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ABSTRACT
The effective ozone decomposition is still a scientific challenge because of its rising industrial use in global scale. Wide application of 

high ozone concentrations forces researchers to work on new catalytic systems for ozone removal concerning mostly the surrounding 

human environment (airplane cabins, copiers, laser printers, sterilizers, etc.). It is not an easy task considering the fact that above con-

centration of 0.1 mg/m3 the ozone could seriously harm human health. Current studies estimate a huge number of untimely deceased 

people per year on a global scale as a direct consequence of air pollution. It is imposing to reinforce the efforts in workable ozone 

decomposition on ground atmospheric layer as an important part of air purification process. This review comprises general look on 

basic physico-chemical properties of ozone completed by recently reported literature about catalytic ozone destruction. Discussion 

over kinetics and mechanisms of ozone decomposition reaction will be represented in order to do an attempt to clarify these most 

outstanding parts of the topic.  
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impact on molecular oxygen (Rakovsky et al., 2007). The 

atmospheric ozone is really valuable to everything alive 

on Earth thanks to ozone property to absorb the hard 

UV-B and UV-C sun radiation in the wavelength range 

220–310 nm. The study of kinetics and mechanism of 

ozone reactions in modern science is closely related to 

solving the ozone gap problem despite the positive trend 

of ozone layer recovery in recent years (Figure 1).

The catalytic ozone decomposition on the surface of 

diverse oxides based on transition metals as well as the 

use of catalysts modified with noble metals is much more 

green and low cost method then other techniques as 

thermal ozone destruction or gas rarefaction by massive 

air compressors.

Physico-chemical properties 
and synthesis of ozone

The ozone molecule consists of three oxygen atoms 

with length of each О-О-bond: ρо-о = 1.278 Å and blunt 

angle between the oxygen bonds of 116.8°. Ozone can get 

through into each physical state but at normal condi-

tions, the ozone is colorless gas with sharp odor. When 

the ozone concentration is more than 15–20% it has 

blue color. At atmospheric pressure and temperature of 
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Introduction

In last years, the scientific researchers from all over the 

world are trying to solve deep environmental problems on 

earth such as the global warming, water and air pollution. 

A main factor affecting negatively these processes is the 

presence of ozone on ground level in many overpopulated 

cities that is a result of its large industrial synthesis and 

application (Batakliev et al., 2014). The outdoor ozone 

break-in into buildings is a threat causing health effects 

such as decreased lung function and respiratory symp-

toms (Lai et al., 2015). A number of large-scale studies 

have found a serious relationship between human mor-

tality and outdoor/indoor ozone exposure (Chen et al., 

2012). Contrariwise, the atmospheric ozone, so precious 

for every living being, is situated mostly in the so-called 

“ozone layer” from 15 to 30 km above the earth surface 

wherein the ozone concentration is in the range 10–20  

(Ulmann, 1991). The ozone synthesis in the stratosphere 

runs photochemically by means of solar radiation 
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161.3 K, the ozone becomes liquid in deep blue color. It 

turns into solid at 80.6 K by acquiring dark purple color 

(Lunin et al., 1998). The risk of ozone detonation is a func-

tion of its thermodynamic instability (ΔG°298= –163 kJ/

mol), moreover its decomposition to diatomic oxygen is a 

thermodynamically conducive process with heat of reac-

tion ΔH°298 = –138 kJ/mol (Perry & Green, 1989).

The creation of ozone in the atmosphere is running 

photochemically at altitude between 20 and 30 km under 

the influence of solar UV radiation (wavelength <240 nm). 

Thereby the ozone concentration is uniformly in the 

range 10–20 ppm (Figure 2).

For industrial purposes, ozone is synthesized by using 

pure oxygen by thermal, photochemical, chemical, elec-

trochemical methods, in all forms of electrical discharge 

and under action of a particles stream (Batakliev et al., 

2014). The synthesis of ozone is carried out by the follow-

ing reactions shown in the scheme:

O2 + (e−, hν, T) → 2O (O2
*) (1)

O2 + O + M ↔ O3 + M (2)

O2
*+ O2 → O3 + O (3)

Where: М is each third particle.

At low temperatures, the ozone consists mainly of 

molecular oxygen and at higher temperatures of atomic 

oxygen. There is no area of temperatures at normal pres-

sure wherein the ozone partial pressure is significant. The 

maximum steady-state pressure, observed at temperature 

of 350 K, is only 9.10−7 bar. The values of the equilibrium 

constant of reaction (2) at different temperatures are 

presented in Table 1 (Hon & Yan, 1993).

At high temperatures, when the concentration of 

atomic oxygen is high, the equilibrium of reaction (2) is 

moved to the left and the ozone concentration is low. At 

low temperatures, the equilibrium is shifted to the right 

but because of the low atomic oxygen concentration the 

ozone content is negligible. For synthesis of significant 

ozone concentrations it is always necessary to have the fol-

lowing conditions: 1) low temperature and 2) formation of 

superequilibrium concentrations of atomic oxygen. Ozone 

could be formed at low temperatures every time when a 

process of oxygen dissociation is running. Photochemical 

synthesis of ozone occurs upon irradiation of gaseous or 

liquid oxygen by UV radiation with wavelength λ<210 nm 

(Deninno & McCarthy, 1997). It was suggested (Claudia 

et al., 1994), that the formation of ozone in presence of 

radiation with wavelength in the range of 175<λ<210 

may be associated with the formation of excited oxygen 

molecules:

О2 + hν → (O2
*) (4)

O2
*+ O2 → O3 + O (5)

O2 + O + M ↔ O3 + M (6)

The photochemical ozone synthesis has an important 

role in atmospheric processes, but it is not easy to apply it 

for industrial application because of the high energy costs 

(32 kWh/kg ozone) for generating high-energy shortwave 

radiation. Nowadays the industrial synthesis of ozone 

happens mostly by means of electric discharge methods 

consisting of passing oxygen containing gas through 

high-voltage (8–10 kV) electrodes. That way, as result 

of collisions between oxygen molecules and accelerated 

electrons, part of the kinetic energy is transformed in dis-

sociation energy of O-O bond and formation of excited 

oxygen molecules at the same time (Rakovsky et al., 2007; 

Lunin et al., 1998). It is an important precondition before 

the final step when two molecules of oxygen create one 

oxygen atom and one ozone molecule:

Table 1. Equilibrium constant (Ke) of reaction (2) depending on the 
temperature

Т, Κ 1500 2000 3000 4000 5000 6000

Ke, М 1,662.10–11 4,413.10–7 1,264.10–2 2.104 48.37 382.9

0 10 20 30 40 50
0

5

10

15

20

25

30

201510

Al
tit

ud
e 

/ k
m

mgO3/m
3

ppm

Earth's
surface

5

increase = smog

Ozonosphere decline = Ozone hole

Figure 1.Figure 1. Atmospheric ozone concentration depending on altitude. Atmospheric ozone concentration depending on altitude.

Figure 2. Figure 2. Stratospheric ozone synthesis.Stratospheric ozone synthesis.
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О2 + e → 2O (O2
*) (7)

O2 + O + M → O3 + M (8)

O2
*  + O2 ↔ O3 + O (9)

Catalytic ozone decomposition in gas phase

The process of ozone decomposition on the surface of 

solids is of great interest because of its industrial appli-

cation. Along with the known gas cycles depleting the 

atmospheric ozone, the ozone decomposition plays a sig-

nificant role over aerosols, which their quantity is always a 

risk due to the anthropogenic factor. The growth of ozone 

used in chemical industries set up the task for destruction 

of the residual ozone on heterogeneous environmentally 

friendly catalysts. In humid environments, under certain 

temperatures and gas flow rates, this catalytic process, 

as well as the reaction mechanism, has not been yet fully 

studied and clarified. The ozone has a great number of 

advantages as oxidizing agent and, in that ability, it has 

been used in different scientific investigations done with 

neutralization of volatile organic contaminants (Skoumal 

et al., 2006; Bianchi et al., 2006) as in presence of catalyst 

the ozonation efficiency is rising (Ma et al., 2004; Zhao et 

al., 2008).

The noble metal catalysts and the oxide catalysts based 

on transition metals have been widely used as catalytic sys-

tems for ozone decomposition (Hata et al., 1988; Tchihara, 

1988; Kobayashi et al., 1988; Terui et al., 1990; Terui et al., 

1991; Oohachi et al., 1993). The main metals used by the 

authors were Pt, Pd, Rh and Ce, as well as, metals or metal 

oxides of Mn, Co, Fe, Ni, Zn, Ag and Cu. The significant 

price of the noble metals increases the application of 

metal oxide catalysts having carriers with high specific 

surface such as γ-Al2O3, SiO2, TiO2, ZrO2 and charcoal. 

Many researchers focused on the development, study and 

application of catalysts for ozone decomposition based on 

supported or mixed metal oxides because of the expensive 

cost of metals as platinum, gold and palladium. In this 

connection have been the most considerably investigated 

the oxides of Mn, Co, Cu, Fe, Ni, Si, Ti, Zr, Ag and Al 

(Oyama, 2000; Einaga & Futamura, 2004; Radhakrishnan 

et al., 2001; Zavadskii et al., 2002). It was found that oxide 

compounds based on transition metals exhibit highest 

catalytic activity in ozone decomposition (Batakliev et al., 

2017), and especially the catalysts based on manganese 

oxide (Batakliev et al., 2008). The effect of nickel content 

in the catalyst was investigated in our paper (Batakliev 

et al., 2017) in terms to elucidate the catalytic activity, 

stability and mechanical strength of the mixed metal 

oxides generated by thermal treatment of co-precipitated 

Ni-Cu-Al samples as catalyst precursors in the reaction 

of ozone decomposition. The impact of the silver present 

as a promoter on the catalytic activity was also examined. 

It could be suggested that during ozone decomposition 

on transition metal oxides such as NiO-CuO-Al2O3 there 

is formation of intermediate ionic particles possessing 

either superoxide or peroxide features. The formation of 

charged chemisorbed oxygen species is accompanied by 

oxidation of an appropriate number of cations in the oxide 

crystal lattice to a higher state. In this case it will be the 

oxidation of Ni2+ to Ni3+ ions, scilicet:

O3 + Ni2+ → O2− + Ni3+ + O2 (10)

O3 + O2− + Ni3+ → O2
2 −  + Ni3+ + O2 (11)

O2
2 −  + Ni3+ → Ni2+ + O2 (12)

The probable reaction scheme of ozone decomposi-

tion consists of electron transfer from the Ni2+ center to 

ozone, resulting in formation of higher oxidation Ni3+ 

species and peroxide particles O2
2 −, followed by reduction 

of Ni3+ species by desorption of peroxide particle to form 

oxygen (O2
2 − → O2+2e−).

The dissociation of ozone molecules over the surface 

of metal oxide catalyst based on manganese, nickel and 

copper oxides was performed by means of kinetic study 

concerning the equation solution for γ coefficient and 

activation energy outcome of the process (Batakliev et 

al., 2008). The excellent activity of this catalyst was con-

firmed by the high values of the coefficient γ found out to 

be in the range (2.5–3.5)×10−4. Even in humid environ-

ment, the decline of catalytic activity did not exceed 20% 

measured by coefficient values. Following the changes of 

γ at two different flow rates in the temperature range of 

258–323K and using the Arrhenius equation, the calcu-

lated activation energy of ozone decomposition reaction 

was 5 kJ.mol−1. It means that between ozone molecules 

and catalytic surface appear weak Van der Waals forces 

and there is running of physisorption during the reaction. 

Desorption of intermediate species and oxygen molecules 

is going relatively lightly in expense of the energy shed 

by catalyst crystal lattice. In another article concerning 

redox catalytic process in the presence of heterogeneous 

catalyst (Batakliev et al., 2013), the calculated activation 

energy of ozone decomposition reaction on the surface 

of manganese oxide catalyst supported on titanium 

was 11 kJ.mol−1. This value, as the previous cited one, is 

similar to reported literature data for manganese based 

catalysts (Radhakrishnan et al., 2001). Catalytic cycle of 

ozone decomposition on MnOx/TiO2 catalyst is proposed 

in Figure 3. This mechanism is based on similar scheme 

of catalytic ozone decomposition described notably in a 

paper (Radhakrishnan et al., 2001) and in several articles 

(Reed et al., 2005; Xi at al., 2005). The transformation of 

the manganese site from species (I) to (III) is indicative 

of an oxidation reaction. The structure numbered (II) 

in Figure 3 is likely a transition state for this first step in 

the ozone decomposition process. The transformation of 

species (III) to species (VI) in the proposed catalytic cycle 

is represented by the redox reaction: O3+Mn4++O2−→ 

O2+O2
2 − +Mn4+. The transition states for this reaction 

are species (IV) and (V) presented in the catalytic cycle. 

Finally, the transformation of species (VI) to (I) in the 

catalytic cycle consist of desorption step and the redox 

reaction for this step is: Mn4++O2
2 − →O2+Mn2+.

Chemical reactions proceeding over heterogeneous 

α-alumina supported silver catalyst via the dissociative 

adsorption of O3 that produces surface chemisorbed 

atomic oxygen in concentrations sufficiently high to 

promote oxidation have been described in another article 
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(Batakliev et al., 2015). Catalytic scheme of ozone decom-

position on Ag/Al2O3 catalyst was suggested in Figure 

4. The transformation of the silver site from Ag0 to Ag1+ 

oxidation state is indicative of the occurrence of an oxida-

tion reaction. In this step the ozone conversion is up to 

80%. During the next step the Ag1+ active site changes its 

valence state to Ag3+ and the ozone conversion becomes 

already 90%. In the final step of this catalytic cycle the 

silver active site is reduced and it returns back to the 

initial coordination state. The ability of silver to provide 

electrons during the reaction and its high concentration 

on the catalytic surface increase the probability of the 

supposed mechanism.

