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Abstract: 

The effect of arsenate with or without paeonol on the growth and metabolism in rice seedlings of Basmati 

rice was studied. In the test, cv. arsenic was more toxic for root growth, than for shoot growth, where root 

hairs were less and short, roots were characteristically stubby, brittle and root tips gradually turned brown. 

Arsenic caused damage to the root epidermal cells and the aerenchymatous cortex. The levels of total 

chlorophyll, chlorophyll-a, chlorophyll-b and fluorescence intensity were decreased in arsenic treated rice 

seedlings. Arsenic toxicity affected the activities of different antioxidant scavenging enzymes in the test 

seedlings. Activities of superoxide dismutase and ascorbic acid oxidase were increased, whereas catalase and 

catechol peroxidase activities were decreased by arsenic application. In these seedlings, oxidative stress has 

been observed with arsenic treatments, and the levels of proline and H2O2 have increased. The combined 

application of paeonol and arsenic showed significant alterations on all parameters tested under the purview 

of arsenic treatment alone, leading to better growth and metabolism in rice seedlings. Thus, the use of 

paeonol in arsenic contaminated soil may improve the production of healthy rice plants. 
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Introduction 

In recent years, toxic metals have received 

considerable attention as a consequence of the 

increased environmental pollution from 

industrial, agricultural, energetic, and municipal 

sources. Arsenic contamination is wide- spread 

due to geologic and anthropogenic activities 

such as melting operation, fossil fuel 

combustion (Nriagu and Pacyna 1988) and 

arsenic based agro- chemicals, fertilizer and 

disposal of municipal and industrial wastes 

(Requejo and Tena 2006). It is one of the 

world’s most serious ecological toxicants entering 

the cell cycle through topographical and 

anthropogenic activities (Chowdhury et al., 2018) 

with an elevated concentration in drinking water 

(McCarty et al., 2011) particularly in South East 

Asia, causing carcinogenicity (Chandrakaret al., 

2016; Mehmood, et al., 2017) and other chronic 

diseases to millions of human beings and animals 

via plants (Zhu et al., 2019). 

 

Rice is one of the main crops in India 

particularly in West Bengal  and  arsenic  

contamination  of  rice is a newly uncovered 

disaster on a massive scale (Meharg 2004), 

where millions of humans are at risk of arsenic 

poisoning due to drinking of arsenic- 

contaminated water (Pearce 2003). Further, 

irrigation of soils with arsenic-contaminated 

water significantly elevates the arsenic levels in 

the soil. Its everely affects the growth and 

development of plants, and causes toxicity 

resulting in various biochemical and physio- 

logical disorders (Li et al. 2006). Constant 

arsenic toxicity is related to a few sorts of chronic 

infections including skin, bladder, lung, liver, 

kidney malignant growth (Waalkeset al., 2004) in 

people, while in plants arsenic up-take adversely 

affects the plant metabolism and lead to bring 

about different physiological and biochemical 

variations from the norm (Li et al., 2006) and 

hinders the development of plants in various 

manners (Singh et al., 2015), for example, 

restraintof seed germination, lessened 

development in the root and shoot (Tang and 

Miler, 1991), Low yield of foods grown from the 

ground (Marin et al., 1992). Arsenic is among the 

toxic metals concentrated to the generation of 

ROS such as superoxide radical (O2-), hydroxyl 

radical (OH) and hydrogen peroxide (H2O2) in 

different cell frameworks (Shahid et al., 2017) and 

causes oxidative stress (Shi et al., 2004), which 

bringing about cell damage by enacting oxidative 

flagging pathways. These reactive oxygen species 

can be constrained by increasing the production of 

various enzymes such as SOD, APX, GPX, CAT, 

glutathione reductase and externally supplied 

antioxidants especially polyphenolic compounds. 

 

Paeonol is a major bioactive ingredient of cortex 

moutane (Paeonia suffruticosa) which is utilized 

as a homegrown cure in treating different 

infections. It has an assortment of corrective 

impacts including its antibacterial (Rehman and 

Mairaj, 2013), antifungal (Mairajet al., 2016), 

mitigating,cancer prevention agent, (Sun et 

al.,2004), invulnerable framework strengthing, 

antimutagenic activities mutagenic activities 

(Hsieh et al 2006), antidiabetic (Valensiet al., 

2005). It improved liver capacity in hepatoxic 

rodents (Bendonget al., 2012), upgraded blood 

flow through its inhibitory consequences for both 

platelet conglomeration and blood coagulation 

(Abraham et al.,2003), brought down histopatho- 

logical scores and lessened myelope-roxidase-

receptivecells of polymorphonuclear neutrophils 

accumulation. 

 

Inthecurrent examination,we study the role of 

pretreatment of rice seeds with paeonol extracted 

from the root of paeony suffruticosa plant 

weinvestigatedthearsenic induced toxicity in 

rice (Oryza sativa L.) by studying the 

morphological and anatomical changes, the  

degree of oxidative damages, changes in the 

level of chloroplasticpigments and oxidative 

enzymes.  

 

Materials and methods 

Chemical 

Chemicals used for the analysis were of analytical 

grade and purchased from Sigma-Aldrich/ Merck. 

Paeonol was extracted from the root of Paeonia 

suffruticosa plant. 

 

Isolation of paeonol (2-hydroxy-4-methoxy 

acetophenone) 

The root of the Paeonia suffruticosa plant is 

sterilized with 70% ethanol followed by 0.1% 

mercuric chloride (HgCl2), shade dried and 

powdered. Then 50 g of the dried powdered root 

was transferred into a conical flask containing a 

sufficient amount of ethanol and macerated for 

about seven days. The dried plant extract was 

analyzed for the qualitative analysis of its 

secondary metabolites by standard protocols.The 

active phenolic component (Paeonol) was isolated 

from other secondary metabolites of dried root 

extract by steam distillation (Chen et al., 2017). 

The distillate is collected set at 4ºC overnight. The 

crystal was dried in a silica gel desiccator (m.p. 

50ºC) and characterized by different parameters 

and spectral analysis. 
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Plant material and treatments 

Rice (Oryza sativa L.) seeds Basmati  obtained 

from the Indian Agriculture Research Institute 

(IARI) New Delhi, were surface sterilized with 

HgCl2  (0.1%,  w/v) for about 30 seconds, after 

that seeds were washed 2-3 times by double 

distilled water and devided into two group. One 

group of seeds that will later be treated with only 

arsenic were soaked in double distilled water 

while another group of seeds was soaked in 

paeonol concentration range 10, 50 and 100 μM 

for pretreatment for one day. These seeds were 

then transferred to Petri-dishes and kept in the 

culture room at 27ºC for 5 days in dark condition 

for proper germination. The seedlings were grown 

in a medium (Dave et al., 2013) for 10 days before 

treatment and then exposed to AsIII concentration 

range  0, 10, 50 and 100 μM for a weak at 27ºC in 

a humidified culture chamber. All treatments were 

in triplicate. After a weak all plants were 

harvested, rinsed by double-distilled water and 

used for different parameters. 

 

Morphological and anatomical studies  

The root and shoot lengths of arsenic treated 

andand joint application with paeonol rice 

seedlings were measured followed by anatomical 

studies. The sections were stained with 0.25% 

safranin (w/v) for tissue differentiation and 

mounted in 10% glycerine (v/v) and observed 

under light microscope and photographed with a 

digital camera fitted to a microscope. 

 

Chlorophyll and carotenoid contents 

Total chlorophyll, chlorophyll-a and chlorophyll 

-b contents were measured from the rice leaves 

according to Arnon (1949). For this, 1 g of fresh 

leaves were extracted with 25 ml 80% acetone 

(v/v) and chlorophyll contents were estimated 

spectrophotometrically at 645 nm and 663 nm. 

The chlorophyll contents were expressed in 

terms of mg chlorophyll present g—1 

 

Antioxidant enzymes assay and oxidative stress 

markers assay 

Treated and untreated rice seedling samples were 

homogenized in a chilled mortal with 3 ml 0.1 M 

Na3PO4 buffer at seven pH having 1.0% 

polyvinyl polypyrrolidone, 1.0 mM disodium-

EDTA and 0.5 M sodium chloride.The 

amalgamate were centrifuged at 10,000 rpm about 

15 minute at 4 C andthe supernatant was utilized 

to determine APX, SOD, CAT, GPX activities. 

The ascorbate peroxidase was estimated according 

to Nakano and Asada (1987) The superoxide 

dismutase was measured as per Beauchamp-

Fridovich (1971) via assessing the inhibition of 

the reduction of NBT-dye by superoxide 

dismutase anion. The GPX-activity was estimated 

as per Hammer Schmidt et al., 1982. The catalase 

was assessed according to Aebi (1984) The 

malondialdehyde content was assessed according 

to theimproved method of Hodges (1999).  

 

Statistical analysis 

All investigations were conducted triplicate in 

structure. Analysis of variance (ANOVA) was 

done with all the data to confirm the variability of 

data and validity of results and Duncan’s multiple 

range test (DMRT) was performed to determine 

the significant difference between treatments at 

(p<0.05). 

 

RESULTS AND DISCUSSION 

The level of pigment concentration and 

antioxidants [APX, CAT, SOD, GPX] of seven 

days oldpaeonol pre-treated rice seedling, exposed 

to applied concentrations (100 μM, 50 μM and 10 

μM) of arsenite, paeonol and their dose treatment 

of paeonol with As exposure were shown in Fig 1 

and 2. 

 

Effect of arsenic on seedlings growth and root 

anatomy Arsenic exposure to the growth of rice 

seedlings caused a significant reduction in root 

and shoot lengths (Figure 1). This inhibitory effect 

was more prominent on root than on shoot length. 

The root length was decreased significantly in 50 

mM and 100 mMarsenic treatments which was 

more than 47% reduction, on average. In contrast, 

the reduction in shoot length was comparatively 

lower amounting to 32% reduction, on an 

average.When rice seedlings were treated with 

arsenic along with paenol, rootas well as shoot 

lengths were increased as compared to only 

arsenic treatments (Figure 1) and those were 12% 

and 5% increments on an average in root and 

shoot growth, respectively. 
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Figure1. Effect of arsenate and paeonol on root and shootlength in rice (cv. MTU 1010) seedlings. 

 

Effect on pigment contents 

There was a linear decrease in the levels of total 

chlorophyll, chlorophyll-a, chlorophyll-b, under 

increasing concentrations of arsenic treatments. 

Compared to water control, the pigment 

contents decreased, on an average,by 32% 

fortotalchlorophyll,30%forchlorophyll-

a,24%for chlorophyll-b (Table 1). But when 

treated with paenol it was observed that 

increase a significant level in total 

chlorophyll, chlorophyll a and chlorophyll b 

content increased as compared to water 

control. 

 

It was further observed that in case of joint 

application of paeonol with arsenic, total 

chlorophyll, chlorophyll a and chlorophyll b 

content were 

increasedinall(arsenicpaeonol)treatedsamplesas 

compared to samples treated with arsenic 

alone (Table 1),  

 

Table 1. Effect of arsenate (Na2HAsO4.7H2O) and paeonol (C9H10O3) applied either singly or in 

combination on the chlorophyll contents in rice (cv. MTU 1010) seedlings. The data were recorded from 

seven-day-old rice seedlings. 
Treatments Total Chl (mg g—1f w) Chl-a(mg g—1f w) Chl-b (mg g—1f w) 

Control 0.2290 0.1190 0.0490 

Arsenate 10 (µM) 0.1990 0.1090 0.0480 

Arsenate 50 (µM) 0.1390 0.0720 0.0390 

Arsenate 100 (µM) 0.1290 0.0690 0.0250 

Paeonol10 (µM) 0.2310 0.1290 0.0690 

Paeonol 50 (µM) 0.2330 0.1290 0.0690 

Paeonol 100 (µM) 0.2330 0.1290 0.0690 

Arsenate 10 (µM) + Paeonol50 (µM) 0.2160 0.1270 0.0490 

Arsenate 50 (µM) + Paeonol 50 (µM) 0.1690 0.1050 0.0470 

Arsenate 100 (µM) +Paeonol 50 (µM) 0.1490 0.0800 0.0310 

 

Effect of antioxidant 

The APX increased by 33%, 44% and 82% in 

roots while in same pattern increase in shoot with 

treated 10 µM 50 µM and 100 µM,respectively as 

compared to control with As accumulation. Upon 

paeonol pretreatment under the same day and 

same concentration as As treatment, the APX 

decreased in root and shoot as compared to control 

and positively correlated with As accumulation. 

Upon dose treatment of paeonol along with As the 

increased level of APX in root and shoot was 

reduced as compared to only As treated rice 

seedling under the same concentration only and 

was positively correlated with As accumulation 

was shown (Fig 2a). 

The CAT increased very high  in root and shoot at 

7 d pre-treatment with 100 μM, 50 μM,10 μM As  

respectively and was positively correlated with As 

accumulation. Upon paeonol pretreatment under 

the same condition, the CAT decreasedin roots 

and shoots  as compared to control.Upon those 

treatment of paeonol along with As  the increased 

level ofCAT in root and shoot was reduced as 

compared to As treated rice seedling under the 

same concentration(Fig 2b).. 

 

The GPX increased very high  in root and shoot at 

7 d pre-treatment with 100 μM, 50 μM,10 μM As 

respectively and was positively correlated with As 

accumulation. Upon paeonol pretreatment under 
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the same condition, the GPX decreased in roots 

and shoots  as compared to control.Upon those 

treatment of paeonol along with As  the increased 

level of GPX in root and shoot was reduced as 

compared to As treated rice seedling under the 

same concentration (Fig 2c). 

The SOD increased very high  in root and shoot at 

7 d pre-treatment with 100 μM, 50 μM,10 μM 

Asrespectively and was positively correlated with 

As accumulation. Upon paeonol pretreatment 

under the same condition, the SOD decreased in 

roots and shoots  as compared to control.Upon 

those treatment of paeonol along with As  the 

increased level of SOD in root and shoot was 

reduced as compared to As treated rice seedling 

under the same concentration (Fig 2d).. 

 

 
(a) APX 

Figure2 (a). Effect of arsenate and paeonol APX contents in rice (cv. MTU 1010) seedlings. 

 

 
(b) CAT 

Figure2(b). Effect of arsenate and paeonol CAT contents in rice (cv. MTU 1010) seedlings. 

 

 
(c) GPX 

Figure2(c). Effect of arsenate and paeonol GPX contents in rice (cv. MTU 1010) seedlings. 
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(d) (SOD) 

Figure2(d). Effect of arsenate and paeonol SOD contents in rice (cv. MTU 1010) seedlings. 

 

CONCLUSION 

In view of the outcomes, it inferred that the 

assimilation of As by rice plant roots and shoots 

was fundamentally decreased within the sight of 

paeonol, prompting an expansion in plant growth 

and biomass, which may clarify on the formation 

of a non-poisonous complex with paeonol. 

Pigment content (total chlorophyll, chlorophyll a 

and chlorophyll b) decreased with supplement by 

arsenic.The oxidative stress caused by arsenic may 

increase the activities of antioxidative enzymes 

like ascorbateperoxidase (APX), glutathione 

peroxidase (GPX) catalase (CAT) and superoxide 

dismutase (SOD). Paeonol supplementation with 

arsenite causes a significant decrease in 

antioxidentlevels, which shows the mitigating 

impact of paeonol on oxidative stress achieved by 

arsenic. Therefore paeonol plays a protective role 

against the oxidative stress brought about by 

arsenic. It concluded that toxic arsenic, liable for 

oxidative stress may be converted to the non-lethal 

complex by the interactionpaeonol and play an 

important role in plant growth under arsenic 

stress. 
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