
Accepted Manuscript

Title: Alterations in HO-1 expression, heme oxygenase
activity and endogenous NO homeostasis modulate
antioxidant responses of Brassica nigra against nano silver
toxicity

Authors: Rayhaneh Amooaghaie, Fatemeh Tabatabaei,
Alimohammad Ahadi

PII: S0176-1617(18)30043-9
DOI: https://doi.org/10.1016/j.jplph.2018.01.012
Reference: JPLPH 52734

To appear in:

Received date: 1-4-2017
Revised date: 4-12-2017
Accepted date: 16-1-2018

Please cite this article as: Amooaghaie Rayhaneh, Tabatabaei Fatemeh,
Ahadi Alimohammad.Alterations in HO-1 expression, heme oxygenase
activity and endogenous NO homeostasis modulate antioxidant responses
of Brassica nigra against nano silver toxicity.Journal of Plant Physiology
https://doi.org/10.1016/j.jplph.2018.01.012

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.jplph.2018.01.012
https://doi.org/10.1016/j.jplph.2018.01.012


 1 

Alterations in HO-1 expression, heme oxygenase activity and 

endogenous NO homeostasis modulate antioxidant responses 

of Brassica nigra against nano silver toxicity 

 

 

 

3, Alimohammad Ahadi2 , Fatemeh Tabatabaei1* Rayhaneh Amooaghaie 

Biology Department, Science Faculty, Shahrekord University, Shahrekord, Iran1,2 

Genetic Department, Science Faculty, Shahrekord University, Shahrekord, Iran3 

 
 

Short title: nanosilver, HO, NO  

 

Corresponding author: Rayhaneh Amooaghaie 

 

Affiliation: 

Biology Department, Science Faculty, Shahrekord University, Shahrekord, 

Iran 

Phone number: 03814424419 

Fax number: 03814424419 

Mobile phone: 09133029290 

E-mail: Rayhanehamooaghaie@yahoo.com 

 

 

Silver nanoparticles (AgNPs) are one of the most widely-used nanomaterials, 

which are toxic and can cause physiological disorders in plants. The aim of the 

present study was to investigate whether a possible signaling link between 

heme oxygenase (HO) and nitric oxide (NO) is implicated in alleviating the 

toxicity of AgNPs as well as AgNO3. The results showed that exposure to 400 

mg L-1 of AgNPs or AgNO3 reduced the chlorophyll content and the growth 

parameters in Brassica nigra. Data on Ag accumulation as well as the 

evaluation of lipid peroxidation and the H2O2 content in roots and shoots 

revealed that AgNP exerted more toxicity than AgNO3. Applying AgNP and 

AgNO3,
 respectively, increased HO transcripts by 87.5 and 37.3% and elevated 

the endogenous NO content 51.8 and 28.5%. The application of both hematin 
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