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Abstract: Concerns about nanoparticles environmental pollution risk have been increased globally due to an increase in the production of nanoparticles in 
recent years and their use in diverse cases. The purpose of this experiment was to study the alleviation effect of humic acid on nanoparticles toxicity in greenhouse 
conditions. Thus two separate experiments were conducted at the rosette growing stages of rapeseed in a factorial experiment as a completely randomized design 
with three replications. The first factor was copper and zinc oxide nanoparticle in five concentrations of 0, 500, 1000, 1500, 2000 mg.L-1 in each of experiments and 
the second factor was humic acid in two concentrations of 0 and 100 mg.L-1 in both experiments. The results showed that simultaneously application of humic acid 
and the nanoparticles resulted in increasing of chlorophyll, protein contents, and antioxidants enzymes activity. For example, the maximum activity of catalase was 
170.72 and 296.82 µmol.min-1.mg-1 proteins when CuO nanoparticle was utilized alone and together with humic acid respectively. Also increasing the concentration 
of CuO nanoparticle reduced protein content from 2.44 to 1.88 (mg.gr-1 Fresh leaf weight), while its range was 2.86 and 2.49 (mg.gr-1 Fresh leaf weight) when 
adding the humic acid. Transmission electron microscopy images of root tissue confirm the decreasing of nanoparticles entrance to plant cell and tissue by humic 
acid. In general, application of humic acid alleviated the nanoparticles toxicity, due to the high adsorption capacity that is able to get out the metals from plants or 
like-hormonal activity probably.
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Introduction

It is expected that nanoparticles (NPs) can be acci-
dentally or incidentally released into the environment 
due to a wide range of their applications (1, 2). The NPs 
potentially hazardous effects have been lead to the in-
creasing amount of research on ecotoxicity. However, 
studies on the toxicity of NPs are still emerging and ba-
sically evidence several negative effects on the growth 
and development of plants (3, 4). Copper oxide (CuO) 
and Zinc oxide (ZnO) NPs are mostly used as a UV light 
scattering additive in cosmetics such as sunscreens, 
kinds of toothpaste and beauty products. Also, ZnO 
and CuO NPs are widely used in rubber manufacture, 
production of solar cells, chemical fibers, electronics 
and textiles. (5, 6). Then, this high volume uses of ZnO 
and CuO NPs in many used industries that will release 
them to many environmental ecosystems will confirm 
the need to investigate their effects on living organisms, 
including plants. ZnO and CuO NPs have also included 
in a list of 14 representatives manufactured NPs for tes-
ting by the organization for economic cooperation and 
development (7). 

Humic acid as a natural organic matter (NOM) is a 
mixture of various organic compounds derived from the 
residual components of plants and animals, and it has 
a weak acid pH range of 3.8 to 5 (8). There are limited 
studies on the interaction between humic acid and NPs 

(9). For example, it was reported that the TiO2 NPs has 
been aggregated by NOM (10). NOM had a large in-
fluence on the amount of CeO2 by inhibiting the sorp-
tion of NPs to roots (11). There has been also reported 
that humic acid plays an important role in reducing the 
toxicity of NPs and even more effective than folic acid 
in the stability and sustainability of NPs (12). 

Plants play a critical role in the destiny and move of 
NPs in the environment through plant uptake and bioac-
cumulation. Even though scientific investigation on 
plant uptake and accumulation of NPs is still in its basic 
stage, some new publications have been added to the 
literature in the past few years yielding new advances 
in the area of NPs toxicology and uptake by plants (13). 
Rapeseed (Brassica napus) is the third source of vege-
table oil after palm and soybeans and is an important 
source of food and pharmaceutical in the world (14-16). 
Rapeseed is documented as fast-growing metal-accumu-
lator species, constituting a good candidate for induced 
phytoextraction (17-19). The condition of rapeseed 
plantation in Iran is such that the forecast for harvesting 
in 2019 is about 180 thousand hectares and production 
is more than 300 thousand tons. As a result, the study 
of reducing the toxicity of nanoparticles is a priority for 
theoretical research the organic matter, such as humic 
acid, on rapeseed. Although there are no specific tes-
ting guidelines for nanotoxicity, so the United States 
Environmental Protection Agency (EPA) guidelines for 
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chemical testing are frequently followed. Phytotoxicity 
assays generally use plants recommended by these gui-
delines; these are mostly crop species and include both 
monocotyledonous and dicotyledonous plants. Econo-
mically or ecologically important non-crop species are 
also studied (20).  