Ion-exchange preparation method of catalysts doped 

with transition metal was successfully applied for synthe-

sis of materials tested in ozone decomposition reaction 

(Boevski et al., 2011; Ma et al., 2017). Considering the 

negative impact of water vapor over catalyst performance 

due to H2O molecules adsorption (Batakliev et al., 2008), 

the authors have studied the activity of cryptomelane-

type manganese oxide octahedral molecular sieve 

(OMS-2) modified with cerium, cobalt and iron transition 

metal ions in destruction of ozone under high relative 

humidity. In fact, it has been reported that the struc-

ture, morphology, valence state of manganese species, 

and lattice parameters of OMS-2 can be tuned through 

single or/and multiple substitution of tunnel K+ ions and 

framework Mn ions by different metal ions, such as Cu2+, 

Ni2+, Co2+, Fe3+, Cr3+ and Nb5+ (Pahalagedara et al., 2014; 

Genuino et al., 2015; Sun et al., 2013). ICP-OES and XAFS 

results confirmed that Co3+ and Fe3+ replace Mn3+ in 

the cryptomelane structure and Ce4+ mainly exchanges 

the K+ in the tunnel and partially replaces the Mn4+ in 

the framework of the cryptomelane structure. By using 

H2-TPR experiments it was studied the reducibility of the 

catalysts. The final reduction of MnO2 was found likely 

to be MnO with Mn2O3 and Mn3O4 as intermediates 

(Bai et al., 2015). The mixed valence states as Mn4+ and 

Mn3+ in transition metal oxide samples are significant for 

electron transfer carrying out in the redox reactions of 

ozone decomposition catalytic cycle (Wang et al., 2015). 

Mechanism of ozone decomposition process on the sur-

face of transition metal doped OMS-2 has been presented 

on the following reaction scheme:

O3 + [Mn3+] → O2 + O−
ads[Mn4+] (13)

O3 + O−
ads[Mn4+] → 2O2 + [Mn3+] (14)

Plenty of Mn3+ active sites located on the catalytic 

surface could lead to formation of more surface oxygen 

vacancies, being a precondition for effective ozone 

decomposition (Jia et al., 2016).

Sub-micrometer spherical MnCO3 has been prepared 

via a facile co-precipitation method without additive 

agents at room temperature and characterized by sev-

eral physical methods (Jia & Zhang, 2018). As-prepared 

MnCO3 has showed better catalytic activity in ozone 

decomposition reaction than α-MnO2 that is usually 

synthesized by a hydrothermal method (Dong et al., 2014; 

Su et al., 2013). By XPS analysis of the catalyst after ozo-

nation, the authors have found amorphous MnOx layer on 

the MnCO3 surface playing role of active component in 

the catalytic ozone decomposition whereas the crystalline 

MnCO3 serves to support stabilizing MnOx surface phase. 

The chemical state of Mn was determined to rise from 2.15 

to 2.32 during ozone treatment. In-situ Raman spectros-

copy has been used to detect intermediates when MnCO3 

was exposed to the O2 or O3/O2 flow. When the MnCO3 

was exposed to the O3/O2 flow, a distinct peak at 872 cm−1 

appeared which could be ascribed to the O-O stretching 

mode of aggregated peroxide species (Jia et al., 2016).

Catalytic activity of nanocomposites containing 

mono- and bimetallic Mn(II), Co(II), Cu(II), and Zn(II) 

complexes with Schiff bases [(salicyl-aldiminopropyl 

(L1) and 2-hydroxy-4-methoxybenzophenoniminopropyl 

(L2)] immobilized on silica in the reaction of ozone 

decomposition has been studied (Rakitskaya et al., 2018). 

Using nanosilica as precursor for γ-aminopropylsilica 

synthesis, the authors have received immobilized Schiff 

bases (salicyl-aldiminopropyl and 2-hydroxy-4-methoxy-

benzophenoniminopropyl) through some well-known 

methods (Rakitskaya et al., 2004) (Figure 5).

Monometallic [М(L)2] and bimetallic [Mn-М2-L] 

complexes have been obtained by adsorption of metal 

ions from ethanol, acetone or mixture of ethanol-acetone 

solutions. Best catalytic activity in ozone decomposition 

reaction has been found for the following complexes: 

[Mn(L2)2], [Mn-Cu-L2] and [Mn(L1)2].
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In another recent study, nitric acid-treated birnessite-

type MnO2 has been designed for humid ozone decompo-

sition (Liu et al., 2018). Detailed catalysts characterization 

showed that the higher amount of acid sites and oxygen 

vacancies together with their improved water-resistant 

properties facilitates adsorption and subsequent decom-

position of humid O3 over the H-MnO2. The sample 

treated by nitric acid (H-MnO2) exhibited stable O3 con-

version of ~50% within 24 h under 50% of relative humid-

ity (115 ppm of O3, 600 l g−1 h−1 of space velocity, 25 °C). 

The O3 decomposition efficiency has been much higher 

over the H-MnO2 than the pristine MnO2 indicating that 

acid treatment could greatly enhance O3 destruction. The 

authors ascribed the loss of K+ cations to the exchange 

of H+ into the catalyst layered structure during HNO3 

solution treatment. HNO3 treatment greatly increased the 

SBET to 228 m2 g−1 that might be caused either by desta-

bilization of the layered structure after proton exchange 

(Boppana et al., 2013). XPS analysis has been made to 

define the oxidation state of surface manganese atoms as 

well as the nature of O 1s peaks. The Mn 2p3/2 peaks have 

given indication that Mn existed in a mixture of Mn3+ and 

Mn4+. Based on the rule of electroneutrality, the higher 

Mn3+/Mn4+ ratio would imply existence of more oxygen 

vacancies. Therefore, it has been suggested that the oxy-

gen vacancies increased via acid treatment. Water adsorp-

tion experiments were performed on a thermogravimetric 

analyzer over pristine and acid-treated MnO2. The 

normalized amount of water adsorption was calculated 

to be 1.48 mgH2O/m2 of catalyst and 0.32 mgH2O/m2 of 

catalyst for pristine and acid-treated MnO2, respectively, 

indicating that the acid-treated MnO2 was much more 

water-resistant than the pristine MnO2. 

A mechanism involving acid sites and oxygen vacan-

cies for gaseous O3 decmposition has been illustrated in 

Figure 6. Ozone molecule is first adsorbed on the surface 

acid site via latter oxygen atom through hydrogen bond. 

Then another uttermost oxygen atom of the O3 molecule 

fall down into an oxygen vacancy site, followed by forma-

tion of an O2− species with release of an oxygen molecule 

into gas phase, and consequently, the acid site is regener-

ated. After that another one O3 molecule creates hydro-

gen bond with surface acid site and the relevant oxygen 

atom interacts with the formed O2− species to produce 

peroxide (O2
2 −) with simultaneous release of an oxygen 

molecule. Finally, the O2
2 −  decomposes desorbing an 

oxygen molecule and the oxygen vacancy site is therefore 

regenerated.

The enhancement of the ratio Mn3+/Mn4+ due to 

formation of oxygen vacancies has changed the charge 

distribution on α-MnO2 nanofiber catalyst, resulting in 

an increment of ozone adsorption on the catalytic surface 

(Zhu et al. 2017). DFT calculation revealed that these 

vacancies could be accepted as active centers for ozone 

adsorption and afterwards decomposition. The authors 

have presented possible mechanism referring to such type 

active site for dry ozone decomposition, see Figure 7. The 

redox process consisted of three important steps: creation 

of active oxygen species O2− by electron transfer effect, 
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then second step oxidation by ozone generating peroxide 

species O2
2 − , followed finally by their reduction on man-

ganese metal site and release of oxygen molecule.

Efficient catalytic composite system for ozone destruc-

tion has been reported notwithstanding the removed 

amount of ozone was barely 20 ppm O3/air (Gong et al., 

2018). The ozone conversion at high relative humidity 

levels (ca. 90%) has been found to be above 96%. The 

excellent performance has been attributed to the highly 

active ultrafine Cu2O nanoparticles heterogeneously 

nucleated on rGO. Cu2O/rGO composite has exhibited 

the best catalytic activity in the decomposition of ozone, 

and this efficiency remained 100% after 10 h of con-

tinuous operation in dry air conditions. To explore ozone 

decomposition mechanism of the highly active Cu2O/

rGO catalyst, the surface states of used Cu2O/rGO (still 

active) and that of used pure Cu2O (deactivated) have 

been determined by XPS analysis. It was suggested that 

surface Cu(I) oxidation would not be the main reason 

for catalyst deactivation. Instead, the generated surface 

adsorbed oxygen species, during ozone decomposition, 

cover the active sites of the catalyst surface thus leading to 

the deactivation of the catalyst. It has been reported that 

graphene having defects and introduced into the catalyst 

could promote charge transport and favor activating of 

reactive molecular species (Gao et al., 2013). The high 

catalytic activity of Cu2O/rGO composite was attributed 

to some synergistic effect between the rGO and ultrafine 

Cu2O solid phases that is likely to facilitate the needed 

electron density transfer in the catalytic process.

Ozone decomposition on copper oxide (CuOx) with 

granular activated carbon (GAC) as a support catalyst 

has been studied in research article (Azhariyah et al., 

2018). CuOx/GAC catalyst with size of 60–100 mesh and 

loading percentage of 2 wt% was found to have the high-

est conversion value being reached 100% but at relatively 

low ozone concentration of 36 ppm. The same Granular 

Activated Carbon as well as Natural Zeolite (NZ), and 

Green Sand (GS) have been used for catalytic supports 

in ozone decomposition reaction (Azhariyah et al., 2018). 

Active sites comparison has been made using CuOx and 

ZnO as metal oxides synthesized over the Granular 

Activated Carbon. CuOx/GAC and ZnO/GAC with 2wt% 

active component in the catalyst structure have showed 

the highest catalytic activity decomposing 100% of 

0.388 mg O3/min.

If Cu-loaded materials for heterogeneous catalytic 

ozonation have been prepared by electroless plating-cal-

cination, the deposition rate of metal could be controlled 

through adjusting the preparation conditions or additive 

agents in electroless plating process. Moreover, electro-

less plating might deposit Cu uniformly and densely 

on the surface of support materials that would result in 

better catalytic activity compared with those prepared 

by impregnation (Ren & Lai, 2016). Furthermore, it has 

been reported that adhesion between the Cu coating and 

support material obtained by electroless plating would 

also be much stronger than that of impregnation (Ren et 

al., 2018). The authors suggested much better electroless 

plating-calcination comparing to the impregnation-

calcination related with Cu-loaded material preparation 

for applying in catalytic ozonation process. The Cu/Al2O3 

catalyst synthesized by electroless plating-calcination had 

uniform and dense deposition of the copper oxide phases 

on the support surface. Catalytic activity results con-

firmed the advantage of electroless plating-calcination 

preparation method showing higher performance of the 

new Cu/Al2O3 catalyst in COD removal during catalytic 

ozonation of 500 mg/l ρ-nitrophenol in aqueous solution.

According to defined by UV-Vis spectral analysis 

intermediates, it has been proposed ρ-nitrophenol degra-

dation pathway as result of ozone treatment in presence of 

Cu/Al2O3 catalyst (Figure 8). 

Transition metals-modified zeolite has been inves-

tigated as environmental catalyst for indoor air ozone 

decomposition (Mohamed at al., 2018). In terms of O3 

removal efficiency, zeolite-based samples were ranked as 

follows: Fe-ZSM-5>Cu-ZSM-5>parent ZSM-5. The results 

revealed about 90% of 13 g/m3 initial O3 concentration 

removal efficiency for Fe-ZSM-5 and 70% for Cu-ZSM-5 

as compared to nearly 40% for the parent zeolite. The 

samples activity has been explained by presence of free 

Fe and Cu catalytic sites where the exchanged metal 

ions are coordinated to six-member oxygen rings of alu-

minum tetrahedra. Removal of the extra-lattice oxygen 

atoms during high temperature catalyst pre-treatment 

could result in surface reduction. The following ozone 

oxidation of these transition metal active centers usually 

creates highly reactive oxygen species (Mortier, 1982). 

Some transition metal oxides are able to get involved at 

redox processes and could be used as reliable catalysts 

in ozone decomposition reaction. Mechanism based on 

redox couples including Cu+-Cu2+ and Fe2+-Fe3+ has been 

proposed:

O3 + {Mn+ −Z} → O2 + O− {Mn+1 −Z} (15)

O3 + O− {Mn+1 −Z} → 2O2 + {Mn+ −Z} (16)

where: M is Cu or Fe and Z is zeolite type ZSM-5.

The reported relatively good activity in ozone destruc-

tion of zeolite-based catalysts has been attributed to for-

mation of framework Al-O-M (M: Cu or Fe) as well as to 

Mn Mn

+O3

Mn Mn

-O2

Mn Mn

+O3

-O2

Mn Mn

Mn Mn

-O2

Oxygen atom in O3 Oxygen atom in MnO2 Oxygen vacancy

Figure 7. Mechanism of ozone decomposition on α-MnO2 nanofi ber 
catalyst under dry O3/O2 gas fl ow.
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alleged synergistic effect between zeolite and metal active 

sites improving ozone conversion on the catalytic surface.

