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Rezumat
Condiţiile nefavorabile de umiditate condiţionează producţia excesivă a speciilor reactive 
de oxigen (SRO), care cauzează intensificarea oxidării peroxidice a lipidelor, destrucţia 
oxidativă a cloroplastelor, inhibarea fotosintezei, şi, nu în ultimul rând, al productivităţii, 
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sau chiar moartea, plantelor. Protecția eficientă de la SRO, produse în plante în timpul 
secetei, este asigurată de acţiunea enzimelor antioxidante prezente în celule. În lucrarea 
de faţă este descris efectul unui compus coordinativ, [Co(DH)2(THIO)2]NO3 - coditiaz  
asupra inducţiei protecţiei antioxidante în frunzele plantelor de porumb, expuse acţiunii 
secetei. Menţinerea capacităţii antioxidante la nivel înalt  de eliminare a SRO este strâns 
corelată cu toleranţa plantelor la secetă.  A fost stabilit şi un considerabil efect al tratării 
plantelor cu coditiaz asupra productivităţii lor. 
 Abrevieri: CTAS - capacitate totală pentru apă a solului, SRO - specii reactive de oxigen, 
DAM - dialdehidă malonic, SOD - superoxid dismutaza, CAT - catalaza, APX - ascorbat 
peroxidaza, GR - glutation reductaza, GPX - glutation peroxidaza, GuPX - guayacol 
peroxidaza,  ASA - acid ascorbic, Car - carotenoide, Chl – clorofilă
Cuvinte-cheie: plante, capacitate antioxidantă, toleranţă la secetă, fotosinteză, transpiraţie, 
eficienţa utilizării apei, productivitate, compus coordinativ.
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Introduction
Environmental stresses are the most limiting factors for agricultural productivity. 

Nowadays a big concern is the water deficit leading to droughts, which is one of the 
most limiting factors for better plant performance and the higher crop yield [10]. 
Under such conditions, resistance to abiotic stresses is becoming one of the desired 
traits of crops. It is known that various tolerance mechanisms have been suggested 
on the basis of the biochemical and physiological changes related to droughts. Water 
deficit may incite the formation of free radicals of oxygen. ROS include free radicals 
such as superoxide anion (O2

·-), hydroxyl radical (·OH), singlet oxygen (1O2), and 
hydrogen peroxide (H2O2) derived from oxygen. It has been estimated that about 1% 
of O2 consumed by plants is diverted to produce ROS [1] in various subcellular loci 
such as chloroplasts, mitochondria, and peroxisomes. All ROS are extremely harmful 
to plants at high concentrations. Under normal growth conditions, the production of 
reactive oxygen species (ROS) in various compartments is low. At high concentrations 
ROS cause damages to such biomolecules, as lipids, proteins, nucleic acids, pigments. 
When ROS achieved the critical threshold concentration they cause oxidative 
damage of cellular components, plant senescence and premature death [9]. The plant 
protection from excessive production of ROS can be provided by the enzymatic 
decomposition and with participation of low molecular weight compounds. Recently 
the number of investigations is growing devoted to compounds with antioxidant 
properties and substantiation of their application with the aim to increase the ROS 
detoxification and provide protection from oxidative stress.

The objective of this study was to determine the antioxidant proprieties of a 
coordination compound of cobalt (III) and their effect on the maize plant tolerance at 
drought conditions.

Materials and methods
As the study objects were used plants of Zea mays L., cv. P458, with different 

potentials of resistance and adaptation to the insufficient moisture. The greenhouse 
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experiments were performed on the plants grown in Mitcherlih containers with a capacity 
of 30 kg of absolutely dry soil under controlled humidity conditions. The analyses 
were performed at the critical period – during the “flowering” of the maize plants. 
The scheme of vegetation experiments was as follows: a) control plants, grown at the 
permanent humidity of 70%  from the total capacity for water of soil;  b) plants exposed 
to the drought conditions (30 % TCS) for 10 days. The increase of lipid peroxidation 
tested by malonic dialdehyde content (ε =155/mmol·cm) served as indices of oxidative 
damage of plants. MDA was measured by using thiobarbituric acid. Leaf samples  
(0.5 g) were homogenized in 10 ml of 0,1% trichloracetic acid and centrifugated at 
15000 g for 5 min. 4 ml of 0.5% thiobarbituric acid in 20 % trichloracetic acid were 
added to the 1 ml aliquot of the supernatant. The mixture was heated at 95 οC for 30 
min and quickly cooled in an ice bath. After centrifugation at 10000 g for 10 min, the 
absorbance of the supernatant was recorded at 532 and 600 nm. The MDA content was 
expressed as μmol MDA/g fr. wt.

