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ŚƷƹŹřŵƽ�ƃ�ǀưǀŚƾƿ�ƗŚƴƇ�ƾ�řŹřŵ�ƽ��ŞƳŚū�šřźŧř�ƾ��ĩŚţ�śƺƬƐƯŚƳ��ºǀ�Ŷ
Ưƾ�ŵŵźĭ��æå���Ţưƀƣ�ŚƷƽ�������żŞſ�Ţſƺě�ƶƬưū�Żř�ƹŵźĭ�ƞƬŤŴƯ
ƹŹƽƯ�ººǀƹŵźººĭ�Ƶƺ�ŢººųŹŵ�Ţººſƺě��ƹŵźººĭ�īźººŝ�ƹ�żººƜƯ��Źŵ�

ŻŚſƹŹřŵƽ������ƹ�ŶƴŤƀƷ�ƵŵŚƠŤſř�ŵŹƺƯ�Śţ�ƽŵƹŶů���Ư�ŶƋ�źŧř�ǀźĪƹŝƾ�
Ƴǀ�Żř�ż���Ƶŵřŵ�ƱŚƄƳ�ŵƺų��ŶƳř��Ó���ƫƹ�ƾ����ƫŵ�ƶŝ�ƹŵźĭ�īźŝ�ǀ�ƳřƹřźƟ�ƪƾ��

�����Ƹţ�ƱŚºĪƯř�ƹ�Ʊŵƺºŝ�ŽźŤſŵ�Źŵ�ºǀƶ�ƽ�ř�ƱƹŶºŝ�Ʊō�ƱřŻŹř�ƿ���ƶºŝ�ƶºĪƴ
�ſō�ŢųŹŵǀ���ŶƳŚºſźŝ�Ŝ������ŶºƃŚŝ�źŧƺºƯ�źºĭř����ºƯ�ƾ����ƄºƳŚū�ŶºƳřƺţǀ�Ʋ

ŞſŚƴƯƾ�řźŝ�ƽ�ŚƷƹŹřŵ�ƽ�ŤŤƴſ�ǀ��ƛ�ƹ�Ĩǀ��ŤŤƴºſ�źǀ��ŶºƃŚŝ�Ĩ���ř�Źŵ��ºƿ�Ʋ
ƤŰţǀ�Ƙſ�Ƣƾ�ŵźĭ�ƿ����źŤĩŚŝ�ŶƋ�źŧř�ƶĩ�ŶƿŚƾƿƵŹŚƈƗ��ƽř�ƿ�Ʋĭǀ��źºŝ�ƵŚ
ƹŹƽźŤĩŚŝ�ƽ�ƾƳƺǀěƹźě ƭƺƿźŤƧŚŝ ƶƴƧō��ŚƯŻō�šŹƺºƇ�ƶŝ�ºƿƷŚĮƄƾ�

ſŹźŝƾŵƺƃ����
��

ſŹźŝ�ƁƹŹƾ��
�����řƿ��������šŹƺºƇ�ƶºŝ�ƶºƘƫŚƐƯ�Ʋ�ºŝźŬţƾ�ŚƯŻō��ºƿƷŚĮƄƾ����żºĩźƯ�Źŵ�
ƤŰţǀ�ĭ�šŚƤǀƹŹřŵ�ƱŚƷŚƿƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾ��ƭŚºŬƳř�ŵźĩźƸƃ�
Ŷƃ�����ř�ƭŚºŬƳř�ŢƸū��ºƿƲ�����ƺºſ�Żř�ƶºƘƫŚƐƯƿƶ��ƽ��źŤĩŚºŝ�ŵŹřŶƳŚŤºſř�ƽ�
ěƹźěǀƳƺƾźŤĩŚŝ�ƿ�ƭƺƶƴĩō��ææíçìATCC ��Ƹţǀ�ƶƀſƺƯ�Żř�ƵŶƃ�ƶ
ƤŰţǀ���ŻŚſ�ƭźſ�ƹ�šŚƤƽ�ŻřŹ�ƽ������Ŷºƃ�ƵŵŚƠŤºſř�ũźºĩ����řźºŝƽ�ř��ºƿ�Ʋ

��ŢƄººĩ�Żř�ŹƺººƔƴƯçéƶŤƗŚººſ��ƽźŤĩŚººŝ�ƽƹŹ�źººŝ�ƽººŰƯ�ǀ�Ǝ
ţǀƬĭƺǀƹ�ťřźººŝ�šǇƺººĪƾƳƺººų�ŹŚººĭō�řźººƃ�Źŵ�ƿººŝ�Ǝƾ�ŻřƺººƷƽ��

ƳƺƀƳŚĜſƺſƾ������ƶƫƺƫ�ƩŵŚƘƯ�šŹƹŶĩ�Śŝ�ê�å������ƩŚºƯźƳ�Źŵ�ŶƴƫŹŚƟ�ĨƯ�
ƫŚººſǀƸţ�ƲººǀŶººƃ�ƶ��ř�Źŵººƿřźººƃ�ƲƿźŤĩŚººŝ�ŵřŶººƘţ�Ǝƽ�ŵƹŶººů�ŚººƷ� �

CFU�ÎÍÕÒ�Î�ƾººƬǀƯ�Źŵ�ǀƫŵƺººŝ�źººŤ��ř�ŻřººƿƀººƳŚĜſƺſ�Ʋǀ�Źŵ�Ʊƺ
ŶƘŝ�ƪůřźƯƽŚƯŻō�ƿƂ�ŵźĭ�ƵŵŚƠŤſř�ŚƷƿ�Ŷ�ææ�����
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ƵŹŚƈƗ��ƽ�ĭ�ǀƵŚ��īźŝ��ŚºƷƽ���������ƹŵźºĭ�ƱŚºŤųŹŵ�Żř�ƹŵźºĭ�ŢºųŹŵ�ƽ�
ůŚƳǀƶ��ƽ�ƱŚƯŚſ���ƃŚůǀƶ��ƽ���ŵźĩźƸºƃ�źƸƃ���������ƩŚºſ�ŹŚºƸŝ�Źŵæèíí�

Ɩưū�Źƹōƽ��ŚſŚƴƃ�Żř�žě�ƹ�ƾƿŚţ�ƹ�ƿǀ�źƯ�Ǝºſƺţ�Ŷ�ƤŰţ�żºĩǀ��šŚºƤ
�ŻŹƹŚƄĩ�ŵŚƸūƽ����ŤŴŝ�ƹ�ƩŚŰƯŹŚƸģ�ƱŚŤſř��ºǀŹŚƽ���ƶºƳƺưƳ��řƽ���Ʊō�Żř�

��Źŵ�ŹŚŝźƷ�Ŷůřƹƿ��ƭƺ�ƤŰţ�żĩźƯǀ��ĭ�šŚºƤǀ��ƹŹřŵ�ƱŚºƷŚ�ºƿƾ���ƵŚĮƄºƳřŵ�
�Īƃżě�ƭƺƬƗƾ�ŵźĩźƸƃ����ƵŹŚưºƃ�ƶŝ���ƽ�ÏÍÐ����ƎŞºƋŵźĭ�ºƿŶ����ŵřƺºƯ

ĭǀƷŚƾ�Ɩưū��Źƹōƽ����ưţ�Żř�žě�ƵŶƃ�ǀ����Śºſ�Źŵ��Ʊŵźĩ�żƿƶ��ƽ���ĨƄºų�
����ºſō�Ǝſƺţ�ƹ�ƵŶƃǀ���ŵźĭ�Źŵƺºě�śŚ�ºƿŶ���řźºŝƽ�Ƹţ��ºǀƶ��ƽ��ƵŹŚƈºƗ���ƽ�

ƫƺƳŚţřƾ���æåå�����ƵŶƃ�ĨƄų�Źŵƺě�Żř�ƭźĭ���ƽ�ĭ�ǀ��Śŝ�ƵŚêååſ�ƾ�ºſ�ƾ�
ƩƺƳŚţř�íå�ŶƇŹŵ�������šŶƯ�ƶŝ�ƹ�ƍƺƬŴƯ��çé���ŚƯŵ�Źŵ�ŢƗŚſ�ƽ��ơŚţř�

���ŵƹŶůçç�ƶūŹŵ���ƽ�ŤƳŚſ�ƾ�ŵřźĭ��ŹřŶƸĮƳƽ�Ŷƃ����ƵŹŚƈƗ�žĜſ���ƽ�
ŝƶ�������ƟŚºƇ�ŸºƛŚĩ�Ǝſƺţ��ƵŶƯō�Ţſŵƾ�Ɵ�ǀ���ƵŶºƃ�źºŤƬ�����ƵŚĮŤºſŵ�ŵŹřƹ�

ŹŚţƹŹƽ��řźŝƽ��Ʃǈů�ƝŸů���ŵźĭƿŶ��ƵŹŚƈƗ��ƽ�ř�ƬĪƫƾ��ºŝ�ƶ���Ţºſŵ
��ŚƯŵ�Źŵ�ƵŶƯōƽ�éå�ƶūŹŵ���ƽ�ŤƳŚſ�ƾ���ŹƺţŚŝƺĪƳř�Źŵ�ŵřźĭ�Ƅų�Ĩ�Ŷƃ��

�����ŹřŶƤƯ�Ʊō�Żř�žěæ���ƵŹŚƈƗ�Żř�ƭźĭ����ƽƬĪƫřƾ��Ƅºų�Ĩ��ƶƬºƇŚů���řŹ�
��ƶŝê�ſ�ƾ�ſƾ���ŵ�Ʃǈů�Żř�ƽ�ŤƯ�ǀ�ŚƀĩŚƠƫƺſ�ƪƿ��Ŷ�DMSO���ƶƟŚƋř

ƵŵƺưƳ���ſƹ�ƶŝ�ǀƶƬ��ƽ��Ư�ĬƳźſ�ǀƬƾ���Ɵ�Śŝ�Źƺě�ǀźŤƬ�ŚƷƽ����źºƐƣ�ƶºŝ�çç�å�
ƯǀƟ�ƱƹźĪǀźŤƬƵŵźĭ�ƿŶ��ì�����

�ºſŹźŝƾſŚƀººů�ǀƯ�Ţǀ�ºŝƹźĪƾ��řźººŝƽƘţ��ǀºǀſŚƀººů�ƲǀŢŶººƋ��
ƯǀŝƹźĪƾ��ŤƳō�Żř��ƾ�ŝǀţƺǀ�ĜƯō�Ĩƾ�ſǀƬǀ�Ʋ�æåƭźĭƹźƨǀƯ�����ƱřƺºƴƗ�ƶŝ

��ŵ�ƆƫŚººų�Ʃǈººů�Żř�ƹ�ŢººŞŨƯ�ƩźººŤƴĩƽŤƯ�ººǀŚƀººĩŚƠƫƺſ�ƪƿŶ�
�DMSO�����ƠƴƯ�ƩźŤƴĩ�ƱřƺƴƗ�ƶŝƾŵźĭ�ƵŵŚƠŤſř�ƿŶ��řźŝƽưƏř�ǀ��ƱŚºƴ

�ŧŚţ�Żřǀ�ƵŹŚƈƗ�ź��ƽ��ƫƺƳŚºţř�ƾ���ƹŹ�źºŝ�ƽ��źŤĩŚºŝ�ƽ�������źºƔƳ�ŵŹƺºƯ���řŶºŤŝř
ŤĩŚŝźƽ��ŢƔƬƛ�Śŝ��ŚƷƽ����ŧŚţ�ŢŰţ��ƵŹŚƈƗ�šƹŚƠŤƯ�ǀ���ŢºƟźĭ�Źřźƣ�ź��
řźŝƽ�ř�ƿ��ĨƷŚģ�ŹƺƔƴƯ�Ʋ�ŚƷƾƿ������źºƐƣ�ƶºŝ�ì�Ư�ǀ�ºƬƾ�����ºŰƯ�Źŵ�źºŤƯǀ�Ǝ

��Ʒ�źƫƺƯ�ŢƄĩǀ��ř�ŹŚĭō�ƱƺŤƴƿ�������źŤĩŚºŝ�ŢƄĩ�Żř�žě�ƶĩ�Ŷƃ�ŵŚŬƽ�Żř��
ƀƳŚĜſƺſǀ�źŤĩŚŝ�ƱƺƿŚƿƾ��ƶƫƺƫ�ƩŵŚƘƯ���ƽ�ê�å�����ƹŹ�źºŝ�ŶºƴƫŹŚƟ�ĨƯ�ƽ�

ŰƯǀ��ƵŹŚƈºƗ��Ǝ�ƽĭ��ºǀƷŚƾ���ŚºƷ�ŢºƔƬƛ�Śºŝ�ƽ�çê��êå��ìê��æåå��
æçê�ƹ�æêå�ƾƬǀƯ����ƾƬǀƯ�Źŵ�ƭźĭ��źŤǀƫ��Ŷƃ�ƶƟŚƋř���Ƭě�žĜſǀŢ����ƶºŝ�ŚƷ

��šŶƯçé���ŚƯŵ�Źŵ�ŢƗŚſ�ƽ�èì�ƶūŹŵ���ƽ�ŤƳŚſ�ƾ�����řźºƃ�Źŵ�ŵřźºĭƿ�Ǝ
ŝƾ�ŻřƺƷƽ���ºſŚŝƺĪƳř�ŢŰţǀ����ƶºŤƟźĭ�Źřźºƣ�Ʊƺ��ŚºŤƳ�ƹƿ���ŽŚºſř�źºŝ�Ū

ƵŻřŶººƳř�ĭººǀźƽƶººƫŚƷ�źººƐƣ��ƽř�ŶººƃŹ�ƭŶººƗ�ƿ�Ǝººſƺţ�ƵŶººƃ�ŵŚººŬ
ƛƬŢººƔ�ŚººƷƽ�ƞººƬŤŴƯ�ƵŹŚƈººƗ�ƽĭ�ººǀƷŚƾ�Ŷººƃ�ŢººŞŧ���Ƭĩººǀƶ�ƽ�

ŚƯŻōƿƂ��ŚƷèŵźĭ�ŹřźĪţ�ŹŚŝ�ƿŶ���æç�����
ƘţǀǀƲźŤĩŚŝ�ŶƃŹ�Żř�ƵŶƴƴĩ�ŢƘƳŚưƯ�ŢƔƬƛ�ƪƣřŶů�ƽ����MIC�����ƹ

��ĭŶƴƄĩ�ŢƔƬƛ�ƪƣřŶůƾ�MBC����ŚºƯŻōƿƂ�������ƶºƬůźƯ�ƹŵ�Źŵ�ŚºƷ
ůřźƏƾ����řŵƹźĩŚƯ�ƵŶºƃ�ŭǈƇř�ƁƹŹ�Żř�ƹ�ƿ��ºƇƺţ�ƲºƃƺƬǀ��ƵŶºƃ�ƶ

�Ǝºſƺţ� NCCLS�National Committee for Clinical 

Laboratory Standards��ŵźĭ�ƵŵŚƠŤſřƿŶ��æè��Ŷŝ�ƿƲ�ţźţ�ºǀ�Ŝ
�ƀƳŚĜſƺſ�ƶĩǀƳƺƾ��������ƶºƫƺƫ�ƩŵŚºƘƯ�ŢºƔƬƛ�Śºŝ���ƽ�ê�å����ŶºƴƫŹŚƟ�ĨºƯ�� �

źŤĩŚŝ�ŻřƽŰƯ�Źŵ�ǀţ�ƎǀƬĭƺǀƸţ�ťřźŝ�šǇƺĪǀ�Ŷºƃ�ƶ �ŚºƯŵ�Źŵ�ƹ�ƽ�
èì�ƶºūŹŵ��ƽŤƳŚººſ�ƾ���ŧŚºţ�ŢººŰţ�ŵřźºĭǀŢººƣŹ�ź��ŚºƷƽƫřƺººŤƯ�ƾ�Źŵ�

ŢƔƬƛ�ŚƷƽ�ê�ç���ê���ê�ì���æå���ê�æç���æê��çå�ƹ�çê�ƾƬǀƯ��Źŵ�ƭźĭ
ƾƬǀƯ��źŤǀƫ��řźƃ�ŢŰţ�ƿ��ºŝ�Ǝƾ��ŻřƺºƷƽ��ºƣ���������Żř�ŶºƘŝ�ƹ�ŢºƟźĭ�Źřźçé�

���ƵŶƷŚƄºƯ�Śŝ�ŢƗŚſ��ƽ��šŹƹŶºĩ����ƹ��ºƿ���ř�ƭŶºƗ�Śƿ����Źŵ�šŹƹŶºĩ�ŵŚºŬ�
ƶƫƺƫ�ŚƷ���ŹřŶƤƯ��MIC�Ƙţ�ǀǀ�Ŷƃ�Ʋ��MIC������ƪƣřŶºů�Żř�Ţſř�šŹŚŞƗ�
ŤƔƬƛƾ��ƵŹŚƈƗ�Żř���ƽ������źŤĩŚºŝ�ŶƃŹ�Żř�ƖƳŚƯ�ƶĩ�ƽ������šŹƹŶºĩ�ƹ�ƵŶºƃ�

���ŵ�ŶƃŹ�Żř�ƪƇŚůƿ�ŵƺƄƳ�ƵŶ��řźŝƽ�Ƙţ�ǀǀ��ƲMBC��ƶƫƺƫ�Żř���ŚƷƾƿ��ƶĩ�
Źŵ�ŵ�šŹƹŶĩ�ŚƸƳōƿƹŹ�źŝ�ŶƄƳ�ƵŶƽ�ŰƯǀ�ŢƄĩ�ƎBlood agar�

řźººƃ�Źŵƿººŝ�Ǝƾ�ŻřƺººƷƽ��ƁƹŹ�Śººŝ�ƹ�Ŷººƃ�Ƶŵřŵ�ŵŶººŬƯ�ŢƄººĩ�
ŢƣŹ�ŚƷƽ�ƫřƺŤƯ�ƾ�ºƴƬĩ�ƁŹŚưƃ�ƪưƗ�ƾ��ŢºƟźĭ�šŹƺºƇ����ºƫƹřǀ�Ʋ
ƶƫƺƫ�řƽ������źŤĩŚŝ�ŵřŶƘţ�ŶƃŹ�ƂƷŚĩ�ŹřŶƤƯ�ƶĩ�ƽ�ŚƷ�Ʊō�ƽ�����ƶºŝ�ŢŞƀºƳ�

��ƶƫƺƫ�źƠƇ�ƱŚƯŻ��ƽ��ŝ��ŶƷŚƃ�ǀ���Żř�źŤƄƿ���������ƱřƺºƴƗ�ƶºŝ��ŵƺºŝ�ƭŹřżºƷ�Ĩ
MBC���Ŷºƃ�śŚŴŤƳř���ƷŚºĭƾ������ŢºƔƬƛ�šŚºƣƹř�MBC�źŝ�����Śºŝ�źºŝř
ŹřŶƤƯMIC Ţſř���ř�ŹŵƿƳ�ƁƹŹ�ƲǀƬĩ�żǀƶ�ƽŚƯŻō�ƿƂ���ŚºƷè��ŹŚºŝ�

ŵźĭ�ŹřźĪţƿŶ��æç�����
��
ƿƶŤƟŚ�ŚƷ��

�����ŚŤƳƿ����ƵŹŚƈƗ�ƶĩ�ŵřŵ�ƱŚƄƳ�Ū��ƽ�ƫƺƳŚţř�ƾ���ƹŵźĭ�ŢųŹŵ�īźŝ����źºŝ�
�źŤĩŚŝ�ŶƃŹƽěƹźě�ǀƳƺƾ�źŤĩŚºŝ�ƿ�řŹřŵ�ƶºƴĩō�ƭƺƽ��ŹŚºƸƯ�źºŧř�ƽ�ŵƺºŝ���

ƯǀĮƳŚǀ��ƶƫŚƷ�źƐƣ�Ʋ��ƽ��ŶƃŹ�ƭŶƗ�����ƘƯ�ƝřźŰƳř�Śŝ�ºǀŹŚ��řƿ��ƵŶºƃ�ŵŚºŬ�� �
�ƵŹŚƈƗ�Ǝſƺţ��ƽ�ƫƺƳŚţř�ƾ����ƹŵźºĭ�ŢųŹŵ�īźŝ������źŤĩŚºŝ�ŶºƃŹ�źºŝ�ƽ�
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ěƹźěǀƳƺƾ�źŤĩŚŝ�ƿ���ƶƴĩō�ƭƺ���ƩƹŶū�Źŵæ�řŹř�ƿ��Ţſř�ƵŶƃ�ƶ���ºƴĤưƷǀƲ�
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��ŶƳźŧƺƯ�çî����������ƶƘºƃř�ƪŨƯ�ƺǀţřŶǀƀĩř�ƪƯřƺƗ�ƶĪƴƿř�ƶŝ�źƔƳ��ƽ�UV�
���ƵŶƴƴĩ�ŶƿŶƄţ�ƪƯřƺƗ�Żř��ƽ�����ƵŹŚƈºƗ�ƲƿřźŝŚƴŝ�ŶƴŤƀƷ�ƶƴĩō���ƽ���īźºŝ�

������������ƪºƯřƺƗ�ŹŚƸƯ��ƶƴĩō�ƾŝźĪǀƯ�ƪƯŚƗ�ƽƹŹ�ƾŝźĪǀƯ�ŶƋ�źŧř�Śŝ�ƹŵźĭ
��ƵŶƴƴĩ�ŶƿŶƄţ�ƺǀţřŶǀƀĩř��ƽ����������ŵŚºŬƿř�Żř�ŢºƘƳŚưƯ�ƲǀºƴĤưƷ�ƹ�ƶƴĩō�

���ǇŚŝ�Ʋſ�Śŝ�ƽźƷŚƓ���ƾƯ�ƱřŹŚưǀŝ�Źŵ����������ƽƹŹřŵ�Ĩºƿ�ƱřƺºƴƗ�ƶºŝ�ŶƳřƺţ
Ɓƺū�ƱŚƯŹŵ�Źŵ�ŶǀƠƯ�ŶƃŚŝ�ŭźƐƯ�ƾƳřƺū�ƽŚƷ����

��
ƶŬǀŤƳ�ƽźǀĭ��
���������ƾƯ�ƱŚƄƳ�ƢǀƤŰţ�Ʋƿř�ŪƿŚŤƳ��ƶĩ�ŶƷŵ���ƹŵźºĭ�ŢºųŹŵ�īźºŝ��Żř�

ƾĭĦƿƹ����ŚºƿźŤĩŚŝ�ŶƋ�ƽŚƷƿ��������Ǝƿřźºƃ�Źŵ�ƾƸūƺºţ�ƪºŝŚƣ�ƾinvitro�
�����ƶºŤƟŚƿ�Ʋƿř�ƹ�Ţſř�ŹřŵŹƺųźŝ����ƾºƯ�ŚºƷ����ƶºƴǀƯŻ�ŶºƳřƺţ��ƽ���šŚºƤǀƤŰţ�

�Ź�ƽźŤƄǀŝ������������ƆǀºƬŴţ�ƹ�ŹřŶºƤƯ�ƲǀºǀƘţ��ƾƿŚºſŚƴƃ�ƽřźŝ�ƵŶƴƿō�Źŵ�ř
ƵźŧƺƯ�šŚŞǀĩźţ�ƽ�Źŵ�Ʊō��Ǝƿřźƃin vivo��ƹ�ƮƷřźƟ�Ĩƿ�ƱřƺƴƗ�ƶŝ

ƵŵŚƯ��ƽ������������ƵŵŚƠŤºſř�ŵŹƺºƯ�ƶºƴĩō�ƽŹŚưǀŝ�ƱŚƯŹŵ�ƽřźŝ�ƾƿŚƿźŤĩŚŝ�ŶƋ�
�ŵźǀĭ�Źřźƣ��������������Ɓƺºū�šŶºƯ�ƾƳǇƺºƏ�ƱŚºƯŹŵ�ƶŝ�ƶūƺţ�Śŝ�ƲǀƴĤưƷ

�����������ºƸƯ�ƱřƺºƴƗ�ƶŝ�ƶƴĩō�ƭƺƿźŤĩŚŝ�ƾƳƺǀěƹźě�ƽźŤĩŚŝ�ƹ�ƾƳřƺūƮ���Ʋƿźºţ
���ƾººƿƹŹřŵ�ŢººƯƹŚƤƯ�ƩŚººưŤůř�ƹ�Ʊō�ŵŚººŬƿř�Źŵ�ƾƿŚººƿźŤĩŚŝ�ƪººƯŚƗ

ƾƯ���ƵŹŚƈºƗ�Ʊřƺţ��ƽ�������������ŶºƋ�ƵŵŚºƯ�Ĩºƿ�ƱřƺºƴƗ�ƶºŝ�řŹ�ƹŵźºĭ�īźºŝ�
ŵƺưƳ�ŵŚƸƴƄǀě�ƽŹŚưǀŝ�ƱŚƯŹŵ�ƽřźŝ�ƾƿŚƿźŤĩŚŝ���

��
źĪƄţ�ƹ�źƿŶƤţ��

�����������ƱŚººƷŚǀĭ�šŚºƤǀƤŰţ�żºĩźƯ�ƹ�ƾƄºƷƹĦě�ƭźºŤŰƯ�ŢºƳƹŚƘƯ�Żř
ƹŹřŵƿ�������ƯŚţ�ƪǀƫŵ�ƶŝ�ŵźĩźƸƃ�ƾĪƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾ����ƹ�ƶºƴƿżƷ�Ʋǀ

����������ƱŚƷŚǀĭ�šŚƤǀƤŰţ�żĩźƯ�ƱŚƴĩŹŚĩ�Żř�ƲǀƴĤƷ�ƹ�ŭźƏ�Ʋƿř�šŚƳŚĪƯř
ƹŹřŵƿ����������������ƹ�źĪƄºţ�ƢºǀƤŰţ�Ʋºƿř�ƽřźºūř�Źŵ�ƽŹŚºĪưƷ�ƪºǀƫŵ�ƶºŝ�ƾ

ƾƯ�ƪưƘŝ�ƾƳřŵŹŶƣ�Ŷƿō���
��
��
��
��
��
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Background and Objective: Acne is one of the medical problems and propionibacterium acnes is the 

pathogenic agent that has received a considerable attention. Different parts of Juglans regia have been shown 

to have antibacterial activity on many bacteria. Its leaves have antioxidant property and if it shows 

antibacterial effect on propionibacterium acnes, it might be an alternative drug for the treatment of this 

problem.� Therefore, this study was aimed to determine the antibacterial effects of walnut leaves on 

propionibacterium acnes in vitro. 

Materials and Methods: In this experimental study, ethanolic extract of walnut leaves was examined for 

antibacterial activities on propionibacterium acnes using the disk-diffusion minimum inhibitory 

concentration (MIC), minimum bacterial concentration (MBC) and macrodilution methods. Ampicillin 

(10µg) was used as a positive control. 

Results: Ethanolic extract of walnut leaves had an inhibitory effect on Propionibacterium acnes using the 

agar-diffusion and macrodilution methods. The most inhibition zone was 25 � 1.7 mm in 150 mg/ml 

concentration. The minimum inhibitory concentration was 12.5 mg/ml while the minimum bactericidal 

concentration was 15 mg/ml.  

Conclusion: The findings of this study showed that ethanolic extract of walnut leaves had antibacterial effect 

on Propionibacterium acnes and may be considered as an alternative drug for the treatment of external 

infections due to this microorganism.  

 

Key words: Antimicrobial effects, Juglans regia leaves, Propionibacterium acnes 
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