The purpose of this experiment was to investigate 
the effect of humic acid on the biochemical activity of 
rapeseed plant under conditions of application of copper 
oxide and zinc oxide nanoparticles. The study about the 
effect of humic acid on reducing the toxicity of copper 
and zinc oxide nanoparticles in the rosette by investi-
gating the activity of antioxidant enzymes, protein, and 
proline content and it was also investigated the accu-
mulation of copper and zinc oxide nanoparticles, in the 
root tissue of rapeseed, in the presence of humic acid, 
the rapeseed rosette growing stage.

Materials and Methods

Nanoparticles solution set up
CuO and ZnO NPs are commercially purchased 

from Iranian Nanomaterials Pioneers Company. The 
nanoparticles were suspended directly in distilled water 
and dispersed by ultrasonic vibration (100 W, 40 kHz) 
for 30 minutes and the temperature of 50 ̊C. Small ma-
gnetic bars were placed in the suspension for stirring 
before use, to avoid aggregation of the particles (21). 
Table 1 and Figure 1 illustrate the prominent properties 
of nanoparticles used.

Nanoparticles solution set up
The nanoparticles were suspended directly in distil-

led water and dispersed by ultrasonic vibration (James 
Products Ultrasonic Model Heating, 100 W, 40 kHz) for 
30 minute and the temperature of 50 degrees Celsius. 
Small magnetic bars were placed in the suspension for 
stirring before use to avoid aggregation of the particles 
(21). Table 1 and Figure 1 illustrate the prominent pro-
perties of nanoparticles use.

Pot experiment
The experiment was carried out in a greenhouse of 

agricultural and natural resources campus of Razi Uni-
versity of Kermanshah as a factorial based on a comple-
tely randomized design with three replications in 2016 
on rapeseed plant (Brassica napus L.), Okapi cultivar.

The factors include copper oxide nanoparticles 
(CuO) and zinc oxide (ZnO) in five concentrations of 
0, 500, 1000, 1500, 2000 mg.L-1 and humic acid in two 
concentrations of 0, 100 mg.L-1. Humic acid consumed 
by the company (EURO SOLLDS) commercial HURO 
HUMIC as a water-soluble granule with 68% Humic 
acid, 10-30% Folic Acid, 7.5% Potassium Oxide, 12-
22% Organic Nitrogen.

To prepare the soil of the pots, a compound sample 
was prepared from four fields of a research farm that did 
not undergo a few years. Table 2 shows some physical 
and chemical properties of the soil.

In order to prepare seedlings, seeds were cultivated 
in tray transplant (3×3×3 cm) containing cocopeat, and 
after 27 days (double leaf stage), seedlings produced in 
dark pots with a diameter of 10 cm and height of 13 cm 
were transmitted. All the pots were irrigated until field 

capacity with deionized water, and three seedlings of 
rapeseed were planted in each pot.

After seedlings establishment, 200 ml of each of the 
copper oxide and zinc oxide nanoparticles treatments, 
humic acid was added to each pot separately.

Samples were taken at the rosette stage for physio-
logical, biochemical activities. In order to prevent da-
mage to the samples, they were quickly frozen in liquid 
nitrogen and stored at -70 °C until they were placed in 
an aluminum foil.

Assessment of antioxidant enzymes activity
0.5 g of leaf samples were first crushed in a porce-

lain mortar, then two ml of extraction buffer was added. 
The obtained mixture was centrifuged in an Eppendorf 
tube for 15 minutes, with a round of 13000 centrifuges. 
Then, the upper phase was used to read out the amount 
of leaf soluble proteins and the activity rate of antioxi-
dant enzymes.