The superoxide dismutase activity was measured according to the method [6].  
The ascorbate peroxidase activity was assayed by the method of Nakano Y. and Asada 
K. [11]. The guaiacol peroxidase activity was measured by monitoring the increase in 
absorbance at 470 nm and calculated using the extinction coefficient 26.6/mmol·cm 
for tetraguaiacol. The catalase activity was determined by the method of Chance B. 
and Machly A. [2] by tracing the consumption of H2O2 (ε= 39.4 mM cm at 240 nm).  
The glutathione reductase activity was determined tracing a decrease in absorbance 
at 340 nm associated with the oxidation of NADPH [15] and calculated using the 
extinction coefficient 6.22 mmol·cm for NADPH at 340 nm. 

The glutathione peroxidase activity was measured according to the method of 
oxidation of reduced glutathione. The intensity of CO2 assimilation, transpiration, 
stomatal conductivity, and water use efficiency were determined by using a portable 
LCA-4 gas analyzer in experiments performed under the same conditions of temperature 
and humidity. The contents of chlorophyll a and b and carotenoids were determined, 
spectrophotometrically in 80% acetone extract. Morphological characteristics were 
done by biometric methods. Statistical analysis of results was performed using the 
computers program “Statistics 7”.

Results and discussion
Accumulating information in the literature indicates that water stress tolerance 

is associated with the induction of antioxidant defence systems, including reactive 
oxygen species (ROS) - scavenging enzymes such as superoxide dismutase (SOD), 
catalase (CAT), ascorbate peroxidase (APX), glutatione peroxidase (GPX), glutathione 
reductase (GR), guaiacole peroxidase (GwPX), and non-enzymatic antioxidants such 
as ascorbic acid,  glutathione, α-tocopherol, and carotenoids [10; 14;16]. In this study 
it was established that ROS, generated during the drought, induce lipid peroxidation in 
cell membranes of leaves (table 1). 

The treatment of plants with coditiaz in optimal conditions provides a reduction 
of MDA content approximately with  30 % compared with untreated control plants. 
It was revealed that MDA content in the leaves of  the  plants  exposed to drought  
stress increased significantly: by 24.5% for untreated plants and by 16.7% under 
the influence of the coordination compound. It follows that the same intensity and 
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duration of drought leads to the appearance of oxidative stress in plant leaves of 
Zea mays L., less expressed in the plants treated with the coordination compound  
[Co(DH)2(ThIO)2]NO3 (coditiaz). 

It is interesting to note that in the untreated plants grown in the drought conditions 
the malonic dialdehyde content increased more significantly than its contents in the 
plant leaves previously treated by the coordination compound. MDA is a product 
of peroxidation of unsaturated fatty acids in phospholipids, and it is responsible for 
degradation of cell membranes. 

As a result, the accumulation of MDA subjected to drought is associated with the 
reduction of phospholipids in the cell membranes [4; 5]. 

Table 1. Changing in the malonic dialdehyde content and activity of antioxidant     
enzymes in the leaves of maize plants under optimal and drought conditions.

Parameters

Soil moisture, % TCS Effect of treatment,
% control

Control, optimal 
humidity 70%

Drought, insufficient 
humidity 30% 

Optimal 
humidity

Drought
conditions

MDA content, 
mmol/g s. p. 

34.74±0.65 *
23.96±0.18  **

43.30±0.78
27.97±0.34 68.97** 64.59

SOD activity,
conv.unit./g f.w.

21.14±0.12
28.7±0.24

24.55±0.23
32.74±0.21 135.76 133.36

CAT activity,
mmol/g f. w.

1.05±0.01
1.32±0.009

1.62±0.009
1.91±0.02 125.71 117.90

APx activity,
mmol/g s. p.

5.06±0.03
5.84±0.03

5.87±0.04
7.21±0.041 115.41 122.82

GR activity,
mmol/g s. p.

56.00±0.32
64.33±0.44

64.79±0.46
78.03±0.58 114.87 120.43

GPx activity,
mmol/g s. p.

41.29±0.5
48.66±0.43

62.44±0.71
81.46±0.58 117.85 130.46

GuPx activity,
mmol/g s. p.

101.29±0.98
152.56±1.16

131.88±1.02
197.13±1.39 150.61 149.47

Ascorbic acid, mg% 18.19±0.43
19.80±0.63

17.16±0.31
18.36±0.53 108.85 107.00

* Numerator - the values   of the control untreated plants; ** Denominator - the values   of 
the plants treated with coditiaz.

The level of lipid peroxidation is used as an indicator of ROS-mediated oxidation 
destruction. Similarly, various authors have suggested that tolerant genotypes show a 
low lipid peroxidation [14]. 

Intensification of the lipid peroxidation under stress conditions caused the formation 
of new free radicals, most often more aggressive, which caused a chain reaction of 
destruction of biomolecules. Therefore, our data demonstrate that the coordination 
compound [Co(DH)2(ThIO)2]NO3 possesses antioxidant properties and increases 
the resistance of plants to the oxidative stress caused by tissue dehydration. 
An important component of stress protection mechanisms are the enzymatic and non-
enzymatic neutralizing ROS systems [10; 14]. The tolerance of plants to water stress is 
closely associated with their antioxidant enzyme system. Information from the literature 
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shows that the water deficit in the soil and high air temperature can exert a drastic 
impact on the antioxidant enzyme activity favoring the accumulation of free radicals [7; 
8]. Intracellular antioxidant enzymes are genetically determined and typically operate 
in complex. Thus, for example, superoxide dismutase neutralizes superoxide radicals 
to form hydrogen peroxide, which in turn is neutralized by CAT, AscPX, GPX, and 
GuPX. Given that antioxidant enzymes show the maximum activity at different degrees 
of hydration, dehydration of tissues can induce in severe drought conditions a different 
degree of their activation. As follows from the data presented in table 1, the activity 
of antioxidant enzymes in the leaves of the plants exposed to the drought significantly 
increases, especially in the plants treated with coditiaz. The SOD activity in the leaves 
of untreated plants increased under the drought stress conditions up to 16% and up to 
54,9% in the plants treated with coditiaz. The effective functioning of SOD largely 
depends on the functioning of other components of the protection system, particularly 
of those that neutralize hydrogen peroxide (catalases and peroxidases). As a result of 
ROS scavenging by SOD H2O2, forms that leads to the inhibition of this enzyme. SOD, 
CAT, and APX are enzymes working together and provide for tolerance to drought 
stress. CAT and APX activities increased in optimal conditions in treated plants with 
25.71 – 15.41% respectively. In drought conditions the effect of treatment was 17.90 
and 22.82 %. A high activity of GPX, GR, and GuPX enzymes are specific for the 
plants treated with coditiaz (Table 1). Under drought stress conditions the activity of 
these enzymes increased with 30.5, 20.4, and 49.5%. Ascorbic acid and carotenoids 
are also essential for plant protection from excessive ROS production [12]. Ascorbic 
acid and glutathione connected in the cycle ascorbat peroxidase – glutation reductase 
are essential for protection from oxidative destruction [5]. Ascorbic acid is involved 
in the cell cycle regulation, and it is the substrate or co-factor of many enzymes [13]. 
Plants with low ascorbate are sensitive to ROS generated by biotic and abiotic stress 
or aging, for reasons of decreased ROS detoxification. However, J.G.  Scandalios [16] 
indicate that CAT and APX enzymes are most effective in preventing cell destructions 
by adjusting the content of H2O2. In our study, ascorbate (table 1)  and carotenoids  
(table 2) contents decreased in the leaves of plants under the drought stress. A considerable 
reduction has been observed in the carotenoids contents – with 14.4% in the leaves 
untreated plants and by 10.5% in the leaves of plants treated with the coordination 
compound. The high level of ascorbic acid provides a drought stress tolerance  
in plants [3]. 

Ascorbic acid protects the critical macromolecules from oxidative damage. It 
provides a membrane protection by directly reacting with O2

·-, H2O2 and regenerating 
α-tocoferol [12]. The dehydration of  tissues and appearance of ROS in Zea mays leaves 
caused oxidative destructions of chloroplasts and decreased the content of assimilating 
pigments by 24.5% (table 2). 

The treatment of plants with [Co(DH)2(ThIO)2]NO3 (coditiaz)  provided the 
maintenance pigments content at a high level both for the control plants and the plants 
exposed to droughts. The increase was 19.10 and 15.25% for chlorophyll a and 114,8 
and 112,5% for chlorophyll b, respectively.

Another effect of tissue dehydration was the stomata closure accompanied by a 
limiting access of carbon dioxide and inhibition of photosynthesis (table 3). 
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Table 2. The content of CO2 assimilation pigments (mg / 100g f.w.) in the leaves of Zea 
mays L. plants treated with [Co(DH)2(ThIO)2]NO3

Parameters

Soil moisture , % TCS Effect of treatment,% 
control

Control, optimal 
humidity, 70%

Drought, insufficient 
humidity, 30% 

Optimal 
humidity

Drought
conditions

Chlorophyll a 206.8±0.45
246.3±0.69

156.7±4.03
180.6±2.61 119.10 115.25

Chlorophyll b 75.0±0.46
86.1±0.22

56.1±1.33
63.1±1.17 114.80 112.48

Carotenoids 58.08±0.53
63.93±0.49

49.7±1.28
52.3±1.20 110.07 105.23

Cl a + Cl b 281.8±0.89
332.4±0.59

212.8±5.36
243.6±3.67 117.95 114.47

* Numerator - the values   of the control untreated plants; ** Denominator - the values   
of the plants treated with coditiaz.

Table 3. The effect of exogenous application of the coordination compound coditiaz 
in drought conditions on photosynthesis, transpiration and stomata conductance in  
maize plants.

Parameters

Soil moisture , % TCS Effect of treatment,% control

Control, optimal 
humidity, 70%

Drought - 
insufficient 

humidity, 30% 

Control, opti-
mal humidity 

Drought - 
insufficient 
humidity 

Intensity of photosyn-
thesis, mmol/m2/h

11.52± 0.17 *
13.38± 0.35 **   

3.13±0.04
5.68±0.06 116.14 181.47

Intensity of transpira-
tion, mmol/m2/h

2.25±0.06
2.48±0.07

1.08±0.03
1.23±0.04 110.22 113.89

Water use efficiency,
mmol CO2/ mmol H2O

5.12±0.11
5.39±0.12

2.90±0.05
4.62±0.08 105.27 159.31

Stomata conductivity, 
mmol/m2/h

0.02±0.0009
0.02±0.0008

0.003±0.0001
0.007±0.0002 - 233.33

* Numerator - the values   of the control untreated plants; ** Denominator - the values   
of the plants treated with coditiaz.

The exogenous application of the coordination compound coditiaz for the plant 
treatment guaranteed the maintenance of photosynthesis, transpiration, and water 
efficiency at a significantly higher level in the both conditions – at drought and 
optimum moisture. Photosynthesis is an important source for plant growth processes, 
and drought causes irreversible damage to photosynthetic components and growth of 
plants (table 4).  The analysis of the experimental results showed significant differences 
in plant growth influenced by the treatment with the coordination compounds coditiaz. 
In dry conditions the diurnal rate of growth of the treated plants was two times higher 
than that of the untreated plants. These data permit us to assume that the treated plants 
are able to maintain the physiological processes at a higher level compared to the 
untreated plants. This demonstrates the adaptogene property of coordination compound 
[Co(DH)2(ThIO)2]NO3.
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Table  4. Growth and productivity of Zea mays L. plants treated with coditiaz.

Parameters

Soil moisture , % TCS Effect of treatment,
% control

Control,
optimal humidity, 

70%

Drought - insuf-
ficient humidity, 

30%

Control, 
optimal 

humidity

Drought - 
insufficient 
humidity

Plants’ height
after 10 days of stress, cm

223.4±7.51*
231.24±6.88**

169.0±4.23
177.0±5.13 103.59 104.73

Diurnal rate of growth, 
cm/day,

5.519±0.08
5.979±0.09

0.380±0.02
0.661±0.03 108.33 173.95

Leaf area, dm2/pl 42.86±0.76
49.63±0.81

31.36±0.41
36.88±0.51 115.79 117.60

Productivity, g/pl 70.7±1.22
88.0±2.11

24.4±0.37
32.64±0.44 124.46 133.7

* Numerator - the values   of the control untreated plants; ** Denominator - the values   of 
the plants treated with coditiaz.

In conclusion, the tolerance of maize plants to oxidative stress caused by droughts 
is closely associated with their antioxidant enzyme system and with low-molecular 
weight antioxidants, such as ascorbate and carotenoids. The coordination compound 
[Co(DH)2(ThIO)2]NO3  exhibits  antioxidant properties and is promising for protection 
of plants against droughts.
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