Simultaneous catalytic decomposition of formalde-

hyde and ozone over manganese cerium oxides at room 

temperature has been examined depending on relative 

humidity of the gas stream passing by continuous-flow 

fixed-bed reactor under atmospheric pressure (Zhang et 

al., 2018). The catalytic activity of MnCeOx catalyst has 

been compared with the solo MnOx and CeO2 catalysts to 

clarify the promotional effect of the formation of Mn-Ce 

solid solution on the catalytic activities. Investigation of 

the oxygen mobility and oxygen vacancies of the cata-

lysts was carried out by O2-TPD analysis. The spectral 

peaks have been attributed to physical adsorption of 

O2 molecules, molecular oxygen species adsorbed on 

surface oxygen vacancy (OI : O2
− , O2

2 −), atomic oxygen 

species adsorbed on surface oxygen vacancy (OII : O−, 

O2−, O*), and lattice oxygen on the catalyst surface (OIII), 

respectively. In humid environment, the presence of 

water vapor creates surface hydroxyl groups resulting in 

the complete oxidation of most formaldehyde in the flow 

stream over MnCeOx catalyst at room temperature. That 

process is fed from the interaction between adsorbed 

water molecules with surface oxygen species generated 

from decomposition of ozone on the catalyst surface. In 

situ DRIFT spectrum of HCHO adsorption on MnCeOx 

catalyst has shown that after ozone inducement the absor-

bance at 3654 cm−1, assigned to the OH stretching vibra-

tion ν(OH) of structural hydroxyl groups, significantly 

increases due to surface hydroxyl groups regeneration as 

result of HCHO and O3 reaction on the catalyst surface. 

The absorbance of surface adsorbed water also continu-

ously increased along with the reaction time growing and 

the absorbance at 3267 cm−1 was assigned to the OH 

stretching vibration ν(OH) of carboxylic acids.

NiOx, CoOx and MnOx transition metal oxide cata-

lysts have been allowed to the decomposition of toxic by-

products as ozone (O3) and nitrogen oxides (NOx), formed 

in non-thermal plasma processes for indoor air treatment 

(Chen et al., 2018). The 5 wt% MnOx/Al2O3 catalyst was 

impregnated with different trichloro(alkyl)silanes in order 

to improve the ozone removal efficiency at 60% relative 

humidity in the air environment. As a ceramic material 

made from metal oxide, Al2O3 is hydrophilic in nature 

thank to the presence of hydroxyl groups on its surface 

(Kujawa et al., 2015). The hydrophilic surface of alumina 

can be changed to a hydrophobic property by a surface 

modification treatment. Organosilanes such as methyl-, 

linear alkyl-, aromatic, and perfluorinated alkylsilanes are 

the most widely used materials for hydrophobic surface 

modification (Esmaeilirad et al., 2016). Trichloro(alkyl)

silanes possess three major parts: an organo-functional 

group, a linker and hydrolysable groups, which can be 

hydrolyzed and condensed to oligomers during the modi-

fication process. Stable covalent bonds could be created 

between the hydrolysable groups of the modifying agent 

and the hydroxyl groups on the substrate. The aliphatic 

hydrocarbon substituent changes the surface character 

of a ceramic material from hydrophilic to hydrophobic. 

A new mechanism based on some previous research 

(Tidahy et al., 2007) for O3 decomposition on the surface 

of γ-Al2O3 supported transition metal oxide catalyst was 

alleged:

O3 + Mn+ → O2−+ M(n+2)+ + O2 (17)

O3 + O2− + M(n+2)+ →O2
2 −  + M(n+2)+ + O2 (18)

O2
2 −  + M(n+2)+ → O2 + Mn+ (19)

The process of NO oxidation by ozone in presence of 

TiO2 catalyst has been investigated at diverse NO inlet 

concentrations, gas flow rates and reactor temperatures 

(Jõgi et al., 2016). Independent of reaction conditions and 

presence of catalyst, NO was totally oxidized to NO2 when 

the inlet O3 concentration reached the value of the inlet 

NO concentration. Further rise of inlet O3 concentration 

resulted in oxidation of NO2 to N2O5. The effect of TiO2 

catalyst appeared at higher reactor temperatures where 

the presence of TiO2 increased the oxidation efficiency 

of NO2 to N2O5 promoted by the presence of oxygen spe-

cies created on the surface by catalytic decomposition of 

ozone. The oxidation of NO to NO2 has been reported to 

be almost stoichiometric i.e. one O3 molecule spun out 

Figure 8. Proposed reaction pathway for the degradation of PNP by O3 + Cu/Al2O3 prepared by electroless plating-calcination system.



8
Todor Batakliev, Vladimir Georgiev, Slavcho Rakovsky, Gennadi Zaikov

Ozone decomposition

ISSN: 1337-6853 (print version) | 1337-9569 (electronic version)

for one NO molecule (Mok, 2006). Further oxidation of 

NO2 to N2O5 was less efficient and required either sur-

plus amount of ozone or more continuous reaction time 

(Skalska et al., 2012). The catalytic gas phase oxidation 

of NO2 to N2O5 at 100 °C was limited by the formation 

of NO3. The authors suggested that the additional forma-

tion of NO3 takes place by the reaction between NO2 and 

oxygen atoms stored on the TiO2 surface: NO2+O→NO3. 

These stored oxygen atoms are most likely formed as 

result of the ozone decomposition on TiO2 surface: 

O3(g)→O2(g)+O.

Catalytic ozone decomposition in gas-solids circulat-

ing fluidized-bed (CFB) riser has been investigated using 

computational fluid dynamics modeling (Kong et al., 2013). 

The reaction was implemented on iron-impregnated fluid 

catalytic cracking particles and it was defined as a one-step 

first-order reaction: O3                   1.5O2
catalyst . During the fluidization 

process in a CFB, a catalytic ozone decomposition into 

diatomic oxygen required low concentrations of ozone so 

that the gas density and temperature changes caused by 

the reaction in the CFB could be overlooked. The simula-

tion results have been compared with experimental data 

and the reaction rate was modified by using an empirical 

coefficient to provide better simulation results than the 

original reaction rate. It was found that particle size has 

great effect on the reaction rate redounded by the contact 

surface area in gas-solids interface.

Effective copper and manganese grafting over com-

mercial titanium dioxide was reported to increase 

significantly the photocatalyst ozone decomposition rate 

(Patzsch&Bloh, 2018). Iron grafting appeared to be the 

most universal method of improving the photocatalytic 

ozone removal rate as even extremely low iron grafting 

ratios of 0.002 at.% were found to be sufficient to dra-

matically improve the catalyst performance. The means 

of ozone on NOx-based air pollution is considerable 

because of the NO2 formation by ozone initiated oxida-

tion reactions. Direct NOx abatement on titanium dioxide 

is quite challenging as the reaction involves several toxic 

intermediates, which may be released in the process (Bloh 

et al., 2014). González-Elipe and co-workers shown that 

ozone can be photocatalytically decomposed on UV 

illuminated titanium dioxide surfaces (González-Elipe 

et al., 1981). Mechanism of the redox process, including 

some short-lived intermediates and confirmed by EPR 

spectroscopy, is presented below:

OH− + h+ → OH· + e− (20)

O3 + e− → O3
−  (21)

O3 + OH· → O4
−  + H+ (22)

O3
−  + O3 → O2 + O4

−  (23)

2O3
−  → O2 + 2O2

−  (24)

O4
−  → O2 + O2

−  (25)

This study has showed that ozone decomposition effi-

ciency as simple and inexpensive method could improve 

the overall air cleaning properties of the photocatalyst. 

The authors explored the strategy of transition-metal 

grafting to increase the ozone-photo-degradation rate 

of titanium dioxide based photocatalysts. This grafting 

process has been reported to enhance the UVA as well 

as the visible light activity of many photocatalysts as the 

transition metal ions are strongly adsorbed onto the host 

crystals where they form small isolated ions or clusters 

facilitating this way charge carrier separation and elec-

tron transfer kinetics (Irie et al., 2008; Liu et al., 2012; 

Nishikawa et al., 2013). It should be mentioned that the 

photocatalysts modified with Cu, Mn and Fe ions have 

been tested in ozone decomposition reaction applying 

relatively low inlet ozone concentration of 1 ppm.

Zinc oxide, as active phase, and granular activated 

carbon, as support, have been combined in catalyst for 

gas phase ozone destruction (Pradyasti et al., 2018). The 

reaction was performed at room temperature and atmo-

spheric pressure using fixed bed reactor. Crystal phase 

analysis of the catalysts before and after calcination at 

300 °C has been studied by X-ray diffraction (XRD). The 

catalyst structure was found to be ZnCO3 prior to thermal 

treatment and ZnO-after thermal treatment. Impurities 

located on the catalytic surface have been removed by HCl 

and NaOH processing, improving that way the activity 

of the ZnO/GAC catalyst in ozone decomposition reac-

tion. Another application of activated carbon (AC) used 

as MnOx catalyst support has been reported in a paper 

depicting the effects of Mn loading on the catalytic struc-

ture and ozone decomposition activity (Wang et al., 2014). 

The catalytic activity was linked with the morphology and 

MnOx content. The catalyst having 1.1wt% MnOx exhib-

ited better performance in ozone destruction because of 

its porous lichen-like structure compared to the compact 

morphology and ticker MnOx layer of 11wt% MnOx/AC 

catalytic sample.

Catalytic ozone decomposition in water

In recent article (Li et al., 2018), a Fe-based catalyst 

has been used as a heterogeneous catalyst for ozona-

tion of industrial wastewater and some key operational 

parameters (pH and catalyst dosage) have been studied. 

It has been found indication of significantly improved 

mineralization of organic pollutants in wastewater. TOC 

removal was reported to be 78.7% at catalyst concentra-

tion of 200 g/l and 31.6% at ozonation without presence of 

catalyst. The Fe-based catalyst has promoted 70% ozone 

conversion into molecular oxygen in aqueous solution. 

Through characterization by SEM-EDS, XRD and XPS, it 

was suggested that FeOOH being on the catalyst surface 

was the main contributor to catalytic efficiency. Initial 

pH is one of the most important factors influencing the 

efficiency of ozonation in water. The authors claim that 

COD removal is much higher at pH 6 and 8 than that 

at pH 6.81 and 9, which indicated that COD treatment 

was much better in weak acid and weak base solutions. 

However, the Fe-based catalyst could be positively effec-

tive at pH 6–9 (Oputu et al., 2015; Ghasemi et al., 2016; 

Hadavifar et al., 2016). Meanwhile, high pH means the 

presence of a significant concentration of hydroxyl anions 

(OHˉ) that was confirmed to be an initiator for the decom-

position of ozone reflecting in formation of OH radicals 
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(Staehelin&Hoigne, 1982). Hydroxyl radicals have been 

detected through EPR technology directly and NaHCO3 

scavenging experiments indirectly. It was verified that 

HO· is a great contributor to mineralization of organic 

pollutants. The Fe-based catalyst was found to promote 

ozone decomposition in aqueous solution, which could be 

responsible for generation of HO·.
Synergistically, catalytic effect between Mn4+/3+ and 

Ce4+/3+ redox couples in manganese-cerium mixed oxides 

supported on practicable mesoporous γ-Al2O3 has been 

described in terms of catalyst surface properties and 

performance as well as reaction mechanism and kinetics 

during catalytic ozonation of bromaminic acid (BAA) 

in water solution (Wu et al., 2018). The contribution of 

Mn4+/3+ and Ce4+/3+ redox couples to oxygen vacancies 

formation is presented on Figure 9(A). These oxygen 

vacancies could work as catalytic active sites for adsorp-

tion of ozone molecules that further would decompose 

via electron transfer from surface Ce3+and Mn3+ species 

to create strong HO· and O2
·−  radicals as depicted on 

Figure 9(B). Possible degradation pathway of 1-amino-

4-bromoanthraquinone-2-sulfonic acid via Mn-CeOx/

γ-Al2O3-catalyzed ozonation was suggested in Figure 10.

BAA degradation mechanism through Mn-CeOx/

γ-Al2O3 catalyzed ozonation was based on important 

information about intermediates generation obtained 

by monitoring pH changes during single and catalytic 

ozonation as well as on intermediates identification 

by LC-MS analysis. The authors reported that during 

catalyzed ozonation the larger final pH of the solution is 

mainly due to generation of HO· and O2
· radicals, which 

could mineralize the acidic intermediates effectively. The 

adsorption of water molecules onto surface Lewis acid 

sites leads to their dissociation into protonated surface 

hydroxyl groups OH2
+  bonded on catalyst surface, see 

Figure 9(B). Then the aqueous ozone molecules can 

interact with Brønsted acid S−OH2
+  (S refers to catalyst 

surface) forming surface complex S−OH2
+ −O3 via hydro-

gen bonding and/or electrostatic forces, due to the 

electrophilic and nucleophilic resonance structure of the 

ozone molecule (Qi et al., 2010; Larachi et al., 2002).

Summary and perspective

This review was focused on the mechanism of gas phase 

ozone decomposition process mostly considering optional 

reaction pathways based on short-lived molecular and 

atomic oxygen species acting as intermediates. The ozone 

decomposition in water environment could enhance the 

formation of hydroxyl radicals that play significant role 

in the process of water pollutants removal. Nowadays, 

highly efficient ozone decomposition is still representing 

a technological challenge especially in the presence of 

Figure 9. Scheme of Mn–CeOx synergistic eff ect in catalytic process (a); and Alleged ozone decomposition mechanism on the surface of Mn–
CeOx/γ-Al2O3 catalyst (b).
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high humidity levels. The effect of water vapor is prob-

ably a result of thin film formation on the catalytic surface 

thus making the diffusion of ozone to the catalytic active 

centers more difficult. The synthesis of mixed oxide 

solid solution based on transition metals could create 

strong synergistic effect and give rise to larger number 

of adsorbed ozone molecules participating in preferable 

low temperature redox catalytic cycle that makes a great 

contribution to its superior activity. The physical charac-

terization of metal oxide catalysts forming solid solution 

disclosed significant profusion of oxygen vacancies and 

surface lattice oxygen species improving the catalytic 

adsorption and redox properties. The main perspective 

in ozone decomposition research remains the “in situ” 

detection of all intermediate species generated and partic-

ipating in the catalytic cycle of the reaction process using 

appropriate physical methods that should be applied with 

innovative and reliable experimental set-up. Deep kinetics 

investigations, including probable new models, have to be 

used in order to clarify the ozone degradation pathway on 

the surface of metal oxide catalysts.