To measure the rate of activity of the ascorbate pe-
roxidase, 50 μL of extracted extract was mixed with one 
milliliter of ascorbic peroxidase measurement solution. 
Then its absorbance at 290 nm wavelength was measu-
red by a spectrophotometer (Biotek Power Wave xs2) 
after one minute, (22). To calculate the rate of the pe-
roxidase enzyme activity, 33 μL of the diluted enzyme 
extract was mixed with 1 mL of peroxidase substrate 
and read for 20 minutes at intervals of 30 seconds in a 
wavelength of 470 nm (23). The activity of catalase en-
zyme activity was measured by the following methods; 
500 μL of enzyme extract diluted with 1 mL of Phos-
phate-buffered saline 100 mM (pH =7) mixture and the 
reaction was started by adding 500 μL of 60 mM Hy-
drogen peroxide solution. After a certain time, the reac-
tion completed using a 2 mL indicator dichromate (5%) 
acetic acid (3: 1). The test tubes were quickly placed 
in the boiling water bath for 15 minutes. The readings 

Figure 1. The nanoparticles scanning electron microscope (SEM) 
(a and b) and images of X-Ray (c and d). a and c, are related to 
CuO, b and d are related to ZnO.

Nanoparticle
Property

Purity (%) Particle size (nm) Color
CuO 0.99 40 Black
ZnO 0.99 10-30 White

Table 1. Some physical properties of CuO and ZnO nanoparticles.
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Proline content measurement
To measure the proline concentration of 0.5 g of 

leaf, each sample was placed in 10 ml of aqueous sul-
fosalicylic acid solution (3%) and the resulting mixture 
was completely homogenized in a porcelain mortar. 
The homogenized mixture was then straightened with 
Whatman paper No.2 filter. In the next step, two ml of 
this solution were mixed with 2 ml of Nin Hydrine and 
two ml of acetic acid was added to each tube. Then, the 
samples were placed in an ice bath for a few minutes 
at a temperature of 100 ° C for 1 hour in a bath and 
then immediately removed from the bath. After this 
step, four ml of toluene were added to each tube and 
the samples were mixed together for 20 to 15 seconds 
until a completely uniform solution was obtained during 
this experiment; the two supernatant and bottom phases 
were completely detectable in the tube. The supernatant 
phase was used to determine the proline concentration 
in a spectrophotometer (Bio Tek Power Wave XS2) in a 
520 nm wavelength range (27).

Trace of nanoparticles via Transmission electron 
microscope (TEM) analysis in root tissue

To investigate the influence of zinc oxide nanopar-
ticles, copper oxide and humic acid in root cells as the 
first tissue exposed to nanoparticles. After two weeks, 
root samples were prepared for microscopic analysis 
in the Institute of Biochemistry and Biophysics (IBB), 
the University of Tehran and TEM imaging was taken 
at Iran Nanotechnology laboratory using a Transmitted 
Electron Microscope (TEM) (AM model, 208, Phillips, 
Netherlands). Primary fixation of root samples was per-
formed by glutaraldehyde 2.5% for one hour at 4 ° C. 
Then, it washed twice with sodium cocadilat 0.1%; the 
first time for 10 minutes, and the second time washed 
for three hours. The secondary fixation was accom-
plished with azio tetraoxide 1% for one hour. Finally, 
the dehydration step was performed with ethanol 25, 
50, 70, 90, 100% for 10 to 15 minutes. The sample was 
placed in propylene oxide for 20 minutes, and then they 
were placed in an Araldite resin for two to four hours. 
The molded sample was stored at 60 ° C for two to three 
days and then the resin block was prepared. The resin 
molded sample was cut by a cutting ultra-microtome 
machine (model OMU 3, Richart Inc, Austria) with a 
cutting edge of 70-100 nm. Finally, the staining of cut 
samples was done by purely acetate 2% and lead citrate 
1%.

Data analysis
Data analysis of the experiment was performed by 

SAS software (9.2) and charts were plotted with Excel 
(2013). In order to compare the averages, the least signi-
ficant difference test (LSD) was used at the probability 
level of 5%.

Results

Microscopic analysis
Figure 2, presents the electronically micrographs 

of TEM electron microscope achieved rapeseed root 
in treated plants with a concentration of 2000 mg.L-1 
ZnO and CuO nanoparticles, alone and or together with 
humic acid, compared with the control plants. There is 

were taken using a spectrophotometer in an absorption 
spectrum of 570 nm (24). For measuring the rate of su-
peroxide dismutase enzyme activity, first, 50, 100, 150, 
200 μL of the extracted extracts were extracted with a 
final solution of 200 μL extracted into a solution and 
subjected to 4 mL of superoxide dismutase solution 
containing 50 mM Buffer solution of Monopotassium 
phosphate) Was mixed with (pH =7), 75 μM Nitro blue 
tetrazolium chloride, 13 mM L-Methionine, 0.1 mM 
EDTA and 2 mM Riboflavin. Then two extracts without 
extracts containing 200 μL extraction buffer were used 
as control and blanc. Extraction extracts were added and 
the superoxide dismutase solution was added to Kot. To 
react, the mixture was placed in a light chamber for 15 
minutes. Then, the absorbance of the solution was read 
on a spectrophotometer in a wavelength of 560 nm (25).

Protein content measurement
To measure the protein content, 20 μl of the extract 

was diluted in 80 μl of extraction buffer, and five ml of 
the Bradford indicator were added to it, then vertex, and 
its absorbance was read at 595 nm after five minutes 
(26). Standard Bovine Serum Albumin Serum (BSA) 
was used to draw the standard curve: First, 10 mg of 
BSA was dissolved into 10 ml of extraction buffer (This 
solution was considered as 100% solution). To make a 
50% solution, 5 ml of 100% solution was mixed with 
5 ml of extraction buffer. Next, five milliliters of 50% 
solution was mixed with 5 ml of extraction buffer (25% 
solution). To make a solution of 12.5%, 5 ml of 25% 
solution was mixed with 5 ml of extraction buffer and 
extraction buffer was used for zero solution. In the next 
step, from each test tube, 20 μl of solution was remo-
ved and diluted in 80 μl extraction buffer. Within each 
of the tubes, five milliliters of the colored reagent was 
mixed and vertex cooled well and after five minutes, 
the samples were placed on a spectrophotometer and the 
absorbance was read at 595 nm. Then, according to the 
optical absorption values and the soluble concentrations 
of the standard protein curve, they were drawn.

Figure 2. Microscopic analysis of rapeseed root in control plants 
(A), treated with ZnO nanoparticle (B), ZnO nanoparticle with 
humic acid (C), CuO nanoparticles with humic acid (D) and CuO 
nanoparticles (E). Arrows show the nanoparticles accumulation in 
cells.
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recognizable the rupture of the cell membrane and na-
noparticles accumulation inside the cell, compared with 
control clearly (Figure 2a and 2b). It seems that humic 
acid has been controlled the nanoparticles entrance to 
cells and a lower amount of nanoparticles accumulated 
consequently (Figure 2c and 2d). 

The activity of antioxidant enzymes
The activity of all four studied enzymes (catalase, 

ascorbate peroxidase, peroxidase and superoxide dis-
mutase) were affected by humic acid, nanoparticles 
and their interaction (P<0.05) (Table 3). In this respect, 
addition the humic acid to growth mediums followed by 
a synergistic effect on the activity of enzymes for both 
ZnO and CuO nanoparticles. For example, the maxi-
mum activity of catalase was 170.72 µmol.min-1.mg-1 
proteins at what time CuO nanoparticle was utilized 
alone, while it was 296.82 µmol.min-1.mg-1 when CuO 
nanoparticle and humic acid were applied at the same 
time. Also, the maximum activity of catalase was 279.5 
and 323. µmol.min-1.mg-1 proteins in ZnO nanoparticle 
and ZnO together with humic acid growth mediums, 
respectively (Table 2). This trend was observed simi-

larly for other studied enzymes between 1.3 to 3 times 
(tables 4 and 5).

Protein
Based on the results, the nanoparticles × humic acid 

influenced the content of soluble protein significantly 
(Table 3). Results showed that both nanoparticles re-
duced the content of soluble protein, while its reduction 
showed a milder trend when nanoparticles were utilized 
with humic acid concurrently. In fact, humic acid-regu-
lated the nanoparticle effects on protein reduction. For 
example, increasing the concentration of CuO nano-
particle (500 to 1500 mg.L-1) reduced protein content 
from 2.44 to 1.88 (mg.gr-1 Fresh leaf weight), while the 
protein contents were 2.86 and 2.49 (mg.gr-1 Fresh leaf 
weight) in the same nanoparticles concentration when 
adding the humic acid (table 4 and 5). 

Proline
The nanoparticles increased proline content signifi-

cantly and use humic acid resulted in the synergistic ef-
fect on both ZnO and CuO performance (Table 4 and 5). 
Related to ZnO nanoparticle, the most recorded proline 

SOV Df
MS

Catalase Ascorbate peroxidase Peroxidase Superoxide dismutase Protein Proline
Humic acid (H) 1 4396.87** 2.74* 1938.8* 967.82** 0.144ns 674.97**

Copper oxide (C) 4 19677.78** 3.29** 10065.8** 2324.46** 1.633** 442.53**

H × C 4 7945.68** 0.57* 760.9* 300.04* 0.239* 90.45**

Error 20 365.49 0.192 247.27 29.31 0.044 8.64
CV(%) - 10.47 10.04 9.09 9.53 8.58 8.41

Humic acid (H) 1 6026.25* 1.27* 28296.2** 1171.06* 0.0187ns 439.18**

Zinc oxide (Z) 4 30620.6** 7.24** 22279.5** 11250.4* 3.48** 779.8**

H × Z 4 1918.85* 0.92* 5147.1** 1452.2* 0.25* 63.73**

Error 20 622.91 0.102 126.13 35.47 0.035 10.21
CV(%) - 11.67 8.43 5.83 9.53 7.70 9.51

* and ns respectively show a meaningful and non-significant at the probability level of 0.05.

Table 3. Analysis of variance for Activity of antioxidant enzymes, the content of soluble protein and proline under ZnO and CuO NPs in rapeseed.

Humic 
acid

mg.L-1

Copper 
oxide
mg.L-1

Catalase Ascorbate 
peroxidase Peroxidase Superoxide 

dismutase
Protein

(mg gr-1 Fresh leaf 
weight)

Proline
(µmol. gr-1 leaf 

dry weight)(µmol min-1mg protein)

0 0 110.38 2.38 122.04 37.43 3.42 24.52
0 500 141.92 3.9 135.96 37.95 2.44 25.93
0 1000 148.5 4.1 177.05 54.56 2.36 30.35
0 1500 149.31 4.43 189.98 58.72 1.88 32.98
0 2000 170.72 4.49 198.87 66.88 1.78 37.21

100 0 58.83 3.03 99.43 28.19 3.04 21.36
100 500 231.99 4.56 171.88 41.18 2.86 37.67
100 1000 254.4 4.76 195.74 70.98 2.24 39.66
100 1500 261.62 5.12 213.79 83.35 2.49 44.45
100 2000 296.82 5.87 223.45 88.63 1.95 55.17

LSD 32.56 0.74 26.78 9.22 0.35 5.008

Table 4. Mean comparisons of antioxidant enzymes activity, the content of soluble protein and proline in humic acid× copper oxide.

Cu Zn Fe Mn K P Soil Texture OC (%)mg.kg-1

1.2 0.68 5.24 4 356 6.6 Silty-Clay 0.38

Table 2. Some physical and chemical properties of the utilized soil in pots.



33

Reduction of NPs toxicity by humic acid.

Cell Mol Biol (Noisy le Grand) 2019 | Volume 65 | Issue 4 

Afsaneh Yarmohammadi et al.

content was 40.6 µmol.gr-1 dry weight, while it uprose 
to 57.38 µmol.gr-1 dry weight, when ZnO nanoparticle 
accompanied by humic acid. Also, the approximating 
condition was observed in the simultaneous presence of 
humic acid and CuO, where the proline content showed 
increasing by the 1.48 compared to condition with no 
humic acid.

Discussion

TEM images show damage to the cell wall as com-
pared to the control group. Probably the cause of this 
damage is the high accumulation of nanoparticles of 
zinc oxide and copper and the formation of oxidative 
stress, and as a result, inhibits the growth of rapeseed. 
After the entrance of nanoparticles into cells, they are 
transmitted from one cell to another via plasmodesma. 
It is also possible that nanoparticles lead to pore enlar-
gement or the induction of new pores in the cell wall, 
which in turn increases the absorption of nanoparticles. 
Nanoparticles can be transmitted through the carrier 
proteins or ions channels in the cytoplasm and linked 
to different cytoplasmic organs and interfere with meta-
bolic processes (28). The uptake of silver nanoparticles 
from the media was also confirmed through transmis-
sion electron microscopy of tissues from treated Bras-
sica juncea seedlings (29). 

The interaction between humic acid carboxylic 
groups occurs with nanoparticles, and the changes in the 
surface of the nanoparticles with humic acid significant-
ly reduce the total surface of the nanoparticles, resulting 
in a reduction in toxicity (30). There was also obser-
ved the effects of natural organic matter on reducing the 
toxicity of heavy metals such as copper, zinc, cadmium, 
and lead on potatoes (31).

Humic acid can change nanoparticles toxicity and 
mobility in different environments by binding to va-
rious biotic toxins, so the interaction of nanoparticles 
and humic acids is of particular interest from the envi-
ronmental point of view. Since natural organic matter 
acts as a carbon source, it can also increase the soluble 
carbon content of the soil. The metal carbon-soluble or-
ganic carbon forms the metal-carbon compound, which 
reduces the absorption of these elements by plants and 
even microorganisms. In fact, one of the reasons for the 

growth and activity of plants in soils infected with me-
tals due to the addition of organic matter is the increase 
of soluble organic carbon which creates an environment 
suitable for plant growth (32, 33). On the other hand, 
natural organic materials are more suitable than other 
metal adsorbents, due to their low cost, high abundance 
and the presence of functional groups such as hydroxyl, 
carboxyl, and phenol (34, 35). 

In general, studies have shown that humic acid re-
duces the toxicity of metals in two different ways: first, 
the amount of free metal ion decreases due to the metal 
exchange reactions and the formation of total metal-
metal reduce the bioavailability of metals, and second, 
the humic acid adsorbed at the root surfaces protects the 
cells from free metal ions (35). Another study repor-
ted that the use of vermicompost reduced the cadmium 
content by about 70% and also affected plant toxicity 
(36).

Similar to the results of this experiment, an increase 
in the activity of catalase enzyme has been reported in 
the treatment of metallic NPs of CeO2 (11) and ZnO in 
buckwheat (Fagopyrum esculentum) (37). It has also 
been documented the increased activity of the enzyme 
peroxidase due to the application of TiO2 NPs in spinach 
(Spinacia oleracea) (38). In respect with an increase in 
the activity of the enzyme superoxide dismutase, reports 
are presented, such as the effect of ZnO on increasing 
the activity of ascorbate peroxidase as a result of nano-
particle treatment (39). 

Under non-stress conditions, there is a balance 
between the production of active oxygen species and 
the capacity for sweeping these compounds by an an-
tioxidant defense system (enzymatic and non-enzyma-
tic). However, under stress conditions, the production of 
active oxygen species increased their capacity to sweep 
them by the antioxidant defense system. As a result, 
oxidative stress occurs, so changing the capacity of the 
antioxidant defense system is essential to counteract 
oxidative stress. Although superoxide dismutase acts 
at the front of defense against active oxygen species, 
its product, hydrogen peroxide, is still toxic and should 
be removed from the cell. Some enzymes such as cata-
lase contribute to the removal of hydrogen peroxide in 
the cell (40). The effect of humic acid on increasing the 
activity of catalase enzyme activity was reported in rice 

Humic 
acid

mg.L-1

Zinc 
oxide
mg.L-1

Catalase Ascorbate 
peroxidase Peroxidase Superoxide 

dismutase
Protein

(mg.gr-1 Fresh leaf 
weight)

Proline
(µmol. gr-1leaf dry 

weight)(µmol min-1mg protein)
0 0 126.92 2.6 118.1 41.18 3.89 21.76
0 500 163.22 3.09 140.47 41.74 2.91 24.51
0 1000 212.32 3.93 171.7 60.02 2.15 25.6
0 1500 216 4.04 179.21 64.59 1.88 30.36
0 2000 279.5 4.31 200.04 73.57 1.56 40.6

100 0 91.66 1.9 96.47 31.01 3.11 25.6
100 500 208.57 3.2 162.94 45.3 2.99 29.93
100 1000 250.8 4.54 261.34 78.08 2.32 30.46
100 1500 265.34 4.65 295.17 91.68 2.02 47.62
100 2000 323.31 5.76 300.7 97.49 1.7 57.38

LSD 42.50 0.54 19.12 10. 14 0.32 5.44

Table 5. Mean comparisons of antioxidant enzymes activity, the content of soluble protein and proline in humic acid× zinc oxide.
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(Oryza sativa) (41) and maize (Zea mays) (42). 
The effect of humic acid on the increase in the 

amount of ascorbate peroxidase enzyme in the Borago 
officinalis has also been reported (43). In addition, in-
creasing the activity of catalase, peroxidase and supe-
roxide dismutase enzymes has been observed following 
the use of humic acid (44), which were consistent with 
the findings of this experiment

Along with the direct effects of humic acid mentio-
ned above, other proposed mechanisms for the effects 
of humic acid are: the production of indoleacetic acid, 
cytokines with tryptophan amino acids and adenosine 
secreted from the roots, hydrolysis of the precursor 
of ethylene and the production of hormonal and qua-
si-hormonal substances, due to the reaction of nitrites 
resulting from respiration of nitrates with ascorbic acid. 
Therefore, in addition to having a direct impact on the 
mechanism of production of the plant growth regulator, 
it also indirectly influences the control of the activity of 
antioxidant enzymes in plants (45).

The decrease in the content of soluble protein under 
trace element stress has also been reported in lemna (46) 
and beans (47) plants. It may be because of enhanced 
protein degradation process as a result of increased pro-
tease activity, which is found to increase under stress 
conditions. It is also likely that these heavy metals may 
have induced lipid peroxidation and fragmentation of 
proteins due to toxic effects of reactive oxygen species, 
which led to reduced protein content (48). On the other 
hand, in addition to the direct effects of humic acid in 
reducing the entry of NPs into the plant, it generally acts 
as auxin and cytokinin growth regulators and increases 
the tolerance to different stresses, increasing the antioxi-
dant enzyme activity of the plant (12).

Similar to our results, the increased proline content 
by copper oxide nanoparticles has been reported in Ara-
bidopsis thaliana (49) and carrot (50) or by zinc oxide 
nanoparticles in Brassica juncea (51). Also, the effect 
of humic acid on increasing proline content in this ex-
periment was consistent with some researchers’ reports 
(43, 52, 53). Increasing the amount of proline in stress 
conditions is one of the criteria for tolerance in plants, 
and proline can play a protective role for proteins and 
enzymes under stress conditions (54). Several reasons 
have been suggested for proline accumulation in the 
plant during stress, due to the effect of the regulation of 
the acidic acid on optical processes in the proline meta-
bolism, and some of them because of the presence of 
high energy compounds derived from photosynthesis 
which stimulates proline synthesis (55). In addition, the 
increase in degradation enzymes in tensions increases 
the amount of proline in the plant. The increase of pro-
line during stress may result in the decomposition of 
proteins and reduce their use due to plant growth retar-
dation (56). As a result, during prolonged stress, proline 
production increases to keep the plant from being toxic, 
and under glutamate stress conditions, which is the pre-
cursor of chlorophyll and proline synthesis, it is pro-
gressing to proline production. Totally, four reasons for 
increasing proline accumulation due to stress have been 
suggested: (1) stimulating its synthesis from glutamic 
acid, (2) reduce its exports through Phloem (vessel), (3) 
preventing its oxidation during stress, (4) destruction 
and disruption of the protein synthesis process (57). 

The reason for the increase of proline content by 
treating humic acid is attributed to cases such as com-
plex formation with heavy metals, as well as activating 
the antioxidant system, the cytokine hormone balance, 
proline accumulation (58, 59).

The results of this experiment showed that ZnO and 
CuO nanoparticles toxicity effects revealed as decrea-
sing of leaf soluble protein content and increasing the 
activity of antioxidant enzymes. Meanwhile, the results 
show that humic acid caused plant tolerance promotion 
to nanoparticles toxicity as a result of increasing the ac-
tivity of antioxidant enzymes via reducing infiltration of 
nanoparticles, and hormone-like properties. Although 
the nanoparticles performance in plants are obscure, and 
there are proposed the various mechanism that nanopar-
ticle how the effect on plant system, while plants are one 
of the most important pathways for entrance and accu-
mulation of nanoparticles in the food chain, especially 
in exceedingly utilization of nanoparticles in several 
industrials. Then, the study of lowering approaches of 
this trend such as humic acid and other natural organic 
matter application can play an important role in human 
and environment health.
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