œ�1�Š�•�œ�˜�1�‹�Ž�Ž�—�1�Ÿ�Š�•�’�•�Š�•�Ž�•�1�•�˜�›�1�—�Š�—�˜�™�Š�›�•�’�Œ�•�Ž�1�Ž�Ÿ�Š�•�ž�Š�•�’�˜�—�1�‹�¢�1���Š�—�•�˜�˜�›�Ž�—�1
�Ž�•�1�Š�•�ï�1���‘�’�œ�1�•�›�˜�ž�™�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1�‹�’�˜�Œ�˜�–�™�Š�•�’�‹�’�•�’�•�¢�ð�1�•�˜�¡�’�Œ�’�•�¢�ð�1�Š�—�•�1�’�—���Š�–�–�Š�•�˜�›�¢�1�Š�—�•�1�Š�•�Š�™�•�’�Ÿ�Ž�1�’�–�–�ž-
nological response to nanoparticles designed for nanomedicine. They reported that this tech-
�—�’�š�ž�Ž�1�¢�’�Ž�•�•�œ�1�›�Ž�™�›�˜�•�ž�Œ�’�‹�•�Ž�1�•�Š�•�Š�ð�1� �’�•�‘�1�•�‘�›�Ž�Ž�1�–�’�Œ�Ž�1�™�Ž�›�1�•�Ž�œ�•�1�ý55].

�X�V�W�Z�ñ�1���•�Ž�›�Š�•�,���œ�”�˜�ž�Ž�’�1�Ž�•�1�Š�•�ï�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�1�•�‘�Ž�1�Š�—�•�’�Š�—�•�’�˜�•�Ž�—�’�Œ�1�Ž���Ž�Œ�•�1�˜�•�1�‘�˜�—�Ž�¢�1�’�—�1�Ÿ�’�Ÿ�˜�ï�1���‘�’�œ�1�•�›�˜�ž�™�1
�’�—�•�ž�Œ�Ž�•�1 �Š�—�1 �’�—���Š�–�–�Š�•�’�˜�—�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 �–�˜�•�Ž�•�1 �’�—�1 ���’�œ�•�Š�›�1 �›�Š�•�œ�ð�1 �‹�¢�1 �’�—�“�Ž�Œ�•�’�—�•�1 �W�1 �–�’�•�•�’�•�’�•�Ž�›�1 �˜�•�1 �Œ�Š�›�›�Š-
�•�Ž�Ž�—�Š�—�1�û�W�–�ü�1�˜�—�1�•�Š�¢�1�\�ï�1�
�˜�—�Ž�¢�1� �Š�œ�1�’�—�“�Ž�Œ�•�Ž�•�1�’�—�•�˜�1�•�‘�Ž�1�™�˜�ž�Œ�‘�1�Š�•�1�•�‘�Ž�1�œ�Š�–�Ž�1�•�’�–�Ž�1�Š�œ�1�Œ�Š�›�›�Š�•�Ž�Ž�—�Š�—�1�Š�—�•�1
then for 2 consecutive days. The evaluation parameters included hemoglobin concentration, 
vascular endothelial growth factors and prostaglandin E2 levels, and granulomatous tissue 
weight. The results showed a decrease of angiogenesis, and it was concluded that honey 
�–�’�•�‘�•�1�‹�Ž�1�ž�œ�Ž�•�ž�•�1�’�—�1�•�‘�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�1�˜�•�1�•�›�Š�—�ž�•�˜�–�Š�•�˜�ž�œ�1�’�—���Š�–�–�Š�•�˜�›�¢�1�Œ�˜�—�•�’�•�’�˜�—�œ�1�ý56].
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contained in carrageenan air pouches were measured, and for angiogenesis determination, they 
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�Ž�œ�’�œ�ï�1���’�›�1�™�˜�ž�Œ�‘�Ž�œ�1� �Ž�›�Ž�1�Œ�›�Ž�Š�•�Ž�•�1�˜�—�1�•�‘�Ž�1�‹�Š�Œ�”�1�˜�•�1�–�’�Œ�Ž�ð�1�Š�—�•�1�Z�1�•�W�1�˜�›�1�\�]�����1�œ�ž�™�Ž�›�—�Š�•�Š�—�•�œ�1�û�–�Ž�•�Š�œ�•�Š�•�’�Œ�1
�Š�—�•�1 �—�˜�—�–�Ž�•�Š�œ�•�Š�•�’�Œ�1 �–�ž�›�’�—�Ž�1 �–�Š�–�–�Š�›�¢�1 �Œ�Š�—�Œ�Ž�›�1 �Œ�Ž�•�•�1 �•�’�—�Ž�œ�ð�1 �›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�ü�1 � �Ž�›�Ž�1 �’�—�“�Ž�Œ�•�Ž�•�1 �’�—�•�˜�1 �•�‘�Ž�1
�™�˜�ž�Œ�‘�Ž�œ�ï�1��� �Ž�—�•�¢�1�‘�˜�ž�›�œ�1�•�Š�•�Ž�›�1�Œ�Ž�•�•�1�’�—���•�•�›�Š�•�Ž�œ�1� �Ž�›�Ž�1�‘�Š�›�Ÿ�Ž�œ�•�Ž�•�1�•�›�˜�–�1�•�‘�Ž�1�™�˜�ž�Œ�‘�Ž�œ�1�Š�—�•�1�œ�•�’�–�ž�•�Š�•�Ž�•�1
� �’�•�‘�1 �™�‘�˜�›�‹�˜�•�1 �–�¢�›�’�œ�•�Š�•�Ž�1 �Š�Œ�Ž�•�Š�•�Ž�1 �û�������ü�1 �™�•�ž�œ�1 �’�˜�—�˜�–�¢�Œ�’�—�1 �Š�—�•�1 �‹�›�Ž�•�Ž�•�•�’�—�1 ���ð�1 �Š�—�•�1 �’�—�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1
�•�Ž�Ÿ�Ž�•�œ�1�˜�•�1�’�—�•�Ž�›�•�Ž�ž�”�’�—�,�W�]�1� �Ž�›�Ž�1�•�Ž�•�Ž�›�–�’�—�Ž�•�1�‹�¢�1���˜� �1�Œ�¢�•�˜�–�Ž�•�›�¢�1�Š�—�Š�•�¢�œ�’�œ�ï�1���›�˜�–�1�•�‘�’�œ�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�1
it was concluded that interleukin-17 producing CD3 +�1 �Œ�Ž�•�•�œ�1 � �Ž�›�Ž�1 �œ�’�•�—�’���Œ�Š�—�•�•�¢�1 �‘�’�•�‘�Ž�›�1 �’�—�1 �•�‘�Ž�1
�•�›�˜�ž�™�1�•�›�Ž�Š�•�Ž�•�1� �’�•�‘�1�•�‘�Ž�1�Z�1���W�1�–�Ž�•�Š�œ�•�Š�•�’�Œ�1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�1�•�’�—�Ž�1�œ�ž�™�Ž�›�—�Š�•�Š�—�•�1�ý58].

2018: Our group adapted the air pouch model for the screening of antitumor properties of 
�•�‘�Ž�1 �‹�’�˜�,�Œ�˜�–�™�˜�ž�—�•�1 �������������������������1 �������ï�1 ���Ž�1 �’�—�•�ž�Œ�Ž�•�1 �•�‘�Ž�1 �Š�’�›�1 �™�˜�ž�Œ�‘�1 �–�˜�•�Ž�•�ð�1 �’�—�˜�Œ�ž�•�Š�•�Ž�•�1
���[�W�]�^���,���1�Œ�Š�—�Œ�Ž�›�1�Œ�Ž�•�•�œ�ð�1�Š�—�•�1�•�Ž�•�Ž�›�–�’�—�Ž�•�1�’�•�1�˜�ž�›�1�Œ�˜�–�™�˜�ž�—�•�1�’�—�•�Ž�›�•�Ž�›�Ž�•�1� �’�•�‘�1�•�ž�–�˜�›�1�’�–�™�•�Š�—�•�Š�•�’�˜�—�ï�1
���Ž�1�Œ�˜�—�Œ�•�ž�•�Ž�•�1�•�‘�Š�•�1�˜�ž�›�1�‹�’�˜�,�Œ�˜�–�™�˜�ž�—�•�1�‘�Š�œ�1�Š�—�•�’�•�ž�–�˜�›�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�ý59].

In our opinion the air pouch model is a valuable technique for the evaluation of compounds 
� �’�•�‘�1�Š�—�•�’�•�ž�–�˜�›�1�Š�—�•�1�•�ž�–�˜�›�,�™�›�Ž�Ÿ�Ž�—�•�’�Ÿ�Ž�1�Š�—�•�&�˜�›�1�•�ž�–�˜�›�,�Œ�‘�Ž�–�˜�™�›�Ž�Ÿ�Ž�—�•�’�Ÿ�Ž�1�™�›�˜�™�Ž�›�•�’�Ž�œ�ï�1���—�1Table 1, 
we summed the main advantages and disadvantages of the air pouch model for cancer as 
compared to in vitro cell culture.
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3. Air pouch methodology

���’�›�1�™�˜�ž�Œ�‘�1�’�—���Š�–�–�Š�•�’�˜�—�1�–�˜�•�Ž�•�ï

In general, a common process to induce air pouches is performed as follows:

1. ���•�Ž�›�’�•�Ž�1 �Š�’�›�1 �’�œ�1 �˜�‹�•�Š�’�—�Ž�•�1 �’�—�1 �Š�1 �•�Š�–�’�—�Š�›�1 ���˜� �1 �œ�•�Š�•�’�˜�—�1 �‹�¢�1 ���•�•�›�Š�•�’�˜�—�1 �•�‘�›�˜�ž�•�‘�1 �Š�1 ���’�•�•�’�™�˜�›�Ž�1 ���•�•�Ž�›�1
(0.22 µm) directly into a 10 mL syringe (Figure 2).

2. ���’�Ÿ�Ž�1�–�’�•�•�’�•�’�•�Ž�›�œ�1�˜�•�1�œ�•�Ž�›�’�•�Ž�1�Š�’�›�1�’�œ�1�’�—�“�Ž�Œ�•�Ž�•�1�œ�ž�‹�Œ�ž�•�Š�—�Ž�˜�ž�œ�•�¢�1�’�—�•�˜�1�•�‘�Ž�1�œ�‘�Š�Ÿ�Ž�•�1�œ�”�’�—�1�œ�’�•�Ž�1�˜�—�1�•�‘�Ž�1�‹�Š�Œ�”�1
of each mouse (Figure 3).

3. ���‘�Ž�1�™�˜�ž�Œ�‘�Ž�œ�1�Š�›�Ž�1�Š�•�•�˜� �Ž�•�1�•�˜�1�œ�Ž�4�•�Ž�1�•�˜�›�1�Y�1�•�Š�¢�œ�1�•�˜�1�™�Ž�›�–�’�•�1�•�‘�Ž�1�‘�Ž�Š�•�’�—�•�1�˜�•�1�•�‘�Ž�1� �˜�ž�—�•�ï�1���‘�Ž�1�™�˜�ž�Œ�‘�1
�’�œ�1�•�‘�Ž�—�1�›�Ž�’�—���Š�•�Ž�•�1� �’�•�‘�1�[�1�–���1�˜�•�1�œ�•�Ž�›�’�•�Ž�1�Š�’�›�1�Š�—�•�1�•�Ž�•�•�1�•�˜�›�1�Y�1�–�˜�›�Ž�1�•�Š�¢�œ�1�‹�Ž�•�˜�›�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�œ�ï

4. ���—�1�•�Š�¢�1�^�ð�1�•�‘�Ž�1�™�˜�ž�Œ�‘�Ž�œ�1�˜�•�1�•�‘�Ž�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�Š�•�1�•�›�˜�ž�™�œ�1�Š�›�Ž�1���•�•�Ž�•�1� �’�•�‘�1�—�Ž�Œ�Ž�œ�œ�Š�›�¢�1�•�˜�œ�Ž�œ�1�˜�•�1�•�‘�Ž�1
compound to test, according to our requirements.

Table 1. Comparison between the in vitro and the in vivo air pouch model cell line culturing and drug discovery.
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Note:�1���—���Š�–�–�Š�•�˜�›�¢�1�Š�•�Ž�—�•�œ�1�Œ�˜�–�–�˜�—�•�¢�1�ž�œ�Ž�•�1�•�˜�1�’�—�•�ž�Œ�Ž�1�•�‘�Ž�1�’�—���Š�–�–�Š�•�’�˜�—�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�Š�›�Ž�1
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�™�Ž�•�•�Ž�•�œ�1�˜�•�1�Œ�˜�–�™�›�Ž�œ�œ�Ž�•�1�Œ�˜�4�˜�—�ð�1�Œ�˜�•�•�Š�•�Ž�—�ð�1�’�—�Œ�˜�–�™�•�Ž�•�Ž�1���›�Ž�ž�—�•���œ�1�Š�•�“�ž�Ÿ�Š�—�•�ð�1�Š�—�•�1�™�Š�™�Š�¢�Š�1�•�Š�•�Ž�¡�1�ý60].

Figure 2.�1���•�Ž�™�,�‹�¢�,�œ�•�Ž�™�1�œ�•�Ž�›�’�•�Ž�1�Š�’�›�1 ���•�•�›�Š�•�’�˜�—�1�’�—�1�•�Š�–�’�—�Š�›�1 ���˜� �1 �‘�˜�˜�•�ï�1���1 �œ�•�Ž�›�’�•�Ž�1�œ�¢�›�’�—�•�Ž�1�•�‘�Š�•�1 �Œ�Š�—�1�Œ�˜�—�•�Š�’�—�1�[�1 �–���1 �˜�•�1 �Š�’�›�1 �Š�—�•�1 �Š�1
�V�ï�X�1�•�–�1���•�•�Ž�›�1�û���ü�1�™�Š�Œ�”�Š�•�Ž�œ�1�’�œ�1�˜�™�Ž�—�Ž�•�1�’�—�œ�’�•�Ž�1�Š�1�•�Š�–�’�—�Š�›�1���˜� �1�‘�˜�˜�•�1�û���ü�ð�1�•�‘�Ž�1�œ�¢�›�’�—�•�Ž�1�’�œ�1�Œ�Š�›�Ž�•�ž�•�•�¢�1�›�Ž�–�˜�Ÿ�Ž�•�1�û���ü�ð�1�•�‘�Ž�1�—�Ž�Ž�•�•�Ž�1�’�œ�1
�•�Ž�•�Š�Œ�‘�Ž�•�1�û���ü�ð�1�•�‘�Ž�1�œ�¢�›�’�—�•�Ž�1�’�œ�1�Š�4�Š�Œ�‘�Ž�•�1�•�˜�1�•�‘�Ž�1���•�•�Ž�›�1�û���ü�ð�1�Š�—�•�1�[�1�–���1�˜�•�1�Š�’�›�1�’�œ�1�•�˜�Š�•�Ž�•�1�’�—�•�˜�1�•�‘�Ž�1�œ�¢�›�’�—�•�Ž�1�û���ü�ï

Figure 3.�1���’�›�1�™�˜�ž�Œ�‘�1�•�˜�›�–�Š�•�’�˜�—�ï�1���‘�Ž�1�›�˜�•�Ž�—�•�1�‹�Š�Œ�”�1�’�œ�1�œ�‘�Š�Ÿ�Ž�•�1�û���ü�ò�1�•�‘�Ž�1�Š�—�’�–�Š�•�1�’�œ�1�‘�Ž�•�•�ð�1�Š�—�•�1�Š�’�›�1�’�œ�1�’�—�“�Ž�Œ�•�Ž�•�1�œ�ž�‹�Œ�ž�•�Š�—�Ž�˜�ž�œ�•�¢�1�’�—�•�˜�1
�•�‘�Ž�1�‹�Š�Œ�”�1�û���ü�ò�1�Š�—�•�1�Š�’�›�1�™�˜�ž�Œ�‘�1�’�—���Š�•�’�˜�—�1�’�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�û���1�Š�—�•�1���ü�ï�1���‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�Œ�˜�–�™�•�Ž�•�Ž�•�¢�1�•�˜�›�–�Ž�•�1�û���ü�ï
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���’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�’���Ž�•�1�•�˜�›�1�•�ž�–�˜�›�1�’�—�•�ž�Œ�•�’�˜�—

1. ���—�œ�’�•�Ž�1�•�‘�Ž�1�•�Š�–�’�—�Š�›�1���˜� �1�‘�˜�˜�•�ð�1�[�1�–���1�˜�•�1�Š�’�›�1�’�œ�1�Œ�‘�Š�›�•�Ž�•�1�’�—�•�˜�1�Š�1�œ�•�Ž�›�’�•�Ž�1�œ�¢�›�’�—�•�Ž�1�•�‘�›�˜�ž�•�‘�1�Š�1�V�ï�X�1�•�–�1
���•�•�Ž�›�1�û�•�˜�1�Š�Ÿ�˜�’�•�1�Š�—�¢�1�Œ�˜�—�•�Š�–�’�—�Š�—�•�1�™�Š�›�•�’�Œ�•�Ž�œ�ü�1�ûFigure 2).

2. The animal back is shaved and sprayed with alcohol (70%). The animal is hold by the 
�œ�Œ�›�ž���1 �Š�—�•�1 �•�Š�’�•�1 �û�Š�œ�1 �œ�‘�˜� �—�1 �’�—�1Figure 2B�ü�ð�1 �Š�—�•�1 �•�‘�Ž�1 �œ�•�Ž�›�’�•�Ž�1 �Š�’�›�1 �’�œ�1 �’�—�“�Ž�Œ�•�Ž�•�1 �œ�ž�‹�Œ�ž�•�Š�—�Ž�˜�ž�œ�•�¢�1
using a 21G × 1 ¼ caliber needle. The formation of the air pouch is immediately observed 
(Figure 3).

3. ���•�•�Ž�›�1�]�X�1�‘�˜�ž�›�œ�1�•�‘�Ž�1�™�›�˜�Œ�Ž�•�ž�›�Ž�1�’�œ�1�›�Ž�™�Ž�Š�•�Ž�•�1�˜�—�Œ�Ž�1�Š�•�Š�’�—�1�•�˜�1�Š�Ÿ�˜�’�•�1�•�’�œ�’�—���Š�•�’�˜�—�ï�1���ž�–�˜�›�1�Œ�Ž�•�•�œ�1�Š�›�Ž�1
inoculated 48 hours after the air pouch induction ( Figure 4A ).

���›�˜�•�˜�Œ�˜�•�1�W�ñ�1���’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�•�˜�›�1�•�ž�–�˜�›�1�’�–�™�•�Š�—�•�Š�•�’�˜�—

1. ���’�Š�‹�•�Ž�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�1�’�—�1�W�V�V�1�•���1�˜�•�1�™�‘�˜�œ�™�‘�Š�•�Ž�,�‹�ž���Ž�›�Ž�•�1�œ�Š�•�’�—�Ž�1�Š�›�Ž�1�’�—�“�Ž�Œ�•�Ž�•�1�œ�ž�‹�Œ�ž�•�Š�—�Ž�˜�ž�œ�•�¢�1�’�—�•�˜�1
�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�ž�œ�’�—�•�1�Š�1�Y�V�	�1�¼�1�W�&�X�1�Œ�Š�•�’�‹�Ž�›�1�—�Ž�Ž�•�•�Ž�ï Cell number varies depending on the cell 
line.

2. Treatment administration begins 24 hours later. Treatment administration scheme depends 
�˜�—�1�•�‘�Ž�1�•�Ž�œ�•�Ž�•�1�•�›�ž�•�ï�1���Ž�1�›�Ž�Œ�˜�–�–�Ž�—�•�1�Š�•�•�’�—�•�1�Š�1�•�›�˜�ž�™�1�•�›�Ž�Š�•�Ž�•�1� �’�•�‘�1�™�•�Š�Œ�Ž�‹�˜�1�û�’�—�“�Ž�Œ�•�Š�‹�•�Ž�1�œ�˜�•�ž-
tion) and with the reported treatment (e.g., chemotherapy), as positive and negative tumor 
growth controls, respectively.

3. ���˜�›�1�•�‘�Ž�›�Š�™�¢�1�Ž�Ÿ�Š�•�ž�Š�•�’�˜�—�ð�1�–�’�Œ�Ž�1�Š�›�Ž�1�œ�Š�Œ�›�’���Œ�Ž�•�1�Š�•�•�Ž�›�1�_�1�•�Š�¢�œ�1�˜�•�1�•�›�Ž�Š�•�–�Ž�—�•�ð�1�Š�—�•�1�•�ž�–�˜�›�1�’�œ�1�›�Ž�œ�Ž�Œ�•�Ž�•�1
(Figure 4B) and can be stained with hematoxylin and eosin (Figure 4C).

���›�˜�•�˜�Œ�˜�•�1�X�ñ�1���’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�•�˜�›�1�•�ž�–�˜�›�1�™�›�˜�•�›�Ž�œ�œ�’�˜�—

1. ���’�Š�‹�•�Ž�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�1�’�—�1�W�V�V�1�•���1�˜�•�1�™�‘�˜�œ�™�‘�Š�•�Ž�,�‹�ž���Ž�›�Ž�•�1�œ�Š�•�’�—�Ž�1�Š�›�Ž�1�’�—�“�Ž�Œ�•�Ž�•�1�œ�ž�‹�Œ�ž�•�Š�—�Ž�˜�ž�œ�•�¢�1�’�—�•�˜�1
�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�ž�œ�’�—�•�1�Š�1�Y�V�	�1�¼�1�W�&�X�1�Œ�Š�•�’�‹�Ž�›�1�—�Ž�Ž�•�•�Ž�ï�1���Ž�•�•�1�—�ž�–�‹�Ž�›�1�Ÿ�Š�›�’�Ž�œ�1�•�Ž�™�Ž�—�•�’�—�•�1�˜�—�1�•�‘�Ž�1�Œ�Ž�•�•�1
line.

2. Treatment administration begins 7 days after tumor inoculation (days can vary depending 
on tumor growth characteristics). Treatment administration scheme depends on the tested 
�•�›�ž�•�ï�1���Ž�1�›�Ž�Œ�˜�–�–�Ž�—�•�1�Š�•�•�’�—�•�1�Š�1�•�›�˜�ž�™�1�•�›�Ž�Š�•�Ž�•�1� �’�•�‘�1�™�•�Š�Œ�Ž�‹�˜�1�û�’�—�“�Ž�Œ�•�Š�‹�•�Ž�1�œ�˜�•�ž�•�’�˜�—�ü�1�Š�—�•�1� �’�•�‘�1
the reported treatment group (e.g., chemotherapy), as positive and negative tumor growth 
controls, respectively.

3. ���˜�›�1�•�‘�Ž�›�Š�™�¢�1�Ž�Ÿ�Š�•�ž�Š�•�’�˜�—�ð�1�–�’�Œ�Ž�1�Š�›�Ž�1�œ�Š�Œ�›�’���Œ�Ž�•�1�Š�•�•�Ž�›�1�X�W�1�•�Š�¢�œ�1�˜�•�1�•�›�Ž�Š�•�–�Ž�—�•�ï

Note: For each experiment design, it is important to take into consideration variables that 
could alter the results, such as animal age and sex, and treatment administration.

Animal age: �1���1�œ�•�ž�•�¢�1�™�Ž�›�•�˜�›�–�Ž�•�1�‹�¢�1���Š�Œ�”�œ�˜�—�1�Ž�•�1�Š�•�ï�1�›�Ž�Ÿ�Ž�Š�•�Ž�•�1�•�‘�Š�•�1�•�‘�Ž�›�Ž�1�’�œ�1�Š�1�•�’�œ�Œ�›�Ž�™�Š�—�Œ�¢�1�˜�—�1�•�‘�Ž�1
age of rodents used for neuroscience, immunology, cancer, genetics, physiology, and toxicol-
ogy research. The age can vary from 2 to 160 weeks, and 8 to 12 weeks old are the most used. 
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The appropriate age range of the rodents depends on the experiment and relevant age for 
�‘�ž�–�Š�—�1�•�’�œ�Ž�Š�œ�Ž�ï�1���˜�›�1�Ž�¡�Š�–�™�•�Ž�ð�1�Y�,�1�•�˜�1�\�,�–�˜�—�•�‘�1���[�]�����\�&���1�–�˜�ž�œ�Ž�1�’�œ�1�Œ�˜�–�™�Š�›�Š�‹�•�Ž�1� �’�•�‘�1�X�V�.�Y�V�1�‘�ž�–�Š�—�1
years, 10–14 months compares to 38–47 human years, and 18–24 months compares to 56–69 
�‘�ž�–�Š�—�1�¢�Ž�Š�›�œ�1�ý61].

Animal sex: �1���‘�’�œ�1�Œ�Š�—�1�Š�•�œ�˜�1�Š���Ž�Œ�•�1�•�‘�Ž�1�•�‘�Ž�›�Š�™�¢�1�˜�ž�•�Œ�˜�–�Ž�ï�1���‘�’�œ�1�’�œ�1�™�Š�›�•�’�Œ�ž�•�Š�›�•�¢�1�•�›�ž�Ž�1�•�˜�›�1�•�Š�›�•�Ž�•�Ž�•�1
�•�‘�Ž�›�Š�™�’�Ž�œ�ð�1�Š�—�•�1�’�•�1�‘�Š�œ�1�‹�Ž�Œ�˜�–�Ž�1�Š�1�›�Ž�š�ž�’�›�Ž�–�Ž�—�•�1�•�˜�›�1�Š�—�¢�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�1�•�˜�›�1�•�‘�Ž�1���Š�•�’�˜�—�Š�•�1���—�œ�•�’�•�ž�•�Ž�œ�1�˜�•�1
�
�Ž�Š�•�•�‘�1�û�����
�ü�1�•�˜�1�›�Ž�™�˜�›�•�1�•�‘�Ž�1�–�Š�•�Ž�1�Š�—�•�1�•�Ž�–�Š�•�Ž�1�›�Š�•�’�˜�1�’�—�1�™�›�Ž�Œ�•�’�—�’�Œ�Š�•�1�œ�•�ž�•�’�Ž�œ�1�ý62]. Genes encoded by 
�•�‘�Ž�1���1�Œ�‘�›�˜�–�˜�œ�˜�–�Ž�1�’�—�Œ�•�ž�•�Ž�1�’�—���Š�–�–�Š�•�˜�›�¢�1�™�Š�•�‘� �Š�¢�1�•�Ž�—�Ž�œ�ð�1� �‘�’�•�Ž�1���1�Œ�‘�›�˜�–�˜�œ�˜�–�Ž�1�Ž�—�Œ�˜�•�Ž�œ�1�•�Ž�—�Ž�œ�1
for Toll-like receptors, cytokine receptors, and transcriptional and translational regulator 
�•�Ž�—�Ž�œ�ï�1���•�•�‘�˜�ž�•�‘�1���1�Œ�‘�›�˜�–�˜�œ�˜�–�Ž�1�’�œ�1�™�›�Ž�œ�Ž�—�•�1�’�—�1�‹�˜�•�‘�1�œ�Ž�¡�Ž�œ�ð�1�•�Ž�–�Š�•�Ž�1���1�™�˜�•�¢�–�˜�›�™�‘�’�œ�–�1�Š�•�•�˜� �œ�1�•�˜�›�1
mosaicism and randomly silenced alleles. It has been observed that male sex leads to data alter-
�Š�•�’�˜�—�1�’�—�1�™�‘�Š�›�–�Š�Œ�˜�•�˜�•�¢�1�Š�—�•�1�—�Ž�ž�›�˜�œ�Œ�’�Ž�—�Œ�Ž�ð�1�Š�—�•�1�•�Ž�–�Š�•�Ž�1�œ�Ž�¡�1�Š���Ž�Œ�•�œ�1�’�–�–�ž�—�˜�•�˜�•�¢�1�›�Ž�œ�ž�•�•�œ�1�ý62, 63].  
���‘�Ž�1���Š�•�’�˜�—�Š�•�1���—�œ�•�’�•�ž�•�Ž�œ�1�˜�•�1�
�Ž�Š�•�•�‘�1�û�����
�ü�1�Š�—�—�˜�ž�—�Œ�Ž�•�1�’�—�1���Š�¢�1�X�V�W�Z�1�•�‘�Š�•�1�•�‘�Ž�¢�1���›�Ž�š�ž�’�›�Ž�1�Š�™�™�•�’�Œ�Š�—�•�œ�1
to report their plans for the balance of male and female cells and animals in preclinical studies 
�’�—�1�Š�•�•�1�•�ž�•�ž�›�Ž�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ���1�ý62].

Therapy administration:  Carcinogenesis is described as a three-stage process, initiation, 
promotion, and progression. Compounds that prevent or delay any stage of carcinogenesis 
�Š�›�Ž�1�Œ�Š�•�•�Ž�•�1�Œ�‘�Ž�–�˜�™�›�Ž�Ÿ�Ž�—�•�’�Ÿ�Ž�1�Š�•�Ž�—�•�œ�ï�1���‘�Ž�–�˜�™�›�Ž�Ÿ�Ž�—�•�’�˜�—�1�’�œ�1�•�Ž���—�Ž�•�1�Š�œ�1�•�‘�Ž�1�ž�œ�Ž�1�˜�•�1�Œ�˜�–�™�˜�ž�—�•�œ�1�•�˜�1
reduce the risk or delay the development of cancer or to avoid its recurrence. Bio-compounds 
such as food-derived polyphenols, usually inhibit initiation and promotion, of induced can -
�Œ�Ž�›�ð�1�Š�—�•�1�•�‘�Ž�›�Ž�•�˜�›�Ž�1�Š�›�Ž�1�Œ�˜�—�œ�’�•�Ž�›�Ž�•�1�Œ�‘�Ž�–�˜�™�›�Ž�Ÿ�Ž�—�•�’�Ÿ�Ž�1�Š�•�Ž�—�•�œ�1�ý64]. When testing antitumor activ -
ity of natural or synthetic compounds, highly variable results can be obtained based on the 
type of tumor, the administration dose and frequency, and the evaluation parameters: tumor 
incidence, growth, or metastasis. Therefore, the purpose and parameters of the preclinical 
�•�Ž�œ�•�’�—�•�1�–�ž�œ�•�1�‹�Ž�1�Œ�•�Ž�Š�›�•�¢�1�•�Ž���—�Ž�•�1�ý65].

Figure 4. Tumor cell inoculation into the air pouch. 1 × 106�1�Ÿ�’�Š�‹�•�Ž�1�Z�1���W�1�Œ�Ž�•�•�œ�1�’�—�1�W�V�V�1�•���1�˜�•�1�������1� �Ž�›�Ž�1�’�—�˜�Œ�ž�•�Š�•�Ž�•�1�’�—�•�˜�1�Š�—�1�Š�’�›�1
�™�˜�ž�Œ�‘�1�û���ü�ï�1���‘�Ž�1�–�˜�ž�œ�Ž�1� �Š�œ�1�œ�Š�Œ�›�’���Œ�Ž�•�1�W�X�1�•�Š�¢�œ�1�Š�•�•�Ž�›�1�•�˜�›�1�•�ž�–�˜�›�1�Ž�Ÿ�Š�•�ž�Š�•�’�˜�—�ï�1���‘�Ž�1�œ�”�’�—�1�•�›�˜�–�1�•�‘�Ž�1�Š�’�›�1�™�˜�ž�Œ�‘�1�û���ü�1�Š�—�•�1�•�ž�–�˜�›�1�û���ü�1
were detached (the arrow points to the tumor). Tumor sections were stained with hematoxylin and eosin (C).
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4. Suggested evaluation parameters

Angiogenesis: �1���—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�’�œ�1�Š�1�™�‘�¢�œ�’�˜�•�˜�•�’�Œ�Š�•�1�™�›�˜�Œ�Ž�œ�œ�1�•�‘�Š�•�1�›�Ž�•�Ž�›�œ�1�•�˜�1�—�Ž� �1�‹�•�˜�˜�•�1�Ÿ�Ž�œ�œ�Ž�•�1�•�˜�›�–�Š-
tion. In the tumor microenvironment, angiogenesis is over-induced to sustain tumor growth and 
metastasis. The vascular endothelial factor is one of the parameters used to evaluate angiogen-
�Ž�œ�’�œ�ï�1���‘�’�œ�1�•�Š�Œ�•�˜�›�1�’�—�•�ž�Œ�Ž�œ�1�Š�—�•�’�˜�•�Ž�—�Ž�œ�’�œ�ð�1�Š�—�•�1�’�•�1�’�œ�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1�’�—�1�•�ž�–�˜�›�1�Š�—�•�1�•�ž�–�˜�›�,�Š�•�“�Š�Œ�Ž�—�•�1�œ�•�›�˜�–�Š�1
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���Š�—�Œ�Ž�›�,�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1 ���‹�›�˜�‹�•�Š�œ�•�œ�1 �û�������œ�ü�ñ Fibroblasts are the most abundant cells of the con-
nective tissue; they produce collagen for the extracellular matrix and are involved in wound 
healing. In the tumor microenvironment (TME), cancer cells and other stroma cells induce 
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pressor immune cells]; vascular endothelial growth factor; and interleukin-6, among others. 
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into kynurenine, a metabolite with immunosuppressive properties. IDO1 is overexpressed in 
more than 50% of all tumors. Increased levels of IDO1 correlate with the decrease of natural 
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cells, and myeloid-derived suppressor cells. IDO1 also correlates with tumor progression and 
multidrug resistance. It is therefore considered a tumor progression biomarker and a promis -
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ity complex expression on antigen-presenting cells, promotes natural killer activity, increases 
antigen presentation and lysosome activity of macrophages, activates inducible nitric oxide 
synthase, induces production of IgG by plasma cells, promotes adhesion required for leuko-
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Lipid rafts: �1 ���‘�˜�•�Ž�œ�•�Ž�›�˜�•�1 �Š�—�•�1 �œ�™�‘�’�—�•�˜�•�’�™�’�•�œ�1 �•�˜�›�–�1 �œ�™�Ž�Œ�’���Œ�1 �•�˜�–�Š�’�—�œ�1 �•�Ž�›�–�Ž�•�1 �•�’�™�’�•�1 �›�Š�•�•�œ�1 �•�‘�Š�•�1
regulate receptor-ligand interactions. In cancer cells, signaling protein and pro-oncogenic 
receptor activation correlates with their location inside the lipid rafts; disruption of lipid 
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that promote cholesterol synthesis are altered in most tumors�1�ý72]. Lipid rafts can be mea-
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teins inducing oxidative stress and cell death. Liver toxicity must be evaluated in early phase 
or preclinical studies of any drug and can be assessed by transcriptomics, cellular respiration, 
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glutamic pyruvic transaminase, alkaline phosphatase).
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and CCL5, therefore promoting cancer stemness and metastasis; furthermore, they have been 
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Western blot, and immunohistochemistry.
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immune system. In response to various stimuli, macrophages shift their phenotype to M1 or 
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and indoleamine 2,3-dioxygenase and CCL17, CCL18, and CCL22, which are chemotactic 
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immunohistochemistry.
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S, G2, and mitosis), except for the resting phase (G0), often correlate with tumor growth and 
�™�›�˜�•�›�Ž�œ�œ�’�˜�—�1�ý77]. Tumor growth can be measured with a caliper (volume), or weighted after 
�›�Ž�–�˜�Ÿ�Š�•�ð�1�˜�›�1�•�Ž�•�Ž�›�–�’�—�Š�•�’�˜�—�1�˜�•�1�
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microscopy, Western blot, and immunohistochemistry.

5. Conclusion
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microenvironment context; however, in vitro  models do not include all of its components. 
Therefore, the improvement of cancer models is considered a priority for the current drug 
�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�ý55].

���—�1�•�‘�Ž�1�Œ�ž�›�›�Ž�—�•�1�Œ�‘�Š�™�•�Ž�›�ð�1� �Ž�1�™�›�˜�™�˜�œ�Ž�1�Š�1�–�˜�•�’���Ž�•�1�Š�’�›�1�™�˜�ž�Œ�‘�1�–�˜�•�Ž�•�1�Š�œ�1�Š�—�1�Š�•�•�Ž�›�—�Š�•�’�Ÿ�Ž�1�˜�›�1�Œ�˜�–�™�•�Ž-
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biomaterial compatibility, and of course cancer development and treatment.

The air pouch model allows the administration of higher volumes of chemotherapy alone or 
combined with other treatment modalities, including targeted therapy, immunotherapy, and 
�‹�’�˜�•�˜�•�’�Œ�Š�•�1 �Œ�˜�–�™�˜�ž�—�•�œ�ð�1�•�˜�1 �•�Ž�•�Ž�›�–�’�—�Ž�1�œ�’�—�•�•�Ž�1 �˜�›�1 �Œ�ž�–�ž�•�Š�•�’�Ÿ�Ž�1 �Š�—�•�’�•�ž�–�˜�›�1 �Ž���Ž�Œ�•�œ�ð�1 �œ�’�–�ž�•�Š�•�’�—�•�1 �•�‘�Ž�1
true clinical condition and treatment.
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