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���ƹ�ƩřŹƺƯƺţŢſŚƯ�ƪſ�ŚƷ�ŵƺūƹ��ŵŹřŵ��æé����ƯřżºĮƷǀƲƬŤ��źºŤţřƯōǀƲ� 

[Hexamethylentetramine (HMT) ]�Źřŵƹƾººƿ�Śººŝ�Ţººſř�
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�ŹřŵƺưƳæ���šŶƯ�Źŵ�ƱŶŝ�ƱŻƹ�ƲǀĮƳŚǀƯ�šřźǀǀƜţæéŻƹŹ���
ååæ�å*** P< ���

��

ſŹźŝƾ���ƶƘƫŚƐƯ�Żř�ƪƇŚů���ƽ��Ź�ŢƟŚŝ��ºƿƺƽ�����ŢºƟŚŝ�ƖƏŚºƤƯ��ŚºƷƽ�
Źººƿƺƽ�Ƶƹźººĭ�HD�� Preƹ�Post��Ź�ƭŵřººƿƺƽ��źƳƺººųƿżƽ�ƹ�

ƫƺŗƺƫō�žěǈĩƾŵřŵ�ƱŚƄƳ�řŹ����Ƶƹźºĭ�Źŵ�ƶºĩ HD ř�ºƿƜţ�Ʋ�ºǀǀ�šřź
ŶƃƿŶ���źţŵƺŝ��Ư�ǀ�Ɯţ�Ʊřżǀǀ�ŤƟŚŝ�šřźƾ����Ƶƹźĭ�Źŵ�Pre�Źŵ�ŚƤƯ�ºƿ��Śºŝ�ƶƀ�
ƵƹźĭPost �ŝǀźŤƄƶŝ��ŶƯō�Ţſŵ��ƫŚºů�Źŵ�ƾ����Ƶƹźºĭ�Źŵ�ƶºĩ Post 

Ư�ºǀ�ºſō�Ʊřżǀ�ŤƟŚºŝ�Ŝƾ��ŵƺºŝ�źºŤưĩ����Ƶƹźºĭ�Źŵ��ŚºƷƽ�NSƹ�HMT�
ƜţǀǀĥƺƫƺţŚě�šřźƿŶƄƳ�ƵŶƷŚƄƯ�Ĩ���

�ŢººſŚƯ�ŵřŶººƘţ�ººſƪ��Ƶŵźººě�Źŵ�ŚººƷ�ƽŜººƴū���ŚººŤƳƿ�ƪººƇŚů�Ū� �
���ŢſŚƯ�ŵřŶƘţ�ƁŹŚưƃ�Żř�ƪſ���Ƶƹźĭ�Źŵ�ŚƷ�ŚƷƽ�����ŵřŵ�ƱŚƄºƳ�ƞƬŤŴƯ�

�Ʒ�ƶĩǀ��ƴƘƯ�ƝǈŤųř�Ģƾ�Źřŵƽ��Ư�Źŵ�ǀĮƳŚǀ��ŢſŚƯ�ŵřŶƘţ�Ʋ�ƪſ����Źŵ�ŚºƷ
�ƵƹźººººĭNS��èì�å�è�é��ŚƤƯ�Źŵººººƿ�Ƶƹźººººĭ�Śººººŝ�ƶƀHMT�

�éç�å�èë�ë���řŶƳ�ŵƺūƹŢƃ���ƺſ�Żřƾƿ�ŵ�ƿ��Ư�źºĮ�ºǀĮƳŚǀ���ŵřŶºƘţ�Ʋ
ŢſŚƯ�ƪſ���Ƶƹźºĭ�Źŵ�ŚƷPre��íë�å�ç�í� ŚƤƯ�Źŵ�ºƿ���Ƶƹźºĭ�Śºŝ�ƶƀ
Post��ëë�å�é�ì��ƹ�żǀƳ��ŚƤƯ�ƿƶƀ��ƽ�Ư�ǀĮƳŚǀŢſŚƯ�ŵřŶƘţ�Ʋ�ƪſ���ŚºƷ

�Ƶƹźººĭ�ŹŵNSƯ�Śººŝ�ººǀĮƳŚǀ�ŵřŶººƘţ�Ʋ�ƲººƿřƬººſƩƺ�ŚººƷŹŵ�Ƶƹźººĭ�� �
 Pre�ƹPostººƴƘƯ�ƝǈŤººųř�ƾ�ŹřŵƽŵřŶººƳ�ƱŚƄººƳ�řŹ��ƮººƷ���ººƴģǀ�Ʋ

Ʒǀ��ƴƘƯ�ƝǈŤųř�ƶƳƺĮĤƾ�Źřŵƽ��Ư�Źŵ�ǀĮƳŚǀŢſŚƯ�ŵřŶƘţ�Ʋ�ƪſ�Źŵ�ŚƷ� �

�Ƶƹźººĭ�Śººŝ�ƶƀººƿŚƤƯHMTƵƹźººĭ�Śººŝ���ƽŚººƷPre�ƹ�Post��ƵŶººƿŵ� �
ŶƄººƳ���ƶƀººƿŚƤƯ�ƽ��ŢººſŚƯ�ŵřŶººƘţ�ƲǀĮƳŚººǀƯ��ƪººſ����Ʋǀººŝ�ŚººƷ� �
��ƵƹźĭƩŚƯźƳ���ƲǀƫŚſ��ƹHD��ìí�æ�í�æê����ƾºƴƘƯ�ƝǈŤųř���řŹ�ƽŹřŵ

���ŵřŵ�ƱŚƄƳ�ååæ�åP<��������ƾºƴƘƯ�ƂƿřżºƟř�źĮƳŚƄƳ�ƶĩ�����ƲǀĮƳŚºǀƯ�Źřŵ
ŢºººſŚƯ�ŵřŶºººƘţ�ƪºººſ��Ƶƹźºººĭ�Źŵ�ŚºººƷHD��ºººŝƺŵ���ƪƨºººƃæ��� �
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ƺººſ�Żřƾƿŵ�ƿ�ººųř�źººĮººƴƘƯ�ƝǈŤƾ�Źřŵ�ƽƯ�Źŵ�ººǀĮƳŚǀ�ŵřŶººƘţ�Ʋ
ŢººſŚƯ�ƪººſ��Ƶƹźººĭ�Źŵ�ŚººƷHDŚƤƯ�Źŵ�ººƿ�Ƶƹźººĭ�Śººŝ�ƶƀHMT�

�ååæ�åP<��ƶºººƔůǈƯ�ºººƃŚƤƯ�ƹ�Ŷºººƿƶƀ�ƽƯ�ºººǀĮƳŚǀ�ŵřŶºººƘţ�Ʋ
ŢººſŚƯ�ƪººſ�ŚººƷƽ�Ƶƹźººĭ�HD�Śººŝ�Ƶƹźººĭ�ƽŚººƷ� Preƹ� Post�

ƱŚƄƳ�ƵŶƴƷŵ��ƽ���ƂƷŚĩ�ƾƴƘƯ����Źřŵ���ŢºſŚƯ�ŵřŶƘţ�ƲǀĮƳŚǀƯ��ƪºſ���ƽŚºƷ
Ƶƹźĭ� Preƹ�Post����Ƶƹźºĭ�ƶºŝ�ŢŞƀºƳ�HD�ŵƺºŝ������ƪƨºƃè�çƹ�
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ååæ�å*** P< ���
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ƪƨƃç��ŢſŚƯ�ŵřŶƘţ�źŤƄǀŝ�ƂƷŚĩ��Ƶƹźĭ�Źŵ�ƪſPre�Ƶƹźĭ�ƶŝ�ŢŞƀƳ����
HD��ƺƬŝ�ƲƿŶǀƿƺƫƺţ�ƽżǀƯō�ĬƳŹ���ƾƿŚưƴĭŹżŝæååå 

�ƪƨƃè��ŢſŚƯ�ŵřŶƘţ�źŤƄǀŝ�ƂƷŚĩ��Ƶƹźĭ�Źŵ�ƪſPost��ƶŝ�ŢŞƀƳ�
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ŦŰŝ��
�����ŹƺƠƫƺſ����ŵŹŚŤſƺƯ�ƿ��Īƫř�ƪƯŚƗ�ĨǀƶƬ��ƺƣ�ƵŶƴƴĩƽ�Ư�ƾ����ƶºĩ�ŶƃŚŝ
�ř�Śŝƿ���ŵŚºŬ�ºƿ��ºěř�Ʊƺƾ��ƳƺƠƫƺºſǀ���ƟƺŘƬĩƺƳ�Śºŝ�ƭƺǀƬ�ºǀĨ��ŚºƷƽ��ŶºƴƳŚưƷ��

ţŚţƺƬĭǀƱƺ� źţƽ�ŤĜěǀſř��ŚƷŶǀŚƷŶƽƯō�ǀ�ƶƴ�DNA��Ƃƴºĩřƹ�śō�ƹ�
��Ƶŵřŵ�çç�����ţŚţƺƬĭ�ƂƷŚĩ�ŦƗŚŝ�ǀ�řżƟř��Ʊƺƿ�ŵřŹ�ƂƿƩŚĪ��ŚºƷƽ��ŵřŻō�

ƀĩřźě�ƹǀſřŶǀƫ�ƱƺǀĜǀŶƽƯ�ƾ�ƃƺŵ��çè����
ŚººŤƳƿƤŰţ�Ūººǀ��ƁƺººƯ�ƱŶººŝ�ƱŻƹ�ƶººĩ�ŵřŵ�ƱŚƄººƳ�źººƋŚů�Ƣ��ŚººƷ� �

�źƷ�Źŵè�Ƶƹźĭ�Pre�� Postƹ HDƂƷŚĩ�ƿř��ƶŤƟŚƿ��ƱŻƹ�ƂƷŚºĩ�Ʋ
���Ƶƹźĭ�ŹŵHD���ƹ�Pre�ŝ�ǀ�ŵƺŝ�źŤƄ����ƲƿřƝǈŤųř��ƷŚƧ�Źŵ���źŤƄºǀŝ�Ƃ�
Ƶƹźĭ�Śŝ� PostƴƘƯ�ƾ�Ţſř�Ƶŵƺŝ�Źřŵ���

ƤŰţǀ�šŚººƤŚƴưƄººƧǇƱřŹŚººĪưƷ�ƹ���ë�Ƴ�ººǀƱŚƄººƳ�ż�ƵŶººƴƷŵ�ƽ�� �
ƂƷŚººĩƾººƴƘƯ��Źřŵů�ƱŶººŝ�ƱŻƹ�ǀƺř��Śººŝ�ƶººƸūřƺƯ�Żř�žººě�šŚººƳ� �
ŹƺƠƫƺſ����Ţſř�Ƶŵƺŝ�ŵŹŚŤſƺƯ���Ʊō���ř�ŢƬƗ�ŚƷ�ºƿ������ƝźƈºƯ�řŹ�źºƯř�Ʋ

�������Ƶƹźĭ�Źŵ�řŸƛ�ƹ�śō�źŤưĩHD���������ƱřƺºƴƗ�ƩźºŤƴĩ�Ƶƹźºĭ�ƶºŝ�ŢŞƀƳ�
Ƶŵźĩ��ŶºƳř���ŚºŤƳ�ƿ��Ūƿƹ�ƱřƹŚºĭřŹŚŬ����Ƴ�ƱřŹŚºĪưƷ�ƹ��ºǀ�ŝ�ż�ºǀ��ºưƷ�źĮƳŚǀ�Ʋ

��ƕƺƋƺƯŢſř��çéƹì����ŚŤƳ�Śŝ�ƹƿ�ƤŰţ�Ūǀ����ƺƀºưƷ�ŚºƯ�šŚƤƾƿ�ŵŹřŵ���
ŚººŤƳƿƷ�ŪººǀĥƺƫƺţŚěƺŤƀƽ��Ƴ�źººƋŚů�šŚººƘƫŚƐƯ�Żř�ƪººƇŚů�ººǀ�ż
ƱŚƄƳ��ƵŶºƴƷŵ��ƽ��ŵŹřƺºƯ�ƽ���źƳƺºų�Żř�ƿżƽ���źºě��Ƴƺºųƾ�Ŷºƃ�ƿ�ƭŵř�ƹ�Ŷ

ŹƿƺƽƵƹźĭ�Źŵ��ŚƷƽ�HD�Pre ��ƹPostƯ�ƾ�ŶƃŚŝ����
��ŹŵšŚƘƫŚƐƯ�żǀĭŹ���ŶƴƳŚƯ�żǀƳ�ƫŚƐƯ�ƶƘ�ƽ��ƱřŹŚºĪưƷ�ƹ�ƾƳŚºưƿř���æå��
��ŹŵƁƺƯ���ƿřźŰƇ�ƽŚƷ���ƶĩ�ƾ�ŹƺƠƫƺºſ���ŵŹŚŤºſƺƯ����ºŝ�řŹ��ƶ���šŹƺºƇ

ƪųřŵ���ƵŵƺưƳ�ŢƟŚƿŹŵ�ƾƣŚƠƇ�ŶƳř���ŢǀſƺƠƴƫ�ŭŚƄţŹř������Śºŝ�ƵřźºưƷ�ŚºƷ
�ƩƺǀƄƳƹźŝ�ƭŵř����ƵŹřƺºƿŵ�ƹ�ŚƷ����Ʋǀºŝ�ƽŚºƷ�����ƹ�ƵŶºƃ�ƁŹřżºĭ�ƾƫƺºŗƺƫō

ƶŝ�ƮƷ���ƵŹřƺƿŵ�ƮƔƳ�ƾĮŤŴƿŹ��Ʋǀŝ�ƽŚƷ��������ŭŚƄºţŹř�ƂƿřżºƟř�ƹ�ƾƫƺºŗƺƫō
ƩƺƬſ����ƾſŚƯō�ƽŚƷ���ƵŶƷŚƄƯ�żǀƳƃƵŶ�����Ţºſř�çêƹææ�î������Ʋºƿř�Źŵ

��šŚƘƫŚƐƯţŐŧǀ��źŹƺƠƫƺſ���ŵŹŚŤºſƺƯ���ŚºƷŻƹŵ�Śºŝ�řŹ�ƽ���źºŝ�ƞºƬŤŴƯ�
Źƿƶ��ƽ��ſŹźŝ�ƁƺƯ�ƾ����řżºƟř�ƹ�Ƶŵźĩ�ƿ����ŚƄºƛ�ŢƯŚŴºƋ�Ƃƽ��ƶºƿŚě��ƽ�

ƂƳƹźŝ����řźºưƷ�ŭŚƄţŹř��ŚƷ���ř�Śºŝ�Ƶ��ŻŚºŤĪƬţō��ƭŵƽ����ƵŵŚºƯ�śƺºſŹ����ƽ�
ŻƺŗřƿƟƺƴǀƬƾ�Ɵ��ǀ���ŝ�ŢƟŚŝ�Źŵ�ŻƹźŞǀŝŚƴǀƴƾ�Ź�ƿ���ŵƺưƳ�ƁŹřżĭ�řŹ�ƶƵ��ř�ŶºƳ��
řƿ��ƲŚŤƳƿ���Śŝ�ŪƶŤƟŚƿ��ƽŚƷ�ƤŰţ�ǀ�źƋŚů�Ƣ���ƺƀưƷ�ƾºƯ��ŶºƃŚŝ�Ż��ºƿ�Źŵ�řź

��ƲƿřţŰƤǀ�Ƴ�Ƣǀ��ƫƺƬſ�ŭŚƄţŹř�żƾ������ƄºƳƹźŝ�Źŵ�ƭŵř�Śŝ�ƵřźưƷ�ǀƩƺ����ƹ�ŚºƷ

ŵƿƵŹřƺ��ƽ�ƫƺŗƺƫō�ƾ����ºěř�ŢƟŚŝ�Źŵ�ƾ�Ƭţ�ºǀ�Ź�ƩŚ�ºƿ��řżºƟř��ƶƿ����ƹ�śŚºƸŤƫř�Ƃ
ƴĤưƷǀ�Ƴƺųźě�Ʋƾ��Ź�ơƹźƗ�ƿƺƽ�źƳƺų��ƿżƽ��ĩ�Źŵ�ǀƶƀ�ŚƷƽ�řƺƷ�ƾƿ�

ƵŶƃ�ƵŶƿŵ��Ţſř�çêƹæå�î�����
�ř�Źŵƿ���ƶƘƫŚƐƯ�ƲƯ�Ŷƿŵźĭ�ƆŴƄ������Ź�ƉŹřƺºƗ�šŶºƃ�ƶĩ��ºƿƺƽ��Źŵ�

�ƵƹźĭHDŚƤƯ�Źŵ�ƿƵƹźĭ�Śŝ�ƶƀ�Preƹ� Post ��ř�ƹ�Ƶŵƺºŝ�ǇŚºŝ�ºƿ�Ʋ
ř�ƉŹřƺƗƿŹ�Źŵ�ƵŶƃ�ŵŚŬƿƶ�ƽů�ǀƵƹźĭ�šŚƳřƺ� Post�ŚƤƯ�Źŵƿ�ƶƀ
���Ƶƹźĭ�ŚŝPre�ƹ�HD��ƂƷŚĩ�šŶƃ�ƶŝ�ƿ��Ţºſř�ƶºŤƟŚ����źĮƳŚƄºƳ�ƶºĩ

�ƳŚƯŹŵ�šřźŧřƾ��ǇŚºŝ�ƽ�HMT��������ŤƔƟŚºŰƯ�šřźºŧř�ƶºŝ�ŢŞƀºƳ�ƾ��Ʊō�
Ưƾ�ŶƃŚŝ��ŢſŚƯ�ƪſ���Źŵ�ŚºƷ��ƀºŝ�ǀŹŚƽ���ŢºƟŚŝ�Żř������ƵŚĮŤºſŵ�ƹ�ŚºƷ���ŚºƷ

����ŹŚŬƯ��ƁŹřƺĭ�ƵŚĮŤſŵ��Ţſƺě�ŶƴƳŚưƷƽ�ƀƠƴţ�ƾ�Ź�ƹ�ƿƶ���ƶºŝ�ƶĩ�ŚƷ
�řŵ�ŹƺƏƿ������ŝ�ƪƯřƺƗ�ƹ�ŵřƺƯ�ƉźƘƯ�Źŵ�Ʈǀ�������ŢƗźºſ�ƶºŝ�ŶƴŤƀºƷ�ƶƳŚĮ

��ŲººſŚě�Źŵ�ƹ�ƵŶºƃ�źºƋŚů��ŚºƷƽř�ƿĥƺƫƺƳƺưººƿ�Ƃƴºĩřƹ�ƹ�Ĩ�ŚººƷƽ�
ŝŚƸŤƫřƾ��Ư�Ţĩźƃ�ƾ�ƴĩƴ��Ŷ�çë���������Ʊŵƺºŝ�řŹřŵ�ŢƬƗ�ƶŝ��ƶƐºſřƹ����ƽŚºƷ

�ŞƯƹźţ�ŶººƴƳŚƯ�ƱƺĭŚººƳƺĭƱŚƀººĩƺ��ŚººƷ��ƩŚººƘƟ�ŹƺŤƧŚººƟ�ƵŶººƴƴƧ�ƽ�� �
��ƾºŤƧǈě]�PAF�[Platelet Activator Factor Ʒ���ºǀƯŚŤƀǀ��Ʋ

ŶƴƬĭŚŤſƹźěƿƲ����źţƺºĪƫ�ƹ�ŚƷƿƲ�������ƝŚºƇ�šǈƌºƗ�ƉŚºŞƤƳř�źºŝ�ŚºƷ
řżƟřƿ�ŷƺƠƳ�Ƃ�Ÿěƿźƽ���ƃ�ƹ�ơƹźƗ�ǀƀĩƺţƺưǀ�ƟƹźţƺƳ�Ĩǀƪ����ºţ�ŚºƷŐŧǀ�ź
ººƯƾ��ŶººƳŹřŸĭ�çìƹæè��ƌººƘŝ�ƾ�Żř�ƶƐººſřƹ�ƽŚººƷ�Żř�ƵŶººƃ�ŚººƷŹ�

ŢſŚƯ�ƪſ������źƏ�Żř�ƱŚƏźſ�ŶƃŹ�ŦƗŚŝ�ŚƷƿ��řżºƟř�Ƣƿ��ŚºƷŹƺŤĩŚƟ�Ƃƽ�
īŹ�ƾººƿřŻººƯ�ƾ�ŶƳƺººƃ��çí���ŚººŤƳƿƤŰţ�Ūǀ�ƶººĩ�Ƶŵřŵ�ƱŚƄººƳ�šŚººƤ

ŹƺƠƫƺſ��ŵŹŚŤſƺƯ��Ư�ƾ���Ɵ�ŹŚŧō�ŶƳřƺţǀ���Ź�Źŵ�ŻƹźºŞ�ºƿ�����ŵŹřŸºĭ�Śºūźŝ�ƶ
�çîƹçê�çç���ƤƤŰƯ�ƹǀ�ŝ�ƍŚŞţŹř�ŵƺūƹ�ƲǀŢſŚƯ�ŵřŶƘţ�Ʋ��ƪºſ���ŚºƷ

�Ư�ƹǀ�Ɵ�Ʊřżǀ�Ź�ŻƹźŞƿƺƽ���ƵŵƺưƳ�ƁŹřżĭ�řŹ�������ƶºĩ�ŶºƳŵřŵ�ƱŚƄºƳ�ƹ�ŶºƳř
ƯŢſŚ�ƪſ��ƂƤƳ�ŚƷ�ưƸƯƾ�Źŵ��Ŝǀſō���ƾſŚƴƃ�Ɵ�ǀ�Ź�ŻƹźŞ�ºƿ��ǈŨºƯ�ƶ��Źŵ�
ŝǀŹŚưƽŹŵƹźƬĪſř�ƾƯ���ŵŹřŵ�èå����
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ŢſŚƯ��ƪºſ���Źŵ�ŚºƷǇ��ºƿƶ�ƽ�ŚƄºůř�ƾƿ�Ƶŵźºě��ƽ�Ź�Ŝºƴū��ºƿƶ�ƽ�ř�ºƿ�Ʋ
ƁƺƯ��ƾƿřźŰƇ��ŚƤƯ�Źŵ�ƿ������ƁŹřżĭ�ƩźŤƴĩ�Ƶƹźĭ�Śŝ�ƶƀƃ��ƵŶ���Ţºſř�ƹ
řżƟřƿ��ŢſŚƯ�ŵřŶƘţ�Ƃ�ƪſ���ŚƷřŹ��Ư�ƶŝ�ǀ���Żƹŵ�ƱřżŹƺƠƫƺſ���ŵŹŚŤºſƺƯ��

�ƶŤƀƳřŵ�ƶŤƀŝřƹ�ŶƳř��ŚŤƳƿř�ŪƿƯ�ƱŚƄŒƿ�ƶºŤƟŚƿ�Ŷ��ƽŚºƷƤŰţ��ºǀ��źºƋŚů�Ƣ
Ưƾ�ŶƃŚŝ��Żƿ��ŢſŚƯ�ŵřŶƘţ�řź�ƪſ�����Ƶƹźĭ�Źŵ�ŚƷHD��ŚƤƯ�Źŵ��ºƿ���Śºŝ�ƶƀ
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�Ƴ�ƱřŹŚĪưƷ�ºǀ����������ŢºſŚƯ�ŵřŶºƘţ�ƶºĩ�ŶºƳŵźĩ�ƆŴƄºƯ�ż��ƪºſ����Źŵ�ŚºƷ

ƶƳƺưƳ��Źřŵźŝƽ�ƄƳƹźŝ�ǀ��Źŵ�Ʃƺéîŝ�ǀƟ�ƶŝ�ǈŤŞƯ�ŹŚưǀŹ�ŻƹźŞ�ºƿƺƽ��ƶºĩ�
ŝ�ŹŚºººģŵǀŹŚºººưƽ�ŚºººƷƽŗƺĩŹŚºººſ�ǀƹ�ŻƹŶ�Źƶºººƿ���ƽƱřŻŹƹŚƄºººƧ� �

�Farmers�Ѵ Lung�Ƶŵƺººŝ��ŶººƳř�řżººƟř�ƿ�Ƃƿ�Ţººſř�ƶººŤƟŚ�èå���
ƁŹřżĭ�ŚƷƿƾ���ţ�ŵŹƺƯ�Źŵ�Őŧǀ��źŹƺƠƫƺſ��ŵŹŚŤſƺƯ����řżºƟř�Źŵ�ƿ��ŵřŻō�Ƃ
��ƱŶƃƶƐſřƹ��ƽŚƷ�ŤƟŚŝ�ƾ��ŰƯ�Źŵ�ǀ���ŵŹřŵ�ŵƺūƹ�ŢƄĩ�Ǝ��èæ���ř�ºƿ�Ʋ
ƤŰţǀƢ�����ƶĩ�ŵřŵ�ƱŚƄƳHTM�ƺſ�šřźŧř�Żř�Ō��ŹƺƠƫƺºſ����ŵŹŚŤºſƺƯ

�Ź�ŢƟŚŝ�źŝƿƶŤſŚĩ�ƶƹ�Ƴ�ǀ��Ź�ƉŹřƺºƗ�Żƹźºŝ�Żř�ż�ºƿƺƽ��Ʊō���Ŷºů�Śºţ
ŻººƿŵŚƽĭƺººƬū�ǀźƽ�Ţººſř�Ƶŵźººĩ���ººƴƘƯ�ƂƷŚººĩ�ƾ��ŵřŶººƘţ�Źřŵ

ŢſŚƯ�ƪſ�ŚƷƽ���Ƶŵźě�Źŵ�ŵƺūƺƯ���ƽ��Ź�Ŝƴū�ƿƶ��ƽ�ƁƺƯ��ŚƷƽ���Ƶŵƺºƫō�
��ƶŝŹƺƠƫƺſ��ŵŹŚŤſƺƯ���ƹŹřŵ�ƶĩ�ƽ�HMT��Źŵ�řŹ�ƿ��ƵŵƺºưƳ�ŢƟŚ��ŶºƳř��
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řżƟřƿ�ƴƘƯ�Ƃƾ���ŢſŚƯ�ŵřŶƘţ�Źřŵ�ƪſ�����Ƶƹźĭ�Źŵ�ŚƷHD���ŚºŤƳ�Śŝ�ƿ���ƶºŝ�Ū
���ř�Ǝſƺţ�ƵŶƯō�ŢſŵƿƳŚưƾ�����ƺƀºưƷ�ƱřŹŚºĪưƷ�ƹ�ƾƿ����Ţºſř�ƶŤºƃřŵ��

�æå�����Ư�źƔƳ�ƶŝƾ���Ʊō�Żř�ŶſŹ���Śºūƾƿ�����ƩƺºĪƫƺƯ�ƶºĩ�HMTřŹřŵ�ƽ�� �
é��Ƴ�Ʈţř�ǀ��ƟƺŘƬĩƺƳ�ƱĥƹźºŤǀƬ�ºǀ��ºƯ�Ĩƾ���ř��ŶºƃŚŝ�ºƿ�Ʈºţř�Ʋ����Śºŝ�ŚºƷ�ºƿ�Ʊƺ
ěřƾ�ƳƺƠƫƺſǀ��ƭƺ�řƿ����Ǝſƺţ�ƵŶƃ�ŵŚŬŹƺƠƫƺſ��ŵŹŚŤſƺƯ�����ũŹŚų�Źŵ

Ƶŵřŵ�Ƃƴººĩřƹ�ƩƺƬººſ�ŹŚŤººſƺƯ�ŵƹŹƹ�Żř�ººŝ�ŵƶ��ƩƺƬººſ�ƱƹŹŵ��ŚººƷ
ĭƺƬūǀźƽ��ºƯ�ƾ��Ŷºƴĩ��æë�����ºƟźƏ�Żř�ƾ�HMT�������ƪºƯŚƗ�ƱřƺºƴƗ�ƶºŝ�
ŤƔƟŚŰƯƾ����ƃ�ƪƯŚƗ�źŝřźŝ�Źŵ�ǀưǀŚƾƿ�Ɵ�Ħƀ��Ʊƃ�����ƶºĩ�Ţſř�ƵŶƃ�ƶŤųŚƴ

�źſ�Ƃƴĩřƹƿ�ŝ�Ɩǀ��ƲHMT��Ɵ�ƹ�Ħƀ�����Īƫř�ƪºưƗ�Żř�ƖƳŚƯ�Ʊǀ�ƶºƬ���ƵŶºƴƴĩ
ƟĦƀƱ��ƹźĩŚƯ�źŝ��ƩƺĪƫƺƯ�ŚƷƽ�ƫƺƬſ�ƾ��Ţſř�ƶŤƄĭ���æí����ƺſ�Żřƾƿ�

HMTººŰƯ�Źŵ�ǀƳ�ŢƄººĩ�ƎººǀřŹřŵ�żƽ�ŤƔƟŚººŰƯ�šřźººŧř�ƾ�źººŝ�
ƩƺƬſ�ŚƷƽ�ěſƺƯƺƴǀ�ƳŚƀƳř�Ţƾ�êéîA����źŝřźŝ�Źŵ�ŹƺƠƫƺſ��ŵŹŚŤſƺƯ��

���Ţſř�Ƶŵƺŝ�æì�����šŚƘƫŚƐƯ����ƾſŶƴǀƫ�ƹ�ƹŹŶƳō�æë�����ŵřŵ�ƱŚƄƳ���ƶºĩ
HMT�ŵŹřƺƯ�Źŵ�ƽ�Śŝ�ƱŚƯżưƷ�ƶĩ�ŹƺƠƫƺſ�ŵŹŚŤſƺƯ���ºŰƯ�ƶºŝ�ǀ�Ǝ

Ƅĩ�Ư�ƵŵƹżƟř�Ţƾ�ŚƳřƺţ�ŵƺƃƿƾŤƓŚƠů�ƾƴĤưƷ�ƹ�ƶŤƃřŵ�ǀ�ƳŚºƯŻ�Ʋƾ�
�ě�ƶĩǀ���Żř�ƂŹƺƠƫƺſ��ŵŹŚŤſƺƯ���ŰƯ�ƶŝ�ǀ��Ư�ƵŵƹżƟř�Ǝƾ��ŵƺºƃ����ƂºƤƳ�

ŤƓŚƠŰƯƾ�ƴƘƯ�ƾ�Źřŵƽ���ř�ƹ�ŵŹřŵ�ƿ�ŚŤƳ�Ʋƿ���ƶŝŚƄƯ�ŪƿƶŤƟŚ�ŚƷƽ��ƾºſŶƴǀƫ�
��ƹīŹƺŞƯŚƷ��ƹŹ�źŝ�ƽ�ƩƺƬſ��ŚƷƽ�êéîA��ŰƯ�Źŵ�ǀ��Ư�ŢƄĩ�Ǝƾ�ŶƃŚŝ�
�æì����ƺſ�Żř�ƾƿ�ŵ�ƿ�ƤŰţ�źĮǀ��ŰƯ�Źŵ�šŚƤǀ���ŚƄºƳ�ŢƄĩ�Ǝ����ƶºĩ�ŵřŵ�Ʊ

��ƱŵƹżƟřHMT�����Żř�ŶºƘŝ��ŹƺƠƫƺºſ���ŵŹŚŤºſƺƯ���ºŝ�ºŰƯ�ƶǀ��ŢƄºĩ�Ǝ
ƷǀŚŰƯ�ƂƤƳ�ƶƳƺĮĤŤƔƟƾƳŚƯŹŵ�ƹ�ƾŢſř�ƵŵřŶƳ�ƱŚƄƳ�řŹ���æì�����
ŚŤƳƿ����ř�Żř�ƪºƇŚů�Ū�ºƿ�ƤŰţ�Ʋ�ºǀ��Ƣ�ƱŚƄºƳ�ŵřŵ����ƶºĩ�HMT���Ƶƹźºĭ�Źŵ�� �

Post���ƹ�Pre�������ŢſŚƯ�ŵřŶƘţ�ƂƷŚĩ�ƹ�śŚƸŤƫř�ƂƷŚĩ�ŦƗŚŝ��ƪſ��ŚƷ
�ŚƤƯ�Źŵƿ����Ƶƹźĭ�Śŝ�ƶƀHD����ř�ƶĩ�Ţſř�ƵŶƃ�ƿ����ƱŚƄºƳ�źºƯř�Ʋ�Ʒŵ�ƵŶºƴ��ƽ�
�ƂººƤƳ�ƾƳŚººƯŹŵ�ƹ�ƾŤƔƟŚººŰƯHMT�Źŵ�invivoŢººſř�Ƶŵƺººŝ��� �

��
ŤƳǀƶŬ�ĭǀźƽ���

�����ŤƯřżĮƷǀƲƬ�źŤţřƯōǀ�řŹřŵ�Ʋƽ����ŤƔƟŚºŰƯ�šřźºŧř�ƾ���ƳŚºƯŹŵ�ƹ�ƾ���źºŝ�
Ź�ŢƟŚŝƿƯ�ƶƾ�ŶƃŚŝ����
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Visceral Layer Mast Cells in Rats after Exposure to Sulfur Mustard (HD). 
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Background and Objective: Sulfur mustard is a potent chemical vesicant warfare agent that remains a significant 

military and civilian threat. Inhalation of sulfur mustard gas causes inflammation and injury to airways and 

bronchioles. Mast cells promote allergic reactions when exposed to some chemical compounds such as HD. 

Hexamethylenetetramine has been shown to protect human lung cells against HD toxicity and has also been 

shown to be effective against the chemical warfare agent phosgene in vivo. The aim of this study was to evaluate 

the effects of HMT on the number of mast cells in the lamina propria of visceral layer of pleura in male rats after 

exposure to sulfur mustard. 

Materials and Methods: Twenty seven Albino Wister male rats weighting 200±20 gr were randomly divided into 

5 groups (Normal Saline (N.S), HMT, HD, Pre-exposure and Post-exposure). HD,�Pre-exposure and Post-

exposure groups received sulfur-mustard and N.S group received Normal Saline as a solvent by intratracheal 

catheter. HMT, Pre-exp and Post-exp groups received HMT via intra-peritoneal for 14 days. After the day 14, 

body weight changes, the rate of lung tissue injury and the number of mast cells measured in the pleura's visceral 

layer of the rats' lungs. 

Results: Histological examination and mast cells count showed no significant difference when compared among 

NS, HMT, Pre-exposure and Post-exposure groups. However, significant reduction was seen in the number of 

mast cells in HMT and NS groups in comparison with the HD group (p < 0/001). The number of mast cells in the 

Pre-exposure and Post-exposure groups was also significantly lower than that of the HD group (p < 0/001). 

Conclusions: From the results of this study it can be concluded that HMT may have a positive protective and 

therapeutic effect on lung tissue in rats.  
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