 

Figure 10. Suggested BAA degradation routes by the Mn-CeOx/γ-Al2O3-catalyzed ozonation.
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ABSTRACT
The present study aimed to investigate the possible adverse effects of methyl eugenol (ME), a potent kairomone, and fenitrothion 

insecticide that are used extensively in male annihilation programs worldwide during the management of fruit flies. Therefore, the 

side effects of ME, fenitrothion (FEN) and their mix (ME+FEN) were tested in a 28 days-inhalation study on white albino rats. Rats were 

grouped and exposed to 1/20 LC50 of ME, FEN, and their mixture. Then hematological components, hepatic and renal parameters, and 

oxidative stress enzymes were measured. Results revealed significant decrease effects on mean cell hemoglobin and mean cell hemo-

globin concentration (up to 18% decrease of control), red blood cell (28%), acetylcholinesterase (39%), and total lipids (36%) levels. On 

the other hand, lactate dehydrogenase (increased to 29.5% of control), uric acid (109%), creatinine (140%), γ-glutamyl transferase (159%), 

and oxidative stress-related enzymes (glutathione peroxidase (149%), glutathione reductase (170%), glutathione-S-transferase (34%), and 

superoxide dismutase (88%)) values were increased compared to results of control group. Adverse effects of ME, FEN, and their mixture 

might trigger an alarm for farmers who directly or indirectly inhale these chemicals continuously in the field. More importantly, safe 

alternatives to agricultural chemicals, including pesticides, should be enforced. 

KEY WORDS:  occupational exposure; fenitrothion; methyl eugenol; inhalation toxicity 

Correspondence address: 

Prof. Atef M.K. Nassar, PhD.

Plant Protection Department, Faculty of Agriculture 

Damanhour University, Damanhour

El-Beheira, P.O. Box 59, Egypt. 

E-MAIL: atef.nassar@dmu.edu.eg

Smith et al., 2002). Also, it is used as a synthetic flavoring 

substance in non-alcoholic beverages, condiments, and 

hard and soft candy (Smith et al., 2002). In agriculture, it 

is used solely or in combination with the organophosphate 

insecticides as an insect attractant (Benford et al., 2010; 

IARC, 2013; Vargas et al., 2010). 

Although ME was declared as generally safe (GRAS) by 

the Food and Drug Administration as a food additive (NTP, 

2000). Several studies described the adverse effects of the 

alkoxyallylbenzenes group of chemicals including ME, 

where it was reported as a DNA-reactive compound that 

induces cancer (neoplastic lesions) in the livers of rodents 

and mice (Burkey et al., 2000; Thompson et al., 1990; 

Williams, 2010; Williams et al., 2008). It was reported 

as cytotoxic to cultured hepatocytes isolated from rats 

and mice via causing unscheduled DNA synthesis (UDS) 

in both species in a dose-dependent manner (Burkey et 

al., 2000; Martelli et al., 1994). Also, the glutathione-

S-transferase isozymes (GSTs) were inhibited by ME as 

illustrated by studies on rats and humans (Rompelberg et 
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ORIGINAL ARTICLE

Introduction

Worldwide and during pest management practices tons 

of pesticides are being applied. According to FAOSTAT, 

4,088,167.77 tons of pesticides were applied on agricul-

tural crops worldwide (FAOSTAT, 2019). Among these 

pesticides, the pheromone and kairomones are used in 

traps to deter or attract insects. This approach is coined as 

environmentally-safe (Bhagat et al., 2013). The kairomones 

such as methyl eugenol (ME) have been used extensively 

in many male annihilation programs (Ghanim et al., 

2010; Keng & Nishida, 2012). The ME, 3,4-dimethoxyal-

lylbenzene is the main constituent of many plant species 

including basil, tarragon, fennel, marjoram, mace, allspice, 

star anise, and anise (Keng & Nishida, 2012; NTP, 2000; 
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al., 1996). After a 14-weeks study, liver and testis weight 

were increased significantly when rats were given daily 

doses from 300 to 1000 mg/kg of ME. Also, the authors 

reported a decreased mean packed red cell volume and 

increased platelet counts, alanine aminotransferase, and 

sorbitol dehydrogenase activities after the administration 

of ME (Luo & Guenthner 1995; Rompelberg et al. 1996). 

In another 2-years study, ME induced a high incidence of 

atrial thrombosis in female mice treated with 75 mg/kg or 

higher doses (Yoshizawa et al., 2005).

Moreover, oral administration of ME induced eryth-

rocyte microcytosis and thrombocytosis, and caused an 

increase in the activities of alanine aminotransferase 

and sorbitol dehydrogenase and bile acid concentration 

in male and female rats, suggesting hepatocellular injury, 

cholestasis or altered hepatic function (Abdo et al., 

2001). Additionally, ME triggered hypoproteinemia and 

hypoalbuminemia in both male and female rats. In mice, 

it increased incidences of adrenal gland cortical hypertro-

phy and/or cytoplasmic alteration in the submandibular 

salivary glands, adrenal glands, testis, and uterus were 

considered secondary to the chemical-related effects 

observed in the liver and glandular stomach of rats (Abdo 

et al., 2001). But it was reported that ME might elicit DNA 

repair synthesis in cultured rat and mouse hepatocytes 

(Burkey et al., 2000).

In parallel to the abovementioned, fenitrothion (FEN), 

O,O-dimethyl-O-(3-methyl-4-nitrophenyl) phospho-

rothioate is an organophosphorus insecticide that is 

widely used as a mixture with ME in traps to control the 

Bactrocera insects (Ghanim et al., 2010; Keng & Nishida, 

2012). It is a broad-spectrum non-systemic insecticide with 

high selective toxicity to insects compared to mammals 

and moderate toxicity, with an oral LD50 of 330 mg/kg, 

to rats (Briggs, 1992; Vásquez-Castro et al., 2012). FEN is 

being sprayed worldwide against a wide range of insects 

on rice, cereals, fruits, vegetables, stored grains, cotton 

and forests, and public health disease vectors (Wang et al., 

2012; WHO, 2010). Therefore, it might be considered as a 

hazard compound to mammals (Khan et al., 1990). FEN 

was reported to have lower toxicity to mammals relative 

to insects because of the enhanced detoxification system 

(NRCC, 1975). It’s well documented that FEN acts by 

inhibiting the activity of the acetylcholinesterase enzyme, 

which highlights acute neurotoxicity (Wang et al., 2012). 

In addition, several studies reported toxicity of FEN to 

mammals via different routes of administration with 

a limited number of studies that investigated its inhalation 

toxicity. For example, FEN at 6.7, 20, and 60 pg/l of air for 2 

hr/day for 30 consecutive days reduced body weight, food 

intake, muscle fasciculations, erythrocyte content and 

brain cholinesterase activity (Breckenridge et al., 1982). 

When young Japanese children inhaled FEN at 

0–44 ng/kg/day, they suffered severe health effects 

(Kawahara et al., 2005). In another study, it was reported 

that single inhalation exposure of rats to 500 mg/m3 of 

FEN showed no serious pulmonary toxicity but minor 

modifications of lung alveolar tissues (Chevalier et al., 

1984). Exposure of rabbits to fenitrothion as thermal 

fog at 10 l/ha for 30 days significantly reduced the body 

weight (13.34%) but increased weights of liver, heart, and 

lungs by 23.37, 20.23 and 14.76%, respectively and reduced 

the activity of brain, blood, plasma, and erythrocytes 

cholinesterases (Al-Sarar et al., 2011). 

To the best of our knowledge, the inhalation toxicity of 

the mixture of ME and FEN was not tested. Therefore, the 

current study aimed to investigate the inhalation toxicity 

of sublethal doses of methyl eugenol (1/20 LC50), fenitro-

thion (1/20 LC50), and their mixture on hematology and 

biochemical parameters of white albino rats after 28 days 

of exposure.

Materials and methods

Chemicals
Fenitrothion, O,O-dimethyl-O-(4-nitrophenyl) phospho-

rothioate, (CAS 122–14–5, 99% purity) was obtained from 

Supelco Analytical (USA). It was diluted in corn oil for 

the final test concentration. Methyl eugenol (purity 99%) 

was obtained from Ministry of Agriculture and Land 

Reclamation, National Pesticides Committee, Egypt. 

Acetylthiocholine iodide (ATChI; Sigma order #A5751-

250MG), 5,5-dithiobis-2-nitrobenzoic acid (DTNB-

Ellman’s reagent: Sigma order #D218200), brilliant 

(Coomassie) blue G-250 (Sigma order #B0770-5G), and 

bovine serum albumin (BSA: Sigma order #A2153-10G) 

were provided from Sigma-Aldrich, USA.

Animals and treatments
Young, 60-days old, male white albino Sprague Dawley 

rats (Rattus norvegicus) weighing 120±5 g wer e purchased 

from the Animal Health Research Center, Cairo, Egypt. 

Rats were housed in plastic cages in an animal room 

maintained at 25±2°C and in an alternate 12 hr cycle of 

light and darkness. They fed on a pellet diet and tap water 

was provided ad libitum. After 2-week acclimatization 

period, the rats were randomly divided into four groups (6 

animals in each group): control (corn oil), FEN (0.25 mg/l 

air: 1/20 LC50 inhalation (EPA, 1996)), ME (240 mg/l air: 

1/20 LC50 (Beroza et al., 1975)), and FEN+ME at 1:1 ratio. 

The rats inhaled treatments for 28 days from chipboard 

blocks (cotton rolls No. 2, medium-sized, with 6×2×2 cm 

dimensions, Defend, MyDent International, Hauppauge, 

NY, 11788, USA) that were impregnated by dipping in 

corn oil, FEN, ME, and FEN+ME concentrations. Blocks 

were hanged in 45 l plastic cages using metal wire in a 

way to avoid any direct contact with rats for 8 hr daily. 

Cages of each group were separated completely from the 

other groups. Rats in each group were anesthetized with 

diethyl ether and sacrificed by decapitation at the end of 

treatment. Initial and final body weights of individual rats 

in each group were recorded to calculate relative weight 

changes (Chapman et al., 1959). All rats were handled in 

accordance with the standard guide for the care and use 

of laboratory animals of the National Research Council 

(NRCNA, 2011) and the animal ethics guidelines of 

Damanhour University.
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Hematological parameters
After killing rats, trunk blood was collected gently in 

sterilized EDTA tubes containing an anticoagulant 

(ethylenediamine tetra-acetic acid, EDTA) to give a final 

concentration of 5 mg EDTA/ml blood. Samples were 

mixed gently and discarded if any clots were seen in the 

vial. Total red blood cell (RBC) count (×106/μl), hemoglo-

bin (Hb) content (g/dl), hematocrit (HCT ) value (%), mean 

corpuscular volume (MCV; fl), mean cell hemoglobin 

(MCH; pg), mean corpuscular hemoglobin concentra-

tion (MCHC) values (g/dl), total WBC count (×103/μl) 

and platelet count (×103/μl) were assessed using Sysmex 

KX-21 hematological analyzer (Sysmex KX21, Japan) in a 

certified clinical laboratory.

Biochemical parameters 
Blood samples were collected in test tubes without an 

anticoagulant, allowed to clot at room temperature 

for 15 min, and then centrifuged at 1390 g (Universal 

32R, Hettich Zentrifugen model D-78532, Germany) 

for 10 min for serum separation. Serum was used for 

the following assays. The AChE activity was quantified 

following a modified method of Ellman et al. (Ellman 

et al., 1961). Blood glucose (Trinder, 1969), uric acid 

(Barham & Trinder, 1972), total protein (Gornall et al., 

1949), total lipids (Zöllner & Kirsch, 1962), alkaline phos-

phatase (ALP) (Belfield & Goldberg, 1971), glutathione-

S-transferase (GST) (Habig et al., 1974), glutathione 

peroxidase (GP) (Paglia & Valentine, 1967), glutathione 

reduced (GR) (Beutler et al., 1963), superoxide dismutase 

(SOD) (Nishikimi et al., 1972), and creatinine (Bartels 

et al., 1972) were measured using BioDiagnostic kits 

(Diagnostic research and Reagents, Giza, Egypt). Lactate 

dehydrogenase (LDH) activity (Burtis et al., 2005) was 

determined using BioSystems Kit (BioSystems S.A., Costa 

Brava, Barcelona, Spain). Determination of γ-glutamyl 

transferase (GGT) activity was done using Spectrum Kit 

(MDSS, GmbH, Schiffgraben, Germany) (Heersink et al., 

1980). The replicates were measured in triplicates.

Statistical analysis
Toxicological data were analyzed using the general linear 

model (GLM) procedure of the Statistical Analysis System 

(SAS) (Version 9.3, Cary, NC, USA, 2016). Means were 

compared using Scheffe’s post-hoc Multiple Comparison 

(p≤0.05) (SAS, 2016).

Results and discussion

Mortality and relative bodyweight
During the study period, there was no mortality or severe 

clinical signs of toxicity in treated rats. Body weight 

changes were reported, and relative weights of internal 

organs liver, kidney, heart, brain, spleen, lungs, and testes 

were reported (Table 1). Weekly percentages of change 

of body weight were significantly different between the 

control group and treated groups. FEN, ME, and ME+FEN 

showed an increased body weight compared to the con-

trol, but they had similar % of change. For the relative 

organ weight, kidney and spleen had similar percentages 

to the control group. The ME+FEN treatment increased 

the liver relative weight compared to the other treatments. 

The FEN reduced the heart and brain relative weights 

compared to control, ME, and ME+FEN groups that 

were similar. Lung relative weights were reduced after 

treatments of ME+FEN, ME, and FEN compared to the 

control. The ME significantly reduced the relative weights 

of testes of treated rats compared to control, ME+FEN, 

and FEN groups that had similar results.

Hematology
Application of pheromones mixed with insecticides 

would reduce the amounts of pesticides that are required 

to control plant pests and were coined as a safe approach. 

The ME, an alkenylbenzene pheromone, is used as a 

mixture with organophosphate insecticides in the anni-

hilation programs against fruit flies. Possible adverse 

effects on hematological parameters of rats that inhaled 

ME, FEN and their mix were reported herein. Results 

in Table 2 showed that the numbers of white blood cells 

(WBCs) were increased significantly in rats that inhaled 

ME (mean WBC’s equal to 11.70×103/μl), FEN (15.22×103/

μl), and ME+FEN (15.35×103/μl) compared to the control 

group (9.25×103/μl). Moreover, both FEN and FEN+ME 

treatments revealed increased numbers of WBCs com-

pared to the ME group. Similarly, platelets numbers were 

increased in blood samples of the three treated groups 

of rats after the treatment with ME (667.8×103/μl), FEN 

(677.3×103/μl), and ME+FEN (650.3×103/μl) compared to 

control (452.5×103/μl), but they were not different from 

each other. 

On the other hand, numbers of red blood cells (RBCs), 

hemoglobin (HGB), and hematocrit (HCT) values were 

Table 1. Mean relative organ weights ± SE of liver, lung, kidney, heart, brain, spleen, and testes of white albino rats inhaled methyl eugenol (ME), fenitro-
thion (FEN), and their mixture (ME+FEN) for 28 days.

Treatments
% of Change /

Week
Liver Kidney Heart Brain Spleen Lung Testes

Control 12.89c±0.58 3.16bc±0.14 0.74a±0.06 0.39a±0.05 0.72a±0.05 0.26a±0.05 0.86a±0.08 1.15a±0.10

FEN 19.05a±0.82 3.59ab±0.16 0.76a±0.07 0.33b±0.02 0.62b±0.04 0.26a±0.04 0.73b±0.06 1.08a±0.12

ME 15.27ab±0.58 3.28b±0.14 0.72a±0.06 0.39a±0.05 0.77a±0.05 0.28a±0.05 0.70bc±0.08 0.63b±0.10

ME+FEN 15.16ab±0.58 3.71a±0.14 0.78a±0.06 0.38a±0.05 0.72a±0.05 0.30a±0.05 0.67c±0.08 1.17a±0.10

n=6 rats, SE; standard error, means with the same superscript letter were not significantly different, p<0.05, % of body weight change/week = ((final body weight-initial body 
weight)/ initial body weight)/no of weeks × 100, and relative organ weight = (organ weight/final body weight) × 100
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decreased relative to the control group (Table 2). In addi-

tion, inhalation of sub-lethal doses of FEN and ME+FEN 

caused a reduction in mean corpuscular hemoglobin con-

centration (MCHC) compared to control. However, their 

effects were not different from the ME group that was not 

different from the control group. Results also revealed no 

difference between treated groups and the control group 

in the mean corpuscular hemoglobin (MCH) and mean 

cell volume (MCV).

The results reported herein showed that exposure to 

ME and fenitrothion as separate treatments or mixed 

caused hematological adverse effects to rats. Inhalation of 

ME, FEN, and ME+FEN significantly increased numbers 

of WBCs and platelets but numbers of RBCs and HGB, 

HCT, and MCHC values were decreased significantly 

relative to the control group. In previous studies, ME 

significantly reduced the size of RBCs (erythrocyte 

microcytosis) and elevated numbers of platelets (throm-

bocytosis) in male and female rats (Abdo et al., 2001). In a 

90-days study, rats fed ME daily at 18 mg/kg b.w. showed 

a decrease in mean packed red cell volume and increased 

platelet counts (Gardner et al., 1996; Luo & Guenthner, 

1995; Rompelberg et al., 1996). Also hematocrit value, 

WBCs, and lymphocytes percentages were increased 

in blood samples of rats orally given FEN at ¼ of LD50 

(60 mg/kg bw) for 12 days (Al-Sahhaf, 2006). 

Eff ects on acetylcholinesterase (AChE)
The activity of acetylcholinesterase enzyme (AChE) was 

depleted significantly after rats have been inhaling ME, 

FEN, and ME+FEN (Table 3). Results showed a significant 

reduction in the enzyme activity compared to the control 

group, but it was not different from each other. Inhalation 

of ME, FEN, and ME+FEN reduced AChE activity by 21, 

32, and 39% of the control, respectively (Figure 1). The 

organophosphate insecticides are known as inhibitors of 

acetylcholinesterase (Farghaly et al., 2010). In addition, 

ME was reported in the current study as an inhibitor 

of AChE. However, rare studies were conducted on the 

inhalation of fenitrothion and/or methyl eugenol. Current 

results might be compared to that of the study of exposure 

of rabbits to thermal fogging of FEN at 10 l/ha for 30 

days, which showed a significant reduction of cholines-

terase activity of brain, blood, plasma, and erythrocytes 

(Al-Sarar et al., 2011). To highlight the suppressive effect 

of FEN on AChE activity, some results of other studies 

with different routes of administration were reported. 

The oral doses between 2.5 and 10 mg/kg b.w. of FEN 

for 30 days caused a decrease in tissue esterase activity 

(Trottier et al., 1980). It was noticed that the hepatic 

ChE was the most inhibited enzyme compared to other 

esterases (Trottier et al., 1980). After a 13-week study, 

administering oral doses of 30 mg/kg of FEN to male and 

female rats inhibited the plasma, erythrocyte, and brain 

ChE activity (Ecobichon et al., 1980; Yoshida et al., 1997). 

Similar inhibition of plasma cholinesterase (ChE) after 

administering of 1/30 and 1/60 LD50 of FEN doses to rats 

for 28 days was reported (Elhalwagy et al., 2008). 

Eff ects on glucose content 
Glucose contents were increased significantly after the 

treatment with ME, FEN, and ME+FEN compared to 

control. The mean values were 63.81±2.95, 117.13±2.64, 

149.84±2.95, and 149.96±2.95 mg/dl, respectively (Table 3). 

However, there was no difference between both FEN and 

ME+FEN, but both treatments were significantly different 

Table 2 . Mean ± SE values of total white blood cell (WBC) counts (×103/μl), platelets (PLT No.) number (×103/μl), total red blood cell (RBC) count (×106/μl), 
hemoglobin (HGB) content (g/dl), hematocrit (HCT) value (%), mean cell hemoglobin (MCH; pg), mean corpuscular hemoglobin concentration (MCHC) values 
(g/dl), and mean corpuscular volume (MCV; fl) of white albino rats inhaled methyl eugenol (ME), fenitrothion (FEN), and their mixture (ME+FEN) for 28 days.

Treatments
WBC 

(×103/μl)

PLT No. 

(×103/μl)

RBC 

(×106/μl)

HGB 

(g/dl)
HCT (%) MCH (pg) MCHC (g/dl) MCV (fl)

Control 9.25c±0.44 452.5b±31.52 5.09a±0.23 13.05a±0.32 35.43a±0.80 26.02a±1.34 36.99a±1.66 70.49a±4.81

ME 11.70b±0.39 667.8a±28.20 3.78b±0.20 9.52b±0.29 31.20b±0.72 25.30a±1.20 30.59ab±1.48 83.55a±4.31

FEN 15.22a±0.44 677.3a±31.52 3.74b±0.23 7.85c±0.32 28.75b±0.80 21.25a±1.34 27.42b±1.66 77.68a±4.81

ME+FEN 15.35a±0.44 650.3a±31.52 3.96b±0.23 8.45bc±0.32 29.05b±0.80 21.39a ±134 29.22b±1.66 73.58a±4.81

Means were statistically compared using the Scheffe’s post-hoc multiple comparison method at p≤0.05%. Means with the same superscript letter are not significantly differ-
ent. Each treatment was replicated 6 times and each replicate was measured 3 times.

Table 3. Mean ± SE values of glucose, uric acid, creatinine, total protein, and total lipids contents and acetylcholinesterase (AChE; nM ATChI/min), alkaline 
phosphatase (ALP), γ-glutamyl transferase (γ-GT), and lactate dehydrogenase (LDH) enzyme activities of serum of white albino rats inhaled methyl eugenol 
(ME), fenitrothion (FEN), and their mixture (ME+FEN) for 28 days.

Treatments AChE
Glucose 

(mg/dl)

Uric Acid 

(mg/dl)

Creatinine 

(mg/dl)

Total Protein 

(g/dl)
ALP (IU/l) γ-GT (U/l) LDH (U/l)

Total Lipids 

(mg/dl)

Control 1.22a±0.03 63.81c±2.95 1.69c±0.20 1.07c±0.121 8.30a±0.36 184.40c±5.90 64.56c±6.72 132.90a±11.74 770.20a±17.37

ME 0.97b±0.03 117.13b±2.64 2.42bc±0.18 1.38c±0.109 6.05b±0.32 278.65b±5.27 113.25b±6.01 149.05a±10.50 408.08d±15.53

FEN 0.83b±0.03 149.84a±2.95 3.54a±0.20 2.57a±0.121 5.34b±0.36 313.69a±5.90 167.05a±6.72 172.02a±11.74 500.00c±17.37

ME+FEN 0.75b±0.03 149.96a±2.95 3.07ab±0.20 1.91b±0.121 6.32b±0.36 336.96a±5.96 134.04b±6.72 163.12a±11.74 623.74b±17.37

Means were statistically compared using the Scheffe’s post-hoc multiple comparison method at p≤0.05%. Means with the same superscript letter are not significantly differ-
ent. Each treatment was replicated 6 times and each replicate was measured 3 times
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from ME. Glucose contents were severely increased by 84, 

135, and 135% of control after rats have been inhaling ME, 

FEN, and ME+FEN (Figure 1), respectively. 

Eff ects on renal characteristics
Kidney functions were impaired as revealed by the ele-

vated levels of creatinine in serum (Table 3 and Figure 1). 

Creatinine results were affected significantly by ME, FEN 

treatments, and their mixture. Levels of creatinine were 

1.07±0.121, 1.38±0.109, 2.57±0.121, and 1.91±0.121 mg/

dl for control, ME, FEN, and ME+FEN, respectively. FEN 

treatment showed the greatest increase in creatinine 

followed by ME+FEN, while ME was not different from 

the control. Creatinine levels were increased by ME, 

FEN treatments, and their mixture by 29, 140, and 78% 

of control, respectively (Figure 1). It was reported that 

oral doses of FEN at ¼ of LD50 (60 mg/kg b.w.) for 12 d 

increased cholesterol and creatinine causing renal dam-

age (Al-Sahhaf, 2006). 

In addition, levels of uric acid were increased 

from 1.69±0.20 (control) to 2.42±0.18, 3.54±0.20, and 

3.07±0.20 mg/dl after ME, FEN, and ME+FEN treatments, 

respectively (Table 3). The ME, FEN, and ME+FEN treat-

ments increased uric acid contents by 43, 109, and 78% 

of control, respectively (Figure 1). The FEN treatment 

increased uric acid content compared to control and ME 

groups, which were not different from each other and ME 

was not different from the mixture treatment (ME+FEN). 

Yet, the effect of ME on uric acid was similar to that of 

ME+FEN. 

Eff ects on hepatic biochemical parameters 
The liver was the most affected organ by repeated oral 

administration of FEN (Trottier et al., 1980). As well, ME 

caused tumors in liver cells of rats and mice (Burkey et al., 

2000; Thompson et al., 1990). Besides, ME was minimally 

cytotoxic to hepatocytes isolated from rats and mice and 

caused UDS in both species in a dose-dependent manner 

(Burkey et al., 2000; Martelli et al., 1994). Current results 

showed that total protein contents were significantly dif-

ferent between control and ME, FEN, and ME+FEN treat-

ments from 8.30±0.36 g/dl to 6.05±0.32, 5.34±0.36, and 

6.32±0.36, respectively (Table 3). However, there were no 

differences between ME, FEN, and ME+FEN inhalation 

treatments. Total protein contents were decreased relative 

to control by 36% as a result of FEN treatment (Figure 1). 

Additionally, ME induced hypoproteinemia and hypoal-

buminemia evidenced by the decreased concentrations 

of total protein in both male and female rats due to the 

induced liver and glandular stomach toxicity (Abdo et al., 

2001).

Alkaline phosphatase (ALP) activity was increased sig-

nificantly after rats had inhaled ME, FEN, and ME+FEN 

compared to the control group. Both FEN and ME+FEN 

doses revealed elevated adverse effects on ALP compared 

to ME. The ALP activity was increased significantly after 

rats inhaled ME, FEN, and ME+FEN by 51, 70, and 83% 

of control, respectively (Figure 1). γ-Glutamyl transferase 

(γ-GT) activity values were 64.56±6.72, 113.25±6.01, 

167.05±6.72, and 134.04±6.72 U/l for control, ME, FEN, 

and ME+FEN, respectively (Table 3). All three treatments 
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Figure 1. Average percentages of increase or decrease of biochemical parameters of control group after the inhalation study for 28 days. Relative 
decrease or increase from control = (Treatment Reading – Control Reading)/Control Reading) × 100
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significantly increase γ-GT activity compared to control. 

Rats that inhaled FEN showed the greatest activity of 

γ-GT followed by ME and ME+FEN treatments. 

Inhalation of ME, FEN, and ME+FEN significantly 

decreased total lipid contents with mean values of 408.08, 

500, and 623.74 mg/dl, respectively, compared to the con-

trol (770.20 mg/dl) (Table 3). The ME group showed the 

least amount of total lipids followed by FEN and ME+FEN 

groups. The ME, FEN, and ME+FEN treatments caused a 

significant decrease in the total lipids content by 47.02, 

35.08, and 19.02% of control, respectively (Figure 1). In 

literature, it was reported that FEN, in a dose-dependent 

manner from 5 to 20 mg/100 g, caused lipid accumulation 

with the alteration of the ratio of various components of 

phospholipids and neutral lipids in various organs of rats 

(Roy et al., 2004). Lactate dehydrogenase (LDH) activ-

ity tended to increase after inhalation of ME, FEN, and 

ME+FEN, but there was no significant difference between 

treatments and control group (Table 3). The elevated activ-

ity of LDH by FEN could be due to cell lysis or membrane 

damage and indicates significant pulmonary injury (Khan 

et al., 1990), but the current study reported a tendency of 

increase in the activity of LDH.

Eff ects on oxidative stress enzymes 
Oxidative stress enzymes glutathione-S-transferase 

(GST), glutathione peroxidases (GP), glutathione reduc-

tase (GR), and superoxide dismutase (SOD) activities were 

increased after the ME, FEN, ME+FEN treatments (Figure 

2). FEN caused a significant increase in the GST activity 

compared to ME and ME+FEN treatments that showed 

similar effects but had greater GST activity compared to 

the control group. Similarly, FEN insecticide caused the 

greatest increase in GP activity (593.33 nM NADPH/min/

ml) and followed by ME+FEN (379.34) and ME (231.5) 

treatments, respectively, compared to the control group 

(238.2 nM NADPH/min/ml). The GR activity (U/l) was 

significantly increased in the serum of rats that inhaled 

FEN (57.28), ME+FEN (41.20), and ME (32.95) in an 

ascending order compared to the control (21.10). In 

addition, SOD activity (U/l) was increased significantly 

after ME+FEN (216.35), ME (213.46), and FEN (194.72) 

in ascending order but not different from each other. FEN 

treatment tended to increase the SOD activity compared 

to the control group but not significantly different. 

It was noticed that the FEN insecticide caused the high-

est increase in GR activity where it was increased in the 

serum of rats by 170% of control (Figure 1). Additionally, 

the GP activity values were increased up to 150% of con-

trol. The SOD activity was increased significantly after 

ME+FEN, ME, and FEN inhaling by 85, 69, 88% of control, 

respectively. In previous studies, the GST isozymes in rat 

and human samples were inhibited by ME (Rompelberg et 

al., 1996). Fenitrothion was reported to has lower toxic-

ity to mammals relative to insects due to the enhanced 

detoxification system through dealkylation by glutathione 
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Figure 2. Mean ± SE activity values of glutathione-S-transferase (GST; U/l), superoxide dismutase (SOD; U/ml), glutathione peroxidase (GP; nM 
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dealkyltransferase (NRCNA, 2011). It was suggested that 

GSH, GP, SOD, and GST play a key role in the defense 

against induced oxidative stress in isolated hepatocytes 

when incubated with FEN (El-Shenawy, 2010).

Conclusions

Annihilation systems as part of the integrated pest 

management practices might cause inhalation toxicity 

to farmers. The ME and FEN are used extensively in the 

pheromone-baited traps in agricultural fields. Therefore, 

the inhalation of ME, FEN, and their mix (ME+FEN) 

might incite hematological and biochemical parameters 

(AChE, glucose, lipids, hepatic, renal, and oxidative stress 

enzymes) in rats. The studied parameters were altered 

significantly compared to the control group. Significant 

decreases in mean cell hemoglobin and mean cell hemo-

globin concentration, red blood cell, AChE, and total lipids 

levels were reported. On the other hand, lactate dehydro-

genase, uric acid, creatinine, γ-glutamyltransferase, and 

oxidative stress-related enzymes (glutathione peroxidase, 

glutathione reductase, glutathione-S-transferase, and 

superoxide dismutase values were increased compared to 

the results of the control group. Therefore, handling safe-

labeled chemicals should be carefully done.
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ABSTRACT
Vipoxin is the main toxic component isolated from the venom of long-nosed viper Vipera ammodytes meridionalis, which population 

is widely distributed on the Bulgarian area. The neurotoxin consists of two subunits – unstable and toxic phospholipase A2 (PLA2) and 

non-toxic acidic component without enzymatic activity (Vipoxin’s acidic components, VAC). In the current study, the action of neuro-

toxic complex was examined by neurophysiological in vivo experimental model on anaesthetized rats. Vipoxin produces neuromuscular 

blockade in a dose-dependent manner with non-depolarizing post-junctional site of action. It was found that isolated PLA2 displays 

significantly lower blocking activity in comparison with Vipoxin when both have been applied in equimolar concentration. That implies 

the stabilizing role of VAC and its significance for the toxicity of the whole complex. The Vipoxin-induced neuromuscular blockade is 

completely reversed when antivenom is administrated.

KEY WORDS:  snake venom; Vipoxin; in vivo neurotoxicity; neuromuscular transmission

Correspondence address: 

Yana Goranova

Research Laboratory of Military Toxicology, 

Department “Disaster Medicine and Toxicology” 

Military Medical Academy, 

3, G. Sofiiski Str., 1606 Sofia, Bulgaria.

TEL.: ++3592-92-25960 • FAX +3592-92-25966

E-MAIL: goranovay@gmail.com

2004). Pre-synaptic neurotoxins with varying phospho-

lipase A2 activities were identified in the venoms of the 

four major families of venomous snakes – Crotalidae, 

Elapidae, Hydrophiidae and Viperidae (Harris, 1997, 

Kuruppu et al., 2008). A triphasic effect on acetylcholine 

release could be seen when the blockade of transmis-

sion is produced by these toxins (Su & Chang, 1984). 

Post-synaptic neurotoxins are known to be antagonists 

of the nicotinic receptor in the skeletal muscle (Gong et 

al., 1999). Depending on their sequence, post-synaptic 

toxins are subdivided into short- and long-chain toxins 

(Phui Yee et al., 2004). These toxins display different 

binding kinetics and different affinity for subtypes of 

nicotinic receptors. Post-synaptic neurotoxins are identi-

fied only in venoms of snakes from the families Elapidae 

and Hydrophiidae. (Hodgson & Wickramaratna, 2002). 

Effects of neurotoxins are manifested as interference of 

neuromuscular signal transmission and can vary from 

subtle alteration of neurotransmitter release to complete 

neuromuscular block. The activity of neurotoxins can be 

exerted at the pre-synaptic elements, post-synaptic or both 

(Harris, 1984). There are different kinds of venom, which 

contain both pre- and post-synaptically active toxins. 
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ORIGINAL ARTICLE

Introduction

Snake venoms are a cocktail of different compounds such 

as proteins with enzymatic and non-enzymatic activity, 

polypeptides and inorganic components that have evolved 

to assist in the capture and digestion of prey, as well as 

for use in defense against potential enemy. Each of these 

compounds may possess one or more different function as 

anticoagulant, hemolytic and cytolytic activities, necro-, 

myo-, nephro-, cardio- or neurotoxicity that could not be 

directly correlated with the enzymatic activity (Kini & 

Evans, 1989, Joseph et al., 2011). 

Skeletal neuromuscular junction is one of the major 

targets of snake venom in the somatic nervous system 

(Utkin & Krivoshein, 2016). Particularly, attention needs 

to be paid to neurotoxins, which can be classified accord-

ing to their site of action as pre- or post-synaptic (Gawade, 
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For example, a post-synaptic toxin Daboia Neurotoxin 

isolated from the venom of Russell’s viper Daboia rus-

selii contains phospholipase A2 with pre-synaptic site 

of action. Venom of kraits (Bungarus spp.) consists of 

several different types of neurotoxins (Kini, 2003), in 

addition to the alpha-bungarotoxin (post-synaptic) and 

beta-bungarotoxin (pre-synaptic) already described (Lee 

et al., 1977, Rugulo et al, 1986). Venom of kraits also 

contains kappa-bungarotoxin that binds to the neuronal 

nicotinic acetylcholine receptors at the post-synaptic 

level in central cholinergic synapses in autonomic ganglia 

(Ranawaka et al., 2013). The main toxic component of 

the South American rattlesnake – the β-neurotoxin cro-

toxin (Crotalus durissus terrificus) may cause blockade 

via a post-synaptic action involving stabilization of the 

desensitized form of the nicotinic acetylcholine receptor 

(Sampaio et al., 2010).

The family Viperidae is the most diverse family of 

venomous snakes (Tasoulis & Isbister, 2017). Most vipers 

have numerous heavily keeled scales and possess a large, 

flattened triangular head. The venom fangs are large, 

which permit deep penetration during envenomation of 

prey. They are found throughout Europe, Africa, Asia and 

America (Lewis & Gutmann, 2004).

Vipoxin is the main toxic component isolated from the 

venom of long-nosed Bulgarian viper – Vipera ammodytes 

meridionalis (Tomovic, 2006). It is a complex of two sub-

units – a basic and toxic phospholipase A2 enzyme (EC 

3.1.1.4, sPLA2) and an acidic non-enzymatic component 

(Vipoxin’s acidic components, VAC) with 62% amino-acid 

sequence identity (Mancheva et al., 1987). This toxin is 

the first reported example of a high structural similarity 

between an enzymatic and non-enzymatic subunit and 

it is a unique example of regulation of toxic function 

generated by molecular evolution that is of great pharma-

cological interest. The complex formation between the 

two subunits is necessary for the physiological function of 

Vipoxin (Noetzel et al., 2002). The function of VAC is to 

stabilize the neurotoxin’s quaternary structure, required 

for Vipoxin’s toxic and enzymatic activities, similarly to 

the role of the acidic component of crotoxin (Atanasov 

et al. 2012). According to the published preliminary data, 

the neurotoxic complex of Vipoxin appeared able to block 

the post-synaptic membrane, whereas phospholipase A2 

manifested a pre-synaptic action that was possibly due 

to its enzymatic activity (Tchorbanov et al., 1978). In the 

present study, we are trying to investigate the mechanism 

of neuromuscular blockage in vivo as well as to answer 

the question about the difference in the toxic action of 

Vipoxin and its PLA2.

Material and methods

Animals and surgical procedures, in vivo experiments
Experiments were carried out on 18 male albino “Wistar” 

rats (180–220 g) obtained from the Laboratory Animal 

Farm of Military Medical Academy (Sofia, Bulgaria). Prior 

to the experiments they have been housed with 6 animals 

per cage. Temperature was kept at 18–22 °C, humidity 

was maintained at 50–65% and 12 h light-dark cycle was 

available. Rats were allowed to standard rodent food and 

tap water ad libitum. The animals were anaesthetized by 

intraperitoneal injection of 1.5 g/kg 20% urethane applied 

45 min before the beginning of experiment to minimize 

any pain and discomfort caused.

Experimental surgical protocol for cannulation of 

femoral vein and intravenous administration of the test-

ing compounds was used (Goranova et al., 2018). This 

provides prolonged monitoring within the framework of 

60–120 min and toxicological evaluation of the testing 

compounds and observation. The trachea was can-

nulated with an endotracheal tube connected to rodent 

ventilator with artificial ventilation. Tetanic responses 

of the m. extensor digitorum longus (EDL) evoked by n. 

ischiadicus stimulation.

Experiments were carried out in accordance with the 

Regulation № 20/2012 “Minimal requirements for protec-

tion and humanely attitude to the experimental animals, 

Bulgarian Food Safety Agency, Animal Health and 

Welfare and Feed Control Directorate, Animal Welfare 

Unit (Member State authorities for Directive 2010/63/EU).

The scientific examination in vivo of experimental 

animals, has been conducted in accordance with the 

principles of ICLAS/FELASA and the Ordinance for a 

humanely attitude towards the experimental animals, 

with regard to which Military Medical Academy (Sofia, 

Bulgaria) has received the necessary license-permit 

received by the National Commission. /License-permit 

from the National Commission 13/06.02.2013/ Standpoint 

№ 6/ expiration date: 06.02.2018/

Toxins
Vipoxin was isolated from crude air-dried venom from 

Bulgarian long-nosed viper Vipera ammodytes meridiona-

lis (purchased from the Thracian Herpetological Society, 

Stara Zagora, Bulgaria) by ion-exchange chromatography 

on SP-Sephades C-50 (Pharmacia, Sweden) using linear 

gradient from 0.05 M up to 0.4 M Tris-citrate buffer, pH 7.3 

(Tchorbanov & Aleksiev, 1981; Atanasov et al., 2009). 

It was dialyzed and lyophilized before separation of its 

component using charged chromatography with carboxy-

methylcellulose. The homogeneity of the basic and acidic 

subunits was verified by SDS-PAGE (Laemmli, 1970). 

Total protein content was determined according to Smith 

et al. (1985). Enzymatic activity was assayed as described 

by Cho et al. (1988) and Holzer & Mackessy (1996). 

Doses, in vivo experiments
Vipoxin was administered intravenously in three dif-

ferent doses – 1/5, 1/10, and 1/20 of LD50 (7.8 mg/kg 

b.w.). LD50 (rats) of the neurotoxin was calculated using 

conversion factor between animals (Nair & Jacob, 2016) 

based on previously published LD50 (mice) (Atanasov et 

al., 2012). PLA2 and VAC were also applied intravenously 

in the dose equimolar to 1/5 LD50 of Vipoxin and 1/10 

LD50 (rats) of Vipoxin, respectively (the number of repeti-

tions is 3 for each dose administered). To reconstitute the 
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Vipoxin complex, the PLA2 subunit was incubated with 

the same molar concentration of VAC (1:1 molar ratio 

as in the native Vipoxin) for 30 min at 4 °C (Atanasov 

et al., 2012). To analyze the effect of аntivenom (100AE, 

1:100, Bul Bio, Bulgaria), it was injected intravenously 

without further dilution.

Devices
Measuring system for investigation of neuromuscular 

conduction and contractile function on rat skeletal 

muscle was used (Experimetria, Ltd., Hungary). The sys-

tem is designed to study on neuromuscular connection 

in in vivo condition on small laboratory animals (rats and 

guinea pigs). It mainly consists of microprocessor control-

ling modular square wave stimulator. SPEL Advanced 

Haemosys Software is an integral part of the compact 

research system and has been developed to monitor, save 

and analyze all measuring online and offline data. The 

contractile response is measured following either direct 

muscle stimulation, or by nerve stimulation. Parameters 

of the electrical stimulus were: PP (pulse period) – 45 s, 

PW (pulse width) – 1 ms, TD (train delay) – 0, TN 

(train numbers) – 0, DE (delay) – 5 ms, pressure – 3 V. 

Tetanic responses were elicited by 50 Hz trains of stim-

uli for five seconds.

Red blood cells (RBC) morphology and complete blood count 
The effect of Vipoxin and its components to RBC mor-

phology was assessed by examination of stained blood 

smears. To make a visual evaluation of RBC, 50 μl whole 

blood (К2EDTA) was collected from the treated animal 

in the end of the neuromuscular transmission experi-

ment. The staining of blood smears was accomplished 

according to the Pappenheim procedure using Giemsa 

and May-Grünwald dyes (Penev & Dukova-Peneva, 2007). 

Visualization of RBC morphology was performed using 

light microscope Motik 1820 (Motik, China, 1000×, oil 

immersion). Complete blood count was measured using 

analyzer “Erma Inc”.

Results and discussion

Neuromuscular transmission
Neuromuscular synaptic transmission involves sequence 

of events, in which every single step is a possible target 

for neurotoxic activity. Acetylcholine is neurotransmitter 

synthesized from inactive precursors within the pre-syn-

aptic nerve terminal (Bowman, 1995). Arrival of action 

potential in pre-synaptic motor axon terminals cause 

to open of voltage gated Ca2+ channels and Ca2+ moves 

down its electrochemical gradient into the nerve termi-

nal. The elevation of unbound Ca2+ leads to fusion of the 

vesicles with the pre-synaptic membrane. Acetylcholine 

is released into the synaptic cleft as a response to an 

action potential and bounds to the acetylcholine recep-

tors on the post-synaptic membrane (Sakmann, 1992). 

This opens ion channels in the post-synaptic membrane 

that allow the flow of positive-charged ions down the 

concentration gradient and consequently depolarization 

of the post-synaptic membrane occurs. If the response 

reaches threshold, a regenerative action potential is gen-

erated on the post-synaptic membrane, which ultimately 

results in muscle contraction. The action of acetylcholine 

is terminated rapidly by the enzyme acetylcholinesterase 

and the process repeats (Lewis & Gutmann, 2004).

Snake venoms contain potent toxins that are capable of 

inhibiting neuromuscular transmissions on pre-synaptic 

(β-neurotoxins) and post-synaptic (α-neurotoxins) sites. 

The pre-synaptic neurotoxicity is associated with PLA2 

activity found in the venoms. Finding that after a rela-

tively short time period (i.e. approximately 30 min) the 

inhibitory effects of the β-neurotoxins cannot be reversed 

by the addition of antivenom is of clinical interest 

(Hodgson & Wickramaratna, 2002). It is known that some 

β-neurotoxins (taipoxin, notexin) cause irreversible pre-

synaptic damage and depletion of pre-synaptic vesicles 

one hour after injection of venoms (Bowman, 2006, Cull-

Candy et al., 1976). 

Vipoxin is one of the few known multichain neuro-

toxins with post-synaptic toxicity. The results obtained 

in previously in vitro experiment in 1978 showed that the 

toxin isolated from Vipera ammodytes meridionalis is an 

α-neurotoxin that acts on the postsynaptic membranes 

preventing the binding of acetylcholine to its receptor 

and blocking the neuromuscular transmission of skeletal 

muscles (Tchorbanov et al., 1978). In this way, the toxin 

exerts its lethal action similar to another multimeric 

post-synaptic snake venom α-bungarotoxin. When 

isolated from the complex, the vipoxin’s PLA2 manifests 

a presynaptic action. Evidently, the complex formation 

changes the target of the pharmacological action of the 

neurotoxin and Vipoxin is “targeted” to the post-synaptic 

site (Banumathi et al., 2001).

In the current study, we assessed in vivo effects on the 

neuromuscular transmission of native Vipoxin in rats, 

isolated from the venom of Bulgarian long-nosed viper 

Vipera ammodytes meridionalis, and its subunits – PLA2 

and VAC, each applied alone as well as reconstituted com-

plex Vipoxin (a mixture of preliminary separated PLA2 

and VAC in 1:1 molar ratio, incubated for 30 min at 4 °C). 

In blank experiment (control), the tetanic responses 

of EDL after nerve stimulation were 95±5% of control 

group (n=3) after 60 min of n. ischiadicus stimu-

lation were induced.

In our experiments Vipoxin produces a dose-depended 

blockade of the tetanic responses of the EDL to nerve 

stimulation. 75% inhibition of neuromuscular transmis-

sion was recorded at higher dose of Vipoxin 1/5 LD50 

(rats) (Figures 1A, B). In contrast, when PLA2 was applied 

in equimolar dose of 1/5 LD50 (rats) Vipoxin, causes 

only 15% depression of neuromuscular transmission 

(Figures 1A, B). The reconstituted Vipoxin demonstrates 

40% depression of neuromuscular transmission, that is 

practically the same effect as native Vipoxin in the same 

dose used, which means that the Vipoxin complex is 

completely restored (Figure 1A). These findings support 

the presumption that the integrity of the neurotoxin is 
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important for its toxic activity and raise questions about 

the VAC role on the whole complex.

The onset of neuromuscular block was gradual in all of 

the doses and testing compounds used. The depressions 

in the tetanic responses became detectable approximately 

14 min (8–20 min) after intravenous injection of the test-

ing compounds. The presence of a fade response during 

the blockade of nerve-evoked tetanic responses of the 

EDL has been observed for all Vipoxin and reconstituted 

complex doses applied.

The muscle response to tetanic stimulation is sus-

tained during normal neuromuscular transmission 

and a pure depolarizing block, whereas during a non-

depolarizing block fade occurs and the response is not 

sustained. A possible explanation for the fade response is 

that under tetanic stimulation the acetylcholine, available 

in pre-synaptic stores, bursts into synaptic cleft and starts 

to stimulate post-synaptic cholinergic receptors. The pro-

cess continues until a depletion of stores occurs followed 

by a period of equilibrium, meanwhile mobilization and 

synthesis of acetylcholine is achieved. However, even in 

condition of this equilibrium a tetanic stimulation of the 

nerve (50 Hz) maintain muscle response due to incongru-

ity between the release of acetylcholine (much higher) and 

 

 

A

B

Figure 1. A) Evaluation of inhibitory eff ect of Vipoxin, PLA2 and reconstituted Vipoxin complex (PLA2 and VAC in ratio 1:1) on neuromuscular 
transmission at 60 min. All compounds tested were used at doses equimolar to 1/5, 1/10 and 1/20 LD50 Vipoxin. Each experiment was performed 
in triplicate (three independent analysis). B) Representative mechanograms of neuromuscular transmission following application of neurotoxin 
Vipoxin at doses to 1/5, 1/10 and 1/20 LD50. Administration of compound tested was labeled and indicated by a bent arrow.
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its amount necessary to evoke a response. When a non-

depolarizing neuromuscular blocking agent provokes 

reduction of the “margin of safety” of the post-synaptic 

membrane the decrease in release of acetylcholine during 

tetanic stimulation produces fade (Miller, 2010).

The results obtained from this study well correlate 

to the data about acute toxicity of Vipoxin and its 

PLA2 confirming that native Vipoxin is more toxic in 

comparison to PLA2 and the VAC is of importance for 

toxicity of the whole complex (Atanasov et al., 2012). It 

can be concluded that Vipoxin is the carrier of the toxic 

effects on the skeletal muscles and neuromuscular trans-

mission particularly.

There is a dose-response relationship between the 

amount of Vipoxin and the reducing of the neuromus-

cular transmission. This finding explains the clinical 

signs followed envenoming by Bulgarian viper and the 

corresponding effects on the skeletal muscles.

Here, for the first time, we have tested the effect of 

the antivenom (commercial product; fraction from 

horse  hyperimmune  plasma) on the neuromuscular 

transmission after Vipoxin-induced inhibition. It was 

found that the neuromuscular activity is successfully 

recovered when the antivenom have been applied 

(Figure 2). In our experimental protocol, the specific 

treatment started immediately when the neuromuscular 

block was registered. In the future project, the antidote 

effects of the same antivenom will be assessed after 

postpone application. 

Figure 2. Representative mechanogram of eff ect of antivenom (appli-
cated 30 min after neurotoxin) on neuromuscular blockade caused by 
1/5LD50 Vipoxin (administered at 15 min).

Figure 3. Representative images of eff ect of Vipoxin at doses of 1/5, 1/10 and 1/20 LD50 on morphology of RBC (blood smears): (a) normal erythro-
cytes control; (b) RBC treated with Vipoxin at dose 1/20 LD50 where no morphology deviation was observed; (c) RBC treated with 1/10 LD50 Vipoxin 
– an increased number of microcytic cells suggesting initial membrane lysis can be observed; (d) RBC treated with Vipoxin at dose 1/5 LD50 – reg-
istration of numerous echinocyte formation.
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Red blood cells morphology and complete blood count
Normocytic RBCs are biconcave, disc-shaped, anuclear 

cells. Their morphology has five important param-

eters: shape, size, color, inclusions and arrangement. The 

abnormalities of RBC morphology are source of the key 

information in establishing a differential diagnosis. In 

our experiment, no deviation in RBC morphology was 

observed in the control sample (Figure 3a) and at the 

lowest dose of Vipoxin 1/20 LD50 (rats) used (Figure 3b). 

When the dose of 1/10 LD50 (rats) Vipoxin was applied 

(Figure 3c) an increased number of macrocytic cells was 

observed, whereas when the highest dose of 1/5 LD50 

(rats) Vipoxin was applied numerous echinocyte forma-

tions were found (Figure 3d). It should be mentioned 

that macrocytosis supposes an initial membrane lysis. 

The presence of echinocytes in this case may be used as 

a diagnostic and hemolytic prognostic factor. The effect 

on RBC morphology due to Vipoxin’s PLA2 subunit have 

been studied (Stoykova et al., 2013) and apparently, it 

was found that echinocytes formation is a main result of 

PLA2 enzymatic activity.

Conclusion

The effect of Vipoxin (the main toxin isolated from the 

long-nosed Bulgarian viper – Vipera ammodytes meridi-

onalis) on the neuromuscular transmission and its ability 

to cause disturbance in physiological functions of the 

neuromuscular synapse was studied for the first time 

using neurophysiological in vivo experiment. A relation 

between the doses of the neurotoxin Vipoxin and the 

extent of reduction of neuromuscular transmission 

was registered. The comparison between the effects of 

PLA2 and recombinant Vipoxin (complex of PLA2 and 

VAC) on the neuromuscular transmission showed that 

recombinant Vipoxin possesses the same potential as the 

native Vipoxin. Vipoxin induces neuromuscular block 

with non-depolarizing post-junctional site of action. 

Applying of antivenom reverses the neuromuscular 

transmission when the Vipoxin-induced blockade is real-

ized. The dose-responded changes on RBC’s morphology 

was observed during the experiments displaying in vivo 

hemolysis of the cells.
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ABSTRACT
Our earlier studies showed that exposure to lead (Pb) caused irreversible perturbations in the cholinergic system and neurobehavioral 

functions of female rats. In this study, we extended our studies to investigate the role of mitochondrial metabolic and oxidative enzymes 

in response to Pb exposure in pregnant and non-pregnant rats. Further, we evaluated the protective effect of α-tocopherol against 

Pb-induced mitochondrial dysfunction in female rats. Pregnant (GD 1 to PND 21) and non-pregnant rats were exposed to 0.2% Pb for 

the period of 42 days (6 weeks) while alpha (α)-tocopherol (100 mg/kg) was given orally through gavage for a period of 21 days (last 

3 weeks) to Pb exposed pregnant and non-pregnant rats. Rats were decapitated on 7th day and 30th-day after the 42 days Pb exposure. 

Pb exposure decreased the activities of mitochondrial succinate dehydrogenase (SDH), isocitrate dehydrogenase (ICDH), superoxide 

dismutase (SOD), glutathione peroxidase (GPx) and catalase (CAT) enzymes whereas the glucose-6-phosphate dehydrogenase (G6PDH), 

and malondialdehyde (MDA) levels increased in the cortex, cerebellum, and hippocampus at both 7th and 30th day points of pregnant 

and non-pregnant rats. Pb-induced alterations were greater in cortex coinciding with higher Pb levels observed in the cortex than 

hippocampus and cerebellum. Although the supplementation of α-tocopherol significantly reversed the Pb-induced alterations in the 

mitochondrial metabolic and oxidative enzymes, the reversal effect on Pb levels in different brain regions was marginal in both preg-

nant and non-pregnant rats. In conclusion, our data demonstrate that exposure to Pb significantly alters the mitochondrial enzymes 

in brain region-dependent manner and the effect of Pb was greater in non-pregnant female rats than pregnant rats. Further, the data 

provide evidence for the protective efficacy of α -tocopherol against Pb-toxicity. 
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system being an important target (Flora et al., 2012). The 

mean half-life of Pb in blood is approximately 21–28 days, 

whereas Pb accumulates in bones with a mean half-life 

of 5–19 days and this burden may be mobilized during 

pregnancy and readily crosses the placenta into the blood 

of the developing fetus (Beier et al., 2015; ATSDR, 2007). 

Neuro-behavioral deficits in children such as impaired 

cognition, impulsivity, hyperactivity and decreased motor 

functions, due to exposure to low-level Pb, have been 

well documented (Liu et al., 2013). Our previous studies 

also clearly stated that early life exposure to Pb-induced 

the broad range of neurological problems and these 

Pb-induced neurobehavioral dysfunctions in young rats 

persisted in later life (Gottipolu et al., 2014; Basha et al., 

2012). However, compared with children, the impact of Pb 

exposure on women health has been neglected. 
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ORIGINAL ARTICLE

Introduction

Lead (Pb) is a ubiquitous environmental and industrial 

pollutant that has been detected in almost all phases of 

biological systems (EFSA, 2012). Pb is known to induce a 

broad range of physiological, biochemical and behavioral 

dysfunctions in animals and humans (Basha & Reddy, 

2015; Gao et al., 2010). Exposure to Pb can result in 

significant alterations in various organs, the nervous 
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One of the possible mechanisms underlying Pb-induced 

neurotoxicity is its capacity to produce reactive oxygen 

species (ROS) and oxidative stress, which contributes to 

the pathogenesis of poisoning by disrupting the pro-oxi-

dant/antioxidant balance in cells (Jia et al.,2012). Neurons 

are particularly vulnerable to free radical attack since 

impaired defences or exposure to excess free radicals may 

lead to neuronal death (Gutowicz, 2011; Akitane et al., 

1994). Mitochondria are important intracellular target 

site for Pb toxicity (Sousa & Soares, 2014). Experimental 

studies confirmed the possible involvement of reactive 

oxygen species (ROS) in Pb-induced toxicity (Lopes et 

al., 2016) by increased lipid peroxidation (TBARS) and 

decreased activities of mitochondrial enzymes, succinate 

dehydrogenase (SDH), isocitrate dehydrogenase (ICDH), 

catalase (CAT), glutathione peroxidase (GPx), and super-

oxide dismutase (SOD) in rat brains (Basha et al., 2012; 

Pande & Flora 2002; Kuhad & Chopra, 2007). 

Vitamin E (vit-E) has been used as antioxidant to pre-

vent the Pb-induced oxidative damage in nervous system 

(Salehi et al., 2015). Few studies reported that supplemen-

tation of vit-E lowered ROS that generate cellular damage 

in different cell types, prevented the Pb-induced pertur-

bations in aminolevulinic acid dehydratase (ALAD) activ-

ity in blood (Rendón-Ramirez et al., 2007), increased the 

total antioxidant capacity as well as superoxide dismutase 

(SOD), catalase (CAT) and glutathione peroxidase (GPx) 

activities (Prasanthi et al., 2010, Machartová et al., 2000). 

Our previous study also reported the beneficial effects of 

vit-E against Pb-induced neurobehavioral dysfunctions in 

female rats (Sreenivasulu et al., 2015). The present study is 

designed to investigate the adverse effects of Pb on mito-

chondrial metabolic and oxidative enzymes in different 

brain regions of pregnant and non-pregnant rats and fur-

ther examine the beneficial effect of the administration 

of vit-E on Pb-induced mitochondrial dysfunction in rats.

Materials and methods

Chemicals
Chemicals (lead acetate and α-tocopherol acetate) used in 

this study were purchased from Sigma Chemical Co. St 

Louis., USA and all other chemicals were purchased from 

Merk, India. 

Animal exposure
For the present study, non-pregnant (adult) and pregnant 

female (adult) rats were selected. Pregnant (GD 1 to PND 

21) and non-pregnant rats were exposed to 0.2% Pb for 

the period of 42 days (6 weeks) while alpha (α)-tocopherol 

(100 mg/kg) was given orally through gavage for a period 

of 21 days (last 3 weeks) to Pb exposed pregnant and non-

pregnant rats (Figure 1). Control rats received only deion-

ized water without Pb. Rats were decapitated on 7th day 

and 30th-day after the 42 days Pb exposure (i.e., 6 animals 

of each group were sacrificed for each time point (7th and 

30th days). Different brain regions such as cerebral cortex, 

hippocampus and cerebellum were isolated on ice and 

used for estimating biochemical analysis and Pb levels. 

The experiments were carried out in accordance with the 

guidelines of the Committee for the Purpose of Control 

and Supervision on Experiments on Animals (CPCSEA), 

Government of India, and Animal Ethical Committee of 

S.V. University.

Preparation of brain mitochondrial fraction
Mitochondrial fractions were prepared by following 

the method of Lai and Clark (1979). The tissues were 

homogenized in 10 volumes (w/v) of SET buffer (0.25 M 

sucrose, 10 mM Tris-Hcl, and 1 mM EDTA, pH 7.4). The 

homogenate was first centrifuged at 800 × g for 10 min at 

4 °C, and then supernatant was centrifuged at 10,000 × g 

for 20 min. Then the pellet of mitochondrial fraction was 

suspended in SET buffer. 

Estimation of mitochondrial metabolic enzymes

Succinate dehydrogenase (SDH) 

SDH activity was estimated by the method of Nachlas et 

al. (1960) as modified by Prameelamma and Swami (1975) 

with slight modifications. The total reaction mixture 

contained 0.5 ml of phosphate buffer (pH 7.2), 0.4 ml of 

sodium succinate, 0.4 ml of INT and 0.2 ml of water in a 

final volume of 2 ml. The reaction was initiated by addi-

tion of 0.2 ml of mitochondrial fraction. The contents 

Cerebral Cortex    Cerebellum     Hippocampus 

Non-Pregnant Rats 

42 days 

Pb Exposure (0.2%) 

Pregnant Rats 

Pb Exposure (0.2%) 

GD1 PND 21 42 days 

Vitamin-E (100mg/kg) 

21 days 

Vitamin-E (100mg/kg) 

21 days 

7th Day 30th Day 

Figure 1. Study design: A schematic representation of exposure.
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were incubated for 30 min at 37 °C. After incubation, 

the reaction was stopped by addition of 5 ml of glacial 

acetic acid. Later 5 ml of Toluene was added and kept 

for overnight. The formazan formed was extracted into 

5.0 ml of toluene and the colour was measured at 495 nm 

in spectrophotometer (Hitachi model, U-2001) against 

toluene blank. 

Isocitrate dehydrogenase (ICDH) 

Isocitrate Dehydrogenase activity was estimated by the 

method of Lee and Lardy (1965). The final volume of 2 ml 

assay mixture contains 0.5 ml of phosphate buffer (pH 

7.2), 0.4 ml of Isocitrate, 0.4 ml of INT, 0.1 ml of MgCl2, 

0.1ml of ADP and 0.2 ml of NAD. The reaction was 

initiated by addition of 0.3 ml of mitochondrial fraction. 

The contents were incubated for 30 min at 37  °C. After 

incubation, the reaction was stopped by addition of 5 ml 

of glacial acetic acid. Later 5 ml of Toluene was added and 

kept for overnight. The formazan formed was extracted 

into 5.0 ml of toluene and the colour was measured at 

545 nm in spectrophotometer (Hitachi model, U-2001) 

against toluene blank.

Glucose-6-phosphate dehydrogenase (G6PDH) 

G6PDH activity was estimated by the method of 

Bergmeyer and Bruns (1965). The final volume of 2 ml 

assay mixture contains 0.5 ml of phosphate buffer 

(pH 7.2), 0.4 ml of Glucose-6-Phosphate, 0.4 ml of INT, 

0.1 ml of NADP and 0.2 ml of water. The reaction was 

initiated by addition of enzyme source. The contents 

were incubated for 30 min at 37 °C. After incubation, 

the reaction was stopped by addition of 5 ml of glacial 

acetic acid. Later 5 ml of Toluene was added and kept 

for overnight. The formazon formed was extracted into 

5.0 ml of toluene and the colour was measured at 545 nm 

in spectrophotometer (Hitachi model, U-2001) against 

toluene blank. 

Estimation of mitochodrial oxidative marker enzymes 

Superoxide dismutase (SOD)

SOD activity was determined by using the epinephrine 

assay of Misra and Fridovich (1972). At alkaline pH, super-

oxide anion O−
2 causes the autooxidation of epinephrine 

to adenochrome; while completing this reaction, SOD 

decreased the adenochrome formation. One unit of SOD 

is defined as the amount of extract that inhibits the rate 

of adenochrome formation by 50%. The reaction mixture 

in a final volume of 2.0 ml contained 0.05 M carbonate 

buffer (pH 10.2), 30 mM epinephrine (freshly prepared) 

and the enzyme extract. The changes in absorbance were 

recorded at 480 nm, measured at 10 sec intervals for 1 min 

in a spectrophotometer (Hitachi model, U-2001). 

Catalase (CAT)

Catalase activity in the brain mitochondrial fraction 

was assayed by following the method of Chance and 

Maehly (1955). The reaction mixture in a final volume of 

2.5 ml contained: 0.05 M phosphate buffer (pH 7.0) and 

appropriate amount of enzyme protein. The reaction was 

initiated by the addition of 19 mM hydrogen peroxide 

(H2O2). The decomposition of H2O2 was followed directly 

by measuring the decrease in absorbance at 240 nm, at 10 

sec intervals for 1 min in a spectrophotometer (Hitachi 

model, U-2001). 

Glutathione peroxidase (GPx) 

GPX activity in the mitochondrial fraction of brain was 

assayed as described by Rotruck et al. (1973). The reac-

tion mixture contained 0.2 ml of EDTA, 0.2 ml of 4 mM 

sodium azide, 0.2 ml of glutathione reduced, 0.2 ml of 

H2O2, 0.4 ml of 0.32 M sodium pyrophosphate buffer 

(pH 7.0) and 0.1 ml of enzyme source. Then the reaction 

mixture was incubated at 37 °C for 10 min. Then the 

reaction was arrested by adding of 0.5 ml 10% TCA. Then, 

samples were centrifuged at 2000 rpm for 10 min. To 

0.5 ml of supernatant, 3.0 ml of 0.3 M disodium hydrogen 

phosphate and 1.0 ml of DTNB were added and the reac-

tion was read at 412 nm in spectrophotometer (Hitachi 

model, U-2001). 

Lipid peroxidation

The lipid peroxides were determined by the TBA method 

of Ohkawa and Yagik (1979). The tissues were homog-

enized in 1.5%KCl (20% W/V). To 1 ml of tissue homog-

enate 2.5 ml of 20%TCA was added and the contents were 

centrifuged at 3,500 g for 10 minutes and the precipitate 

was dissolved in 2.5 ml of 0.05 M sulphuric acid. To this, 

3 ml of thiobarbituric acid (TBA) was added and the 

samples were kept in a hot water bath for 30 minutes. 

The samples were cooled and malonaldehyde (MDA) was 

extracted with 4 ml of n-butanol and the color was read at 

530 nm in a spectrophotometer (Hitachi model, U-2001) 

against the reagent blank. Trimethoxy pentane (TMP) 

was used as external standard. 

Estimation of brain regional Pb levels
Pb levels in different brain regions of control and experi-

mental rats were estimated with atomic absorption spec-

trophotometer (AAS- Shimadzu-AA 6300) with graphite 

furnace (GFA-EX7i). After digestion with concentrated 

nitric acid using a microwave digestion system followed 

by addition of 30% hydrogen peroxide, samples were 

brought to a constant volume. The aliquots were used for 

estimation of Pb levels. 

Protein content
Protein content of the tissues was estimated by the 

method of Lowry et al. (1951). 1% (W/V) homogenate was 

prepared in 0.25 M ice cold sucrose solution. To 0.5 ml 

of crude homogenate, 1 ml of 10% TCA was added and 

the samples were centrifuged at 1000 × g for 15 min. The 

residue was resuspended in 0.5 ml of 1 N NaOH. And 4 ml 

of alkaline copper sulphate reagent was added followed by 

0.4 ml of folin-phenol reagent (1:1 folin: H2O). The color 

was measured at 600 nm in a UV–vis spectrophotometer 

(Hitachi model U-2001) against blank. The protein stan-

dard graph was prepared using Bovine serum albumin.
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Statistical analysis of the data
The data were subjected to one way analysis of variance 

(ANOVA) followed by student Newman-Keuls (SNK) 

post hoc test. The 0.05 level of probability was used as the 

criterion for significance.

Results

The specific activities of superoxide dismutase (SOD), 

catalase (CAT), glutathione peroxidase (GPx), succinic 

dehydrogenase (SDH), isocitrate dