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����Ƶŵźĩ�ƁŹřżĭ�ƶƘƫŚƐƯ�ƲƿŶƴģ�ƶĩ������ƶºƬůźƯ�ƶºĩ�ŶºƳř�į������ƶºŝ�ŻŚºƟźŤƴƿř
���ŵŚºŬƿř�ƩŚºƘƟ�šŹƺƇ��ƾºƯ���ºŝ�ƹ�ŵƺºƃƶ��ºƏƱƹŹŵ�Źƺ�ƶºŬǀŤƳ��ŵřŻ��į�

ƳŚĪƯƮƀǀ�ŚƷƾƯ�ŵŹŵ�ƵŶƴƴĩ�ƞƣƺŤƯ�ƽ��ŶƃŚŝ�æç���ƱƺƯŻō�ƫŚƯźƟǀƲ 

ƽřźŝ�ƾſŹźŝ�ƮƀǀƳŚƨƯ ŵŚŬƿř�ŵŹŵ�ƹ �ƶºƘƫŚƐƯ�į��źºŧř��ŶºƋ�ŵŹŵƽ 
šŚŞǀƧźţ�ŵźŝŹŚĩ�ƾƳřƹřźƟ�ŵŹřŵ��ÎÑƹÎÐ�� ���

źŤƸŝƿ��řźŝ�ƩŶƯ�Ʋƽ�Ƙţ�ǀǀ���������ƫŚºƯźƟ�Ţƀºţ�Ĩºƃ�ƱƹŶŝ��ŵŚů�ŵŹŵ�Ʋǀ�Ʋ
Ţſř��Źżţƿ�ƫŚƯźƟ�Ƣǀ�ŴſŚě�Ʋƾ��ŻŚƟ�ƹŵ�ƽ�ř�ƿ���ºƯ�ŵŚºŬƾ���Ŷºƴĩ����ŲºſŚě
ƫƹřǀ�����ƳĥƹŹƺƳ�ŵŹŵ�Śŝ�ƎŞţźƯ�ƶĩ�ƶ�ºǀ���ŚºƷƹŹřŵ�ƶºŝ��Ƶŵƺºŝ�Ĩƾƿ���Śºŝ�ƶºĩ�
ſǀ�ěƹř�ƮŤƀǀŗƺǀŶƽ�Ư�ǀ�Ư�ƂƴĪƳŚƾ�����������ŲºſŚě�ƹ�Ţºſř�ŽŚƀºů�ŶºƴƷŵ

ƺƳŚŧƿ�����ƎŞţźºƯ�ƶĩ�ƶ���ŲºſŚě�Śºŝ���ŚºƷƽ���ŝŚºƸŤƫř�ŵŹŵ�ƾ������Ǝºſƺţ�ƹ�Ţºſř�
ŚƷƹŹřŵƽ����Ư�ŹŚƸƯ�ŵŹŵ�ŶƋ�ƾ���ŵŵźºĭ��æê����ŚºƷƹŹřŵƾƿ�����ŚţŶºưƗ�ƶºĩ�

ƶŝ���ŚƷŵŹŵ�ŶƋ�ƱřƺƴƗƽ�żĩźƯ�ƽ��Ư�ƪưƗ�ƾ�������źºƷ�ŹŚºƸƯ�ƶºŝ�ŹŵŚƣ��Ŷƴƴĩ
����ƫŚů�Źŵ��ŶƴŤƀƷ�ŻŚƟ�ƹŵƾ��ŚƷƹŹřŵ�ƶĩ�ƽ�řŹřŵ�ƽ���ŰƯ�ŵźºĪƬưƗ�ǀ�ºƐƾ��

��ƺƳŚŧ�ŻŚƟ�ƎƤƟƿ���Ư�ŹŚƸƯ�řŹ�ƶƾ��ŚưƳƿ��Ŷƴ�æìƹæë���������ř�ƶºŝ�ƶºūƺţ�Śºŝ�ºƿ�Ʋ
ƹƿĭĦƾ���ř�Źŵ�ŚƷƿ�����ºſŹźŝ�ŹƺƔƴƯ�ƶŝ�ƶƘƫŚƐƯ�Ʋƾ�����ŵŹŵ�ŶºƋ�šřźºŧř�ƽ�

���ƵŹŚƈƗ�ƲƯżƯ�ƹ�ŵŚů�į�ƷǀƹŹŶ�ƬĪƫř�ƾ�ĭ�ǀƵŚ��ƶƴƄºţ���Źřŵƽ����ƱƺºƯŻō�Żř�
ƫŚƯźƟǀŹƺſ�ƁƺƯ�Źŵ�ƲƽŶƃ�ƵŵŚƠŤſř����
��

ƁƹŹƾſŹźŝ���
�����ůǀ�ŚƯŻō�šŚƳřƺƿƷŚĮƄƾ���ř�Źŵƿ���ƶƘƫŚƐƯ�Ʋ��Żřéå�ƁƺƯ��Źƺſƽ�
��źƳ��źƤţ�ƱŻƹ�ŚŝƿŞƾ�çêŚţèå�����ƵŵŚƠŤºſř�ƭźĭ�Ŷºƃ�����ƶƀºſƺƯ�Żř�ƶºĩ��į�
ŻřŹƽ��ũźĩ�ħŹŚƈů��źų�ƿŹřŶƽ�ŶƳŶƃ���ůǀ���ŚºƯŻō�ŵŹƺƯ�šŚƳřƺƿ�Ƃ

�ƣŚţř�Źŵƾ��ŚƯŵ�Śŝ�ƽ�çç�ƶūŹŵ���ƾŤƳŚſ�į�ŵřźĭ�ƹ�ƵŹƹŵ�į�æç�ŤƗŚſ�ƶ�į�
ŹŚţƿĪƾ��ŚƴƃƹŹ�ƾƿ�ŹřŶƸĮƳ�ƽ�ŶƳŶƃ��ƹ����Źŵ��šŶƯ�Ʋƿř�ƩƺƏƶŝ���ŹƺƏ

���ƹ�śō�ƶŝ�ƶƳřŵřŻō��ſźŤſŵ�řŸƛƾ�Ťƃřŵ�Ŷƴ����šŚƄºƿŚƯŻō�ƭŚưţ��Ǝºſƺţ�
ƶŤǀưĩ�į��ƵŶĪƄƳřŵ�ƾƣǈųř�į�ƾĪºƃżě�ƭƺƬƗ��ƹżºƣ�ƿƲ���Ŷºƃ�ŶºǀƿŚţ��

ƂƿŚƯŻō��ŚƷ���ƽŚưƴƷřŹ�ŽŚſř�źŝ����ƶƀºſƺƯ�ƾºƣǈųř�į�Ʋǀºŝ����ƾºƬƬưƫř
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��

ƶƘƫŚƐƯ�į���ŶƳŶƃ�ƭŚŬƳř�ŵŹŵ���ƶưƷ�įƁǈţ��ŚƷ�ƶĩ�ŵƺŝ�ŚŤſřŹ�Ʋƿř�Źŵ�
����������ŵřŶºƘţ�żºǀƳ�ƹ�ŽźŤſř�ƹ�ŵŹŵ�ŮƐſ�ƁƺºƯ���ŚºƷƽ����ƵŵŚƠŤºſř�ŵŹƺºƯ�

��ƂƷŚĩŶŝŚƿ��ƁƺƯ��ŚƷ��ƶŝê�Ƶƹźĭ�í�ŚţƾƿƀƤţ�ǀŶƳŶƃ�Ʈ�ºŝ�ƹ��ƶ��żºū
��ƩźºŤƴĩ�Ƶƹźºĭ��Ƥŝ�ƶºŝ��ºǀƶ�ƽƁƺººƯ���ŚºƷ�ƵŹŚƈºƗ��ƽƷ��ºǀººƬĪƫř�ƹŹŶƾ�

ƶƴƄţ�Źřŵƽ�Źżţƿ�Ŷƃ�Ƣ������ƭŚŬƳř�Żř�žě�ƯŚưţƾ�ŚƯŻō�ƿ���ƹŹ�źºŝ�šŚƄƽ�
ůǀ�ƯŚưţ��šŚƳřƺƾ�Ʊō��ŚƷ��ƶºŝ�ţźţ�ºǀ������ŻŚºĭ�Ǝºſƺţ�ŜCO2���ƹ�ƶŤƄºĩ�

ŶƳŶƃ�ƭƹŶƘƯ���
ĭ�ƵŹŚƈººƗººǀźƽ��ƵŹŚƈººƗ�įººŝō�ƾ�ººƬĪƫř�ƾ��ƷººǀƬĪƫřƹŹŶƾ���� �

æåå���ƭźĭ����Y�ĭ�ŹŵƺěǀƵŚ�ƶƴƄţ�Źřŵƽ��Źŵêååſ�ƾ�ſƾ��ƹ�źºƐƤƯ�śō�
êåå�ſ�ƾ�ſƾ���ƩƺƳŚţř�îë���Ź�ŶºƇŹŵ�ƿ�ƶºŤŴ��Ŷºƃ���Źŵ�ƹ���ƲƫŚºŝ��çååå�
ſƾ�ſƾ�ƶŝ����šŶƯìç��Źŵ�ŢƗŚſ��ŚƯŵ�ƽ�ŚƯŻō��ºƿ��ƵŚĮƄ�çç��ƶºūŹŵ��į�

ŤƳŚſƾ�ŵřźĭ����Źřźƣ�Ŷƃ�Ƶŵřŵ��ŝ���Żř�ŶƘìç�����ƝŚºƇ�řŹ�ƩƺºƬŰƯ�ŢƗŚſ�
ƵŵƺưƳ������ƟŚºƇ�ŸºƛŚĩ�Śŝƾ����Źŵ�ƹ�ºƿ�řŹřŵ�ƹ�ƲƫŚºŝ�Ĩƽ��ƵŚºţƺĩ�ƶºƫƺƫ��

�ūƹźųƾ��������ř�Żř�ŶºƘŝ�ƹ�Ƶŵřŵ�Źřźƣƿ������ŵźĭ�ƝŚºƇ�ƩƺºƬŰƯ�ƶºĪƴ�ºƿ��Ŷ
��Ɵ�ƶƬƇŚů�ƩƺƬŰƯǀ��źŤƬŶƃ�žĜſ����ŹŚƯ�Ʋŝ�ƪųřŵ�Źŵƽ����śō�ƭŚºưů�

Źŵ�ƁƺººūšŹřźººů��êåƶººūŹŵ��įŤƳŚººſ�ƾ�ŵřźººĭ��Źřźººƣ�ŢººƟźĭ��
ƯŚĮƴƷƾ���ƬƜţ�ƩƺƬŰƯ�ƶĩ�ǀ���Ʊō��Ŷºƃ�ƒ������Ƭě�ƪºųřŵ�ƶºŝ�řŹ�ºǀ���ƪºƤŤƴƯ�Ţ

�������šŹřźů�Źŵ�ŹƺţŚŝƺĪƳř�Źŵ�ƹ�ƵŵƺưƳêå�ƶūŹŵ��į�ŤƳŚſ�ƾ�ŵřźĭ���Źřźºƣ
�Ŷƃ�Ƶŵřŵ��ƵŹŚƈƗ�Śţ��į�Ʒ�ǀƬĪƫřƹŹŶƾ�ĭ�ǀ��ƵŚƶƴƄţ�Źřŵƽ���ŵƺºƃ�ĨƄų��

ƯǀƱřż�ƵŹŚƈƗ�į�ƶŤƟźĭ�ƵŶƃ�Żř�ÎÍÍ�ƭźĭ�Źŵƺě�Ò�ÎÎ�ƭźĭ�ŵƺŝ�ƶĩ�
Żř�Źŵƺě�ƪƇŚů�źŝřƽ�Ƹţ�ºǀƶ�į��ŚºƷŻƹŵƽ�ÎÒÍ��ÐÍÍ��ÓÍÍ�ƹ�ÖÍÍ�
ƯǀƬƾ�ƭźĭ�ĩǀƭźĭƺƬ�ƵŵŚƠŤſř�Ŷƃ��ŚƴưƋ�řźŝƽ�Ƹţǀƶ�į�ƩƺƬŰƯ���ŚºƷ�Żř�

ƩŚƯźƳ�ƫŚſǀƲ�Ö�Í�ŶƇŹŵ��ƵŵŚƠŤſř�Ŷƃ�������Ţºſř�źĩŷ�ƶŝ�ƭŻǇ����ƵŚºǀĭ
ƶƴƄţ�Źřŵƽ�����Żř�ƹ�ŹŚƸŝ�ƪƈƟ�Źŵ��Ƶƺºĩ���ŚºƷ�������ŹƺƄºĩ�śźºƛ�ƢƏŚºƴƯ�ƽ

��ř�ƱŚŤſřƭǈƿ���Ɩºưū���Ŷºƃ�ƽŹƹō���������ƵŚĮƄºƳřŵ�ƭƺƿŹŚºŝźƷ�Źŵ�žĜºſ
ƱřźƸţ�ŚſŚƴƃ��ƹ�ƾƿ�ţŚƿ�Ŷƿŵźĭ�Ŷǀ���������ºǀƳ�ƵŚºǀĭ�Ʋƿř�Żř�ƶƳƺưƳ�Ĩƿ����ƶºŝ�ż

�ŢŞŧ�ƵŹŚưƃ�ƯƺƿŹŚŝźƷƾ�TUH��éçíåæ������Ƶŵřŵ�Źřźƣ�żĩźƯ�Ʋƿř�Źŵ
Ŷƃ��æí�����

�ƲǀƫŚƯźƟ�ƱƺƯŻō����ƲǀƫŚºƯźƟ�ƱƺƯŻō���������ƩŶºƯ�ƹ�ŶƴưºƃŻŹř�ƁƹŹ�Ĩºƿ
��������ƹ�ƭƹřŶºƯ�ŵŹŵ�ƾŝŚƿŻŹř�ƹ�ƂŬƴſ�ƽřźŝ�ŜſŚƴƯ��ŹřŶºƿŚě����Żř�ƾºƃŚƳ

��ƾƿŚǀưǀƃ�ħźŰƯ�Ĩƿ�ƾƯ����ƽƺſ�Żř�ƹ�ŶƃŚŝ�źĮƿŵ�ƾƯ�����šřźºŧř�Ʊřƺºţ

������������ŵźºĩ�ƾſŹźŝ�ƱƺƯŻō�Ʋƿř�Ʃƹř�ŻŚƟ�ƾƏ�Źŵ�żǀƳ�řŹ�ŵŚů�ŵŹŵ���ºŝźřƽ�
Ʋƿř�ŹƺƔƴƯ���êå�������ƲǀƫŚºƯźƟ�ƩƺºƬŰƯ�źŤǀƫƹźĪǀƯ�ç��ŶºƇŹŵ��ºŝ����źºƿŻ�ƶ

��ƽŚºě�ƶººŬƴě�Ţºſƺě���ƵźººưƳ�ƱŻƺººſ�źºſ�Ĩººƿ�Ǝºſƺţ�Ʊřƺººǀů�į� �
èå�Ŷººƃ�ƢºƿŹżţ���ƢººƿŹżţ�ƩŚººŞƳŵ�ƶººŝ��Ĩººƿ�ƶººŝ�Ʊřƺººǀů��ƲǀƫŚººƯźƟ

ƶƔƠŰƯ�į�����ŵŚƘŝř�ƶŝ��ŮƐƀƯ�ƞĩ�Śŝ�ƝŚƠƃ�èå�èå�èå�ƾŤƳŚſ���źºŤƯ
�žƴū�Żř�ƀĩǈěƾ�Žǈĭ���ƶĩ�źƿŻ�Źŵō�ƶƔƠŰƯ�Ʊ�į��ō�ƝŚƠƃ�ǀƿƶƴ�ƽř�

����ƵŶºƃ�ƶǀŞƘţ�ŵƺºŝ�����ƹ�ŢºƟźĭ�Źřźºƣ����ƽŚºƷŹŚŤƟŹ�ŵŹƽŵ�����ƹ�ŢºŞŧ�Ʊō
ƯřŤǀƷŵŻŚƾ�Ŷƃ���ƵźưƳ��į�å��ƽŚě���ŝ�Ʊřƺǀů��ƶ�ƾƘǀŞƏ�ŹƺƏ�ƽƹŹ��ƲǀƯŻ

�ŵ�ŹřźƣŢƃř�ƵźưƳ���į�æ��ƽŚě��Ʊřƺǀů�ƽźƈŤŴƯ�ƽƹŹ��ƲǀºƯŻ���Źřźºƣ
ŵŢƃř�ƵźưƳ���į�ç��ƽŚě��������ƵŶƃ�ƵŶƴĩ�ƲǀƯŻ�Żř�Ʊřƺǀůŵƺŝ���ƵźºưƳ�ƹ��į�
è��Ʊřƺǀů�����ƾƯ�ŻŚĭ�řŹ�ƂƿŚě�źĭŢƟ��Śƿ�ƹ��žǀƫ��ƾºƯ�ŵŻ����ƶºƔŰƫ�Żř�į�

Źżţƿ�ƫŚƯźƟ�Ƣǀ�����šŶºƯ�ƶŝ�Ʋîå�ƣŵ�ǀ��ŤƯř�ƶºƤǀ�ŚºƷŻŚƽ�����Ŷºƃ�ŢºŞŧ�ŵŹŵ���
���ƣŵ�źƷ�Źŵ�žĜſǀ��ŤƯř�Żř�ƶƤǀ�Ư�ŚƷŻŚǀĮƳŚǀ��������Ʊō�Żř�žºě�ƹ�Ŷƃ�ƶŤƟźĭ�Ʋ

��źƷ�Żřèƣŵ�ǀŤƯř�ƶƤǀƯ�ƮƷ�ŚƷŻŚǀĮƳŚǀ��Ŷºƃ�ƶºŤƟźĭ�Ʋ���ŚºƷŹŚŤƟŹƽ�ŵŹŵ�
ƃŚƳƾ��Źżţ�Żř�ƿ�Ż�Ƣƿ��Ťºſƺě�źƾ��ƫŚºƯźƟ�ǀ���Żř�Ʋ������ƵŶºƃ�ƪǀĪƄºţ�ŻŚºƟ�ƹŵ�� �

��ř�Ǝſƺţ�ƶĩƿ���Żř�ŻŚƟźŤƴƿŶĪƿ��Ư�řŶū�źĮƾ�ŶƳƺƃ�����ƣŵ�Żř�Ʃƹř�ŻŚƟǀƶƤ�į�
å���Śţ�ì��ƶƬůźƯ�ƹ��į�ř�ƿ���ƣŵ�Żř�ŻŚºƟźŤƴǀ�ƶºƤ�ƽ�í����Śºţ�æé������Żř�ƭƹŵ�ŻŚºƟ�ƹ�
ƣŵǀƶƤ�ƽ�æê���Śţ�îå����ƪƯŚƃ�řŹ�Ưƾ�Ŷƃ��������źºŤƸŝ�ƱŶºƃ�ƆŴƄƯ�ŢƸū
ƿƶŤƟŚ��ŚƷ�ƀƤţ�Ţưƀƣ�ƹŵ�ƶŝ�ƭƹŵ�ŻŚƟ��ǀŶƃ�Ʈ��A2ƣŵ�Żř�ǀ��ƶºƤæê��Śºţ�

ëå���ƹ�B2���Żř�ƣŵǀ��ƶƤëæ�Śţ��îå�Ưƾ�ŶƃŚŝ���řźºŝƽ�żŬţ��ºƿ��ƬŰţ�ƹ�ƶ�ºǀ�ƪ
Ƶŵřŵ�ŚƷŹŚƯō�ƱƺƯŻō�Żř�ƽT.test ƹ� ANOVA �ºƿ�ƶºƟźƏ�Ĩ�Źŵ�ƹ�

šŹƺƇ�Ƴ�ǀ��ŻŚANOVA�ƶƟźƏ�ƹŵ��Ŷºƃ�ƵŵŚƠŤſř���ƱƺºƯŻō�Żř���ŚºƷƽ�
Dunnett�ƹ�Tukey�sŶºººƃ�ƵŵŚƠŤºººſř���åê�åP<�ƶºººŝ��ƱřƺºººƴƗ

ƴƘƯƾ�ŹřŵƽƤƬţ�ƾŶƃ� �çåƹæî����
��
ƿƶŤƟŚ�ŚƷ��

�����������������ƵŻŚºŝ�Źŵ�ƶºĩ�Ŷºƃ�ƽŵŹŵ�ƽŚºƷŹŚŤƟŹ�ŜŞſ�ƲǀƫŚƯźƟ�ƢƿŹżţ�į�
ƳŚƯŻƾ�ëå�ƣŵ�ǀ���Źżţ�Żř�ŶƘŝ�ƶƤ�ºƿ��ƫŚºƯźƟ�Ƣǀ�����ř��ŶƳŶºƃ�ƵŶƷŚƄºƯ�Ʋ�ºƿ�Ʋ

��ŻŚƟ�ƹŵ�Żř�ŚƷŹŚŤƟŹ�ř�ƶĩ�ƵŶƃ�ƪǀĪƄţƿř�Ǝſƺţ�ŻŚƟ�ƹŵ�Ʋƿ��Żř�ŻŚºƟźŤƴ
ƿŶĪƿ��Ư�řŶū�źĮƾ�ŶƳƺƃ�����ƣŵ�Żř�Ʃƹř�ŻŚƟǀƶƤ�į�å���Śţ�ì�Ư�ƾ����ŶºƘŝ�ŶƃŚŝ

���ŹŚŤƟŹ�Ʃƹř�ŻŚƟ�ŻřŚƷƽ�ŵŹŵ�ƽ�Ə�ƾ�ƶƬůźƯ��į�ř�ƿ���ƣŵ�Żř�ƶĩ�ŻŚƟźŤƴǀƶƤ�ƽ�
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í���Śţ�æé�Ưƾ���ě�ƂƷŚĩ�ŶƃŚŝǀƯ�řŶƾ��Ţưƀƣ�Źŵ�ƶĩ�ŶƴƴĩB��ƪĪºƃ�æ�
ŝƶ��ƳƺŤſ�šŹƺƇƾ�����������ƕƹźºƃ�ƭƹŵ�ŻŚºƟ�žĜſ��Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�
Ưƾ����ř�Źŵ�ƶĩ�ŵƺƃƿ���ƣŵ�Żř�ƶƬůźƯ�ƲǀƶƤ�ƽ�æê���Śţ�ëå�ŚƷŹŚŤƟŹ�ƽŵŹŵ�ƽ�

ƶŞţŹ�ŶƴŝƽŶƃ����ƪĪƃæ����
��ƪĪƃæ���ƵŹŚƈºƗ�ƢƿŹżţ��į����ƵŹŚƈºƗƷ�ºǀƹŹŶƬĪƫřƾ��ƶƴƄºţ�Źřŵƽ��Źŵ
��Żƹŵæêå�Ư�ǀƬƾ���řŻř�ƶŝ�ƭźĭƽ��ĩ�źƷ�ǀƭźĭƺƬ�����ƽŵŹŵ�ƽŚºƷŹŚŤƟŹ�ƽƹŹ�

�ƾººƯ�ƱŚƄººƳ�řŹ�ƲǀƫŚººƯźƟ�ƱƺººƯŻō���ƢººƿŹżţ�ƶººĩ�ŶººƷŵƵŹŚƈººƗ�į�
ƷººǀƬĪƫřƹŹŶƾ�ƶƴƄººţ�Źřŵƽ��Żƹŵ�ŹŵæêåƯ�ǀººƬƾ��řŻř�ƶººŝ�ƭźººĭƽ�� �

�ĩ�źƷǀ��ƭźĭƺƬ���������ŻŚºƟ�Źŵ�ƽŵŹŵ�ƽŚºƷŹŚŤƟŹ�ƂƷŚĩ�ŜŞſƩƹř����ŻŚºƟ�ƹ
ƭƹŵ����ƲǀƫŚƯźƟ�ƱƺƯŻōŝƶ����ƾºƴƘƯ�ŹƺºƏ���ºŝ�ƽŹřŵ������ºƃ�ƩźºŤƴĩ�Ƶƹźºĭ�ŚŶ� �
�ƹ�ŹŵřƿŚººƟźŤƴƾººƴƘƯ�źǀŧŚººţ�ƮººƷ�Ż�ŶƄººƳ�ƵŶƷŚƄººƯ�ƽŹřŵ��åê�åP<�� �
�ƹååæ�åP<����

��

 
�ƪĪƃæ�Źżţ�źŧř�ƿƵŹŚƈƗ�Ƣ��įƷǀƬĪƫřƹŹŶƾ�ƶƴƄţ�Źřŵƽ��Żƹŵ�ŹŵæêåƯ�ǀƬƾ�řŻř�ƶŝ�ƭźĭƽĩ�źƷ�ǀƺƬ�ƭźĭƹŹ�źŝƽŚƷŹŚŤƟŹ�ƽƽŵŹŵ��ƃŚƳƾŹżţ�Żř�ƿ�Ƣ

�ƱŚƯŻ�šŶƯ�ƽřźŝ�ƲǀƫŚƯźƟëå�ƶƤǀƣŵ��A��ǀƯ�ƾƳƺŤſ�ŹřŵƺưƳ�ƹƵźưƳ�ƲǀĮƳŚ�į�ŻŚƟ�Źŵ�ƲǀƫŚƯźƟ�ƱƺƯŻō�æŻŚƟźŤƴƿř����ŻŚƟ�ƹç�ƲǀƫŚƯźƟ�ƱƺƯŻō��B��� �
åê�åP<������ååæ�å�P 

��

�ƪĪººƃç�ƵŹŚƈººƗ�ƢººƿŹżţ�į�ƷººǀƬĪƫřƹŹŶƾ�ƶƴƄººţ�Źřŵƽ�Żƹŵ�Źŵ� �
èåå�Ư�ǀƬƾ����řŻř�ƶºŝ�ƭźĭƽ���ĩ�źºƷ�ǀ����ƭźºĭ�ƺºƬ��ƽŵŹŵ�ƽŚºƷŹŚŤƟŹ�ƽƹŹ

����ƾƯ�ƱŚƄƳ�řŹ�ƲǀƫŚƯźƟ�ƱƺƯŻō�����ƢƿŹżţ�ƶĩ�ŶƷŵƵŹŚƈƗ�į��ƶƴƄºţ�Źřŵƽ�
ŵ�Żƹŵ�Źèåå�Ưǀ�ºƬƾ���řŻř�ƶºŝ�ƭźºĭƽ�ĩ�źºƷ�ǀ��ƭźĭƺºƬ��ƂƷŚººĩ�ŜŞºſ

�������ŝ�ƲǀƫŚƯźƟ�ƱƺƯŻō�Ʃƹř�ŻŚƟ�Źŵ�ƽŵŹŵ�ƽŚƷŹŚŤƟŹƶ��ƾƴƘƯ�ŹƺƏ��Śŝ�ƽŹřŵ
��Ŷƃ�ƩźŤƴĩ�Ƶƹźĭ��åæ�åP<�����Źŵ�ƹ��Ƴ�ƭƹŵ�ŻŚƟǀ��ŹŚŤƟŹ�ƂƷŚĩ�ż��ŚƷƽ�

ŵŹŵƽ������ºƴƘƯ�ŚºƯř�Ŷƃ�ƵŶƷŚƄƯ�ƾ���ŵƺºŞƳ�Źřŵ����Źŵřƿ������źǀŧŚºţ�ƮºƷ�ŻŚºƟźŤƴ
ƾƴƘƯ��ƵŶƷŚƄƯ�ƽŹřŵƳŶƄ�� 

Archive of SID

www.SID.ir

http://www.sid.ir


ƵŹŚƈƗ�ƶƴƄţ�ƵŚǀĭ�ƾƬĪƫř�ƹŹŶǀƷ�ƽ�ƽŹřŵ 

 

ƶƬŬƯ�ƹŵ��ƱŚºŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ�ƵŹ��ƽçé��ƵŹŚưƃ��ƽæåê���ƱŚŝō�ƹ�źƸƯæèîê��

��

��
�ƪĪƃç�Źżţ�źŧř�ƿƵŹŚƈƗ�Ƣ�į�ƷǀƬĪƫřƹŹŶƾ�ƶƴƄţ�Źřŵƽ��Żƹŵ�ŹŵèååƯ�ǀƬƾ�řŻř�ƶŝ�ƭźĭƽĩ�źƷ�ǀ�ƭźĭƺƬƹŹ�źŝƽŚƷŹŚŤƟŹ�ƽƃŚƳ�ƽŵŹŵ�ƾ� �
Źżţ�Żřƿ�ƱŚƯŻ�šŶƯ�ƽřźŝ�ƲǀƫŚƯźƟ�Ƣëå�ƶƤǀƣŵ��A��ƵźưƳ�ƲǀĮƳŚǀƯ�ƾƳƺŤſ�ŹřŵƺưƳ�ƹ�į�ŻŚƟ�Źŵ�ƲǀƫŚƯźƟ�ƱƺƯŻō�æ�ŻŚƟ�ƹ�ŻŚƟźŤƴƿř��ç�ƱƺƯŻō�

�ƲǀƫŚƯźƟ�B���**�˹˺�˹P< 
��

��ƪĪƃè���ƢƿŹżţ�ƗƵŹŚƈ�į�Ʒ�ºǀƬĪƫřƹŹŶƾ��ƶƴƄºţ�Źřŵƽ���Żƹŵ�Źŵëåå�
ƯǀƬƾ���řŻř�ƶŝ�ƭźĭƽ���ĩ�źºƷ�ǀ���ƭźĭƺºƬ������ƱƺºƯŻō�ƽŵŹŵ�ƽŚºƷŹŚŤƟŹ�ƽƹŹ

����ƾºƯ�ƱŚƄƳ�řŹ�ƲǀƫŚƯźƟ������ƢºƿŹżţ�ƶºĩ�ŶºƷŵ��ƵŹŚƈºƗ��į�Ʒ�ºǀƬĪƫřƹŹŶƾ�

ƶƴƄţ�Źřŵƽ����Żƹŵ�Źŵëåå�Ư�ǀƬƾ���řŻř�ƶŝ�ƭźĭƽ���ĩ�źºƷ�ǀ���ƭźĭƺºƬ�ŜŞºſ�
�����Ʃƹř�ŻŚƟ�Źŵ�ƽŵŹŵ�ƽŚƷŹŚŤƟŹ�ƂƷŚĩ����ŻŚƟ�ƹƭƹŵ�����ƲǀƫŚºƯźƟ�ƱƺºƯŻō�

ŝƶ��ŹƺƏƾƴƘƯ�Ŷƃ�ƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƽŹřŵ��åê�åP<��ƹ��åæ�åP<����
 

��
�ƪĪƃè�Źżţ�źŧř�ƿƵŹŚƈƗ�Ƣ�į�ƷǀƬĪƫřƹŹŶƾ�ƶƴƄţ�Źřŵƽ��Żƹŵ�ŹŵëååƯ�ǀƬƾ�řŻř�ƶŝ�ƭźĭƽĩ�źƷ�ǀ�ƭźĭƺƬƹŹ�źŝƽŚƷŹŚŤƟŹ�ƽƃŚƳ�ƽŵŹŵ�ƾŹżţ�Żř�ƿ�Ƣ

�ƱŚƯŻ�šŶƯ�ƽřźŝ�ƲǀƫŚƯźƟëå�ƶƤǀƣŵ��A��ƵźưƳ�ƲǀĮƳŚǀƯ�ƾƳƺŤſ�ŹřŵƺưƳ�ƹ��įŚƟ�Źŵ�ƲǀƫŚƯźƟ�ƱƺƯŻō�Żæ�ŻŚƟ�ƹ�ŻŚƟźŤƴƿř��ç�ƲǀƫŚƯźƟ�ƱƺƯŻō��B�� 

åê�å�P<��������**�æ�å�åP<��
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��

�ƪĪººƃé�ƢººƿŹżţ�ƵŹŚƈººƗ�į�ƷººǀƬĪƫřƹŹŶƾ�ƶƴƄººţ�Źřŵƽ�Żƹŵ�Źŵ� �
îååƯ�ǀ�ºƬƾ���řŻř�ƶºŝ�ƭźºĭƽ�ĩ�źºƷ�ǀ��ƭźĭƺºƬ��ƽŵŹŵ�ƽŚºƷŹŚŤƟŹ�ƽƹŹ

�ƾººƯ�ƱŚƄººƳ�řŹ�ƲǀƫŚººƯźƟ�ƱƺººƯŻō��ƢººƿŹżţ�ƶººĩ�ŶººƷŵƵŹŚƈººƗ��į�
ƷǀƬĪƫřƹŹŶƾ��ƶƴƄºţ�Źřŵƽ����Żƹŵ�Źŵîåå�Ư�ǀ�ºƬƾ����ƶºŝ�ƭźºĭ�řŻř�ƽ���źºƷ�

ĩǀ�ƭźĭƺºººƬƩƹř�ŻŚºººƟ�Źŵ�ƽŵŹŵ�ƽŚºººƷŹŚŤƟŹ�ƂƷŚºººĩ�ŜŞºººſ��ƹ� �
��ŻŚƟƭƹŵ��������Ŷºƃ�ƲǀƫŚºƯźƟ�ƱƺºƯŻō��ƶºŝ��ŹƺºƏƽ���ř�ƶºĩ��ºƿ����Źŵ�ƂƷŚºĩ�Ʋ� �

ŚƤƯ�Źŵ�ƭƹŵ�ŻŚººƟººƿ�ƶƀƾººƴƘƯ�ƩźººŤƴĩ�Ƶƹźººĭ�Śººŝ�ƽŹřŵ�ººƯƾ�ŶººƃŚŝ�
�åê�åP< ����

��

��
�ƪĪƃé�Źżţ�źŧř�ƿƵŹŚƈƗ�Ƣ�į�ƷǀƬĪƫřƹŹŶƾ�ƶƴƄţ�Źřŵƽ��Żƹŵ�ŹŵîååƯ�ǀƬƾ�řŻř�ƶŝ�ƭźĭƽĩ�źƷ�ǀ�ƭźĭƺƬ�źŝƹŹƽŚƷŹŚŤƟŹ�ƽƃŚƳ�ƽŵŹŵ�ƾŹżţ�Żř�ƿƢ� �

�ƱŚƯŻ�šŶƯ�ƽřźŝ�ƲǀƫŚƯźƟëå�ƶƤǀƣŵ��A���ŻŚƟ�Źŵ�ƲǀƫŚƯźƟ�ƱƺƯŻō�ƵźưƳ�ƲǀĮƳŚǀƯ�ƾƳƺŤſ�ŹřŵƺưƳ�ƹæ�ŻŚƟ�ƹ�ŻŚƟźŤƴƿř��ç�ƲǀƫŚƯźƟ�ƱƺƯŻō��B�� 

åê�å�P<��
��

ŦŰŝ��
�����ƶŝ ŢƬƗ ŵƺūƹ�ĩźţǀšŚŞ ŶƋ ƽŵŹŵ ƹ ŶƋ ŝŚƸŤƫřƾ Źŵ ųźŝƾ 
Żř ƶƳƺĭ�ŚƷƽĭ�ǀƵŚįŹřŵ�ƶƴƄţ��ưŤůř��ř�ŵƺºūƹ�ƩŚ�ºƿ�Ʋĩźţǀ��Źŵ�šŚºŞ

�ŹƺĩŸƯ�ƵŚǀĭƳǀ�żƯƾ�ŶƃŚŝ��çé�çæ���ƾſŹźŝ�ƽŹŚƯō�ŪƿŚŤƳ�ƪƇŚů 

Żř ƱƺƯŻō�ƲǀƫŚƯźƟ ƱŚƄƳ ŵřŵƵŹŚƈƗ�ƶĩ��į�ƷǀƬĪƫřƹŹŶƾ�ƶƴƄţ�Źřŵƽ�
Źŵ�ƶưƷ�į�ŚƷŻƹŵƽ�ŵŹƺƯ�ƵŵŚƠŤſř�Źŵ�řƿƲ�ƶƘƫŚƐƯ�����ƂƷŚºĩ�ŜŞºſ�

�ŻŚººƟ�Źŵ�ƽŵŹŵ�ƽŚººƷŹŚŤƟŹƭƹŵ�ƹ�Ʃƹřººŝ�ƲǀƫŚººƯźƟ�ƱƺººƯŻō�ƶ��ŹƺººƏ
ƾººƴƘƯ���Ŷººƃ�ƩźººŤƴĩ�Ƶƹźººĭ�Śººŝ�ƽŹřŵ��åæ�åP<� ,ååæ�åP<�� �

ê�å�å�P<���Źżţ�Śŝƿř�Ƣƿ��ƵŹŚƈƗ�Ʋźŧř�Ŷǀƫƺţ ƵŶƃ�Źŵ��ŻŚºƟ��ƶºǀƫƹř 

ǇŚưŤůř Żř ƢƿźƏ źŧř ƮǀƤŤƀƯ ƹ�ƽŹƺƟ �źºŝ �ƵŶºƳźǀĭ��ŚºƷƽ ��ƾƀºů 

ƵŶƳźǀĭ�ŚƷƽ ƽŵřźŝ ƲǀƴǀƧ Śƿ Żř ƢƿźƏ źǀƀƯ ƦƿĥźţŚƯŚţƺƬĭ Ţſř 

Źŵ ƾƫŚů ƶƧ źŧř ƽŵŹŵŶƋ źŝ ƶƬůźƯ ƶƿƺƳŚŧ ƶŤƀŝřƹ ƶŝ ŲſŚě�ŚƷƽ 
ƾŝŚƸŤƫř �ŚºƤƫř �ƵŶºƃ Żř �ƢºƿźƏ �ŹŚƄºŝō �Ŷǀºſř �ƦǀƳƹŶǀºƃřŹō �Ţºſř� �

�çê�çì�� ƾƿŚƷƹŹřŵ ŶƴƳŚƯ ŚƷŶǀŗƺǀěř ƶĩ ƶŝ šŹƺƇ ƽżĩźƯ ƪưƗ 

ƾƯ�Ŷƴƴĩ źƷ ƹŵ ŻŚƟ�řŹ ŹŚƸƯ �ƵŵƺưƳ Źŵ Śůƾƫ�ƶƧ ƾƿŚƷƹŹřŵ ƶĩ �ƶºŝ 

šŹƺƇ ƾƐǀŰƯ ƪưƗ Ưƾ�Ŷƴƴĩ ŶƴƳŚƯ �ƲǀſŚŤƯƹŶƴƿř ŚƸƴţ ŻŚƟ ƲƯżƯ 

řŹ ŹŚƸƯ�ƾƯ�ŶƴƿŚưƳ� ƶŝ�źƔƳ ƾƯ�ŶſŹ ŻŚƟ ƲƯżƯ Ʀƿ �ŲºſŚě �ƾŝŚºƸŤƫř 

ƵřźưƷ Śŝ ŵŹŵ�ƾƃŚƳ Żř śŚƸŤƫř Ţſř ƶĩ ƾƯ�ŶƳřƺţ Ǝſƺţ ƽŚƷƹŹřŵ 

śŚƸŤƫřŶƋ ŵƺƃŹŚƸƯ��çí���ĩźţǀ�šŚºŞ ŗƺƳƹǈƟ�ºǀŶƽ �Ʋºƿř �ƶºƳƺĭ 

ƱŚƷŚǀĭ ƶŝ ŢƬƗ řŹřŵ Ʊŵƺŝ ƪƯřƺƗ ŢƔƟŚŰƯ ƵŶƴƴƧ ŹŵŚƣ ƶŝ��ƩŚºưƗř 

šřźŧř ŶƋ ƾŝŚƸŤƫř ƾƯ��ŶƴºƃŚŝ��çî���ƶºƧ Żř �Ʋºƿř �ƢºƿźƏ �ǇŚºưŤůř 

ƾƯ�ŶƴƳřƺţ šŶƃ ŵŹŵ ƹ śŚƸŤƫř řŹ ƂƷŚƧ �ŶºƴƷŵ���ŧŚºţǀź �ƤŤƀºƯǀƮ 
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��

ŗƺƳƹǈƟǀŚƷŶ źŝ żŤƴſ ŶƳǈĭŚŤſƹźěƿƲ�ŚƷ ƶŝ��ŹƺºƏ �ƖºƐƣ �ƆŴƄºƯ 

ƵŶƃ Ţſř��èå�� Śŝ ƶūƺţ ƶŝ ŶƷřƺƃ ŵƺūƺƯ ŗƺƳƹǈƟǀŚƷŶ Śŝ ŹŚƸƯ 

�żºƳōƿƮ ſǀ�ƀºĩřƺƬĪǀŻŚƳĦ ƫƺţ�ºǀŶ �ŶƳǈĭŚŤºſƹźěƿƲ��ŚºƷ řŹ Żř �ºſřǀŶ 
ƃřŹōǀƳƹŶǀĨ Źŵ ŲſŚě ƶŝ ħźŰƯ�ŚƷƽ ŝŚƸŤƫřƾ ŹŚƸƯ Ưƾ�Ŷƴƴĩ ƹ Źŵ 

ŤƳǀƶŬ Żř ŽŚƀů �ƱŶºƃ ĭǀ�ƵŶºƳź��ŚºƷƽ ŵŹŵ �ƶºĩ �ƶºŝ �ºſƹǀƶƬ ř�ºƿƲ 
ƩƺĪƫƺƯ�ŚƷ ƶŝ �ŵƺºūƹ �ºƯƾ�ō�ºƿŶ �ĭƺºƬūǀźƽ �ºƯƾ��ŵƺºƃ ƹ �ŚºŞƣŚƘŤƯ 

ƀůřŽŚ ŵŹŵƽ řŹ ƶĩ ƶŝ ƵřźưƷ řƿƲ ŲſŚě�ŚƷ Ưƾ�ŶƃŚŝ Ʈĩ Ưƾ��Ŷºƴĩ�
�èæ���ŗƺƳƹǈƟǀŚƷŶ ƿĪƾ Żř ŹŚƸƯ ƵŶƴƴĩ�ŚƷƽ �żºƳōƿƮ �żŤƴºſ �ƵŶºƴƴĩ 

ƳǀźŤƿĨ ŚƀĩřƿŶ��Nitric oxide = NO� ƶŝ ŹŚưƃ �ºƯƾ��ŶºƳƹŹ ƹ 
ƖƳŚƯ ƫƺţǀŶ NO Ưƾ�ŶƳƺƃ ƶĩ ƶŝ ƩŚŞƳŵ Źżţ�ºƿƢ �ƫŚºƯźƟǀƲ �řżºƟřƿƂ 
Ưƾ�ƿŶŝŚ� Żř ŚŬƳō ƶĩ NO ƲĪưƯ Ţſř Ư�ºǀŬƳŚƾ �źºě�ŵŹŵƽ �ŶºƃŚŝ 

řźŝŚƴŝƿƲ ƂƷŚĩ Ʊō źŬƴƯ ƶŝ ƫŚƘƟ�ºǀŢ �ºŝƾ�ŵŹŵƽ �ºƯƾ��ŵƺºƃ��èç���
�ƾºƟźƏŻř źƟ�ƽŚƷŶºƴƿō �ŶºƋ��ƾŝŚºƸŤƫř �Śºŝ �ƂƿřżºƟř �ŹŚºƸƯ �ŢºǀƫŚƘƟ 

ƩŚƨƿŵřŹ�ŚƷƽ ŵřŻō ƵřźưƷ Ţſřƶĩ��Źŵ Ʋƿř �ŚŤºſřŹ ŗƺƳƹǈƟ�ºǀŚƷŶƽ 
ŵƺūƺƯ Źŵ�ƵŹŚƈƗ��įƶƴƄţ�Źřŵƽ�Śŝ ƩŚưƗř šřźŧř �ƾºŤƳō �ƾƳřŶǀƀºƧř�

ƾƯ�ŶƴƳřƺţ šřźŧř �ŶºƋƽŵŹŵ �ƶƴƄºţ�ƽŹřŵ�řŹ Źŵ �Ʋºƿř �ƾºſŹźŝ �Śºţ 

ƽŵƹŶů ƶǀūƺţ ŶƴƿŚưƳ���
��
ŤƳǀĭ�ƶŬǀźƽ���

�����ŚººŤƳƿŪ�ƂƷƹĦººě�ůźººƋŚ�ƱŚƄººƳ�ººƯƾ�ŶººƷŵ�ƶººĩ�ƵŹŚƈººƗ�į�
ƷǀƬĪƫřƹŹŶƾ �ƶƴƄºţ�Źřŵƽ�ƽřŹřŵ��ƅřƺºų��ŶºƋ�ƽŵŹŵ��Ţƀºţ�Źŵ�

ƫŚƯźƟǀŹƺſ�ƁƺƯ�Źŵ�Ʋƽ�Ţſř��ŵŚƸƴƄǀě�ƾƯ�ŵƺƃ Żř Ţƀţ��ŚºƷƽ 
źĮƿŵ ŵŹŵ ƹ śŚƸŤƫř ƹ ƱƺǀƀƧřźƟ�ŚƷƽ�ƞƬŤŴƯ��ƵŹŚƈºƗ��ƵŵŚƠŤºſř 

ŵŵźººĭ��ƲǀººƴĤưƷ�Śººŝ�ƪųřŶººţ�ƵŹŚƈººƗ�Śººŝ�ŢƀººǀƳƺĭō�ŚººƷ�ƹ�
ŢƀǀƳƺĭŚŤƳō�ŚƷƽ źŧƺƯ źŝ ŵŹŵ ƹ ŚƸŤƫřś ƾƯ�Ʊřƺţ źǀƀƯ�ŚƷƽ Ƣǀƣŵ 

źǀŧŚţ ƵŹŚƈƗ ƶƴƄţ�Źřŵƽ�řŹ ƆŴƄƯ ŵƺưƳ���
.��
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Background and Objective: Nowadays, a wide variety of chemical agents are used to mitigate the pain, 

whereas all of them are associated with complications. Scrophularia striata Boiss that grows in the area of 

Ilam in Iran has been experimentally used in the treatment of various diseases. However, there is a lack of 

research on this plant. This study was an endeavor to elucidate the effect of hydro-alcoholic extract of 

Scrophularia striata Boiss on formalin-induced pain.  

Materials and Methods: In this study, 40 male mice (25-30 g) were randomly selected and divided into five 

groups of 8 including  a control group (receiving saline) along with 4 treatment groups (receiving the extract 

doses of 150, 300, 600 and 900 mg/kg). 30 minutes after IP administration with saline (in the control group), 

and different doses of extract (in the treatment groups), animals were immediately transferred to a special 

cage and after formalin injection in their paw skin, induced pain behaviors were recorded for 60 minutes. 

Results: As the dosage of extract increased, significant reductions were seen in phases 1 and 2 in the 

treatment groups rather than control group. But, there was not any change in interphase. Extract 

administration with doses of 150, 300, 600 and 900 mg/kg caused significant reduction in nociceptive 

behaviors in the first phase of formalin test. Also, this decreasing pattern was seen in phase 2 in 600 and 900 

mg/kg treatment groups. Despite an evident decrease in nociceptive behaviors in the interphase, it was 

nonsignificant.  

Conclusion: This study illustrates that Scrophularia striata Boiss hydroalcoholic extract has analgesic 

properties on formalin test in mice.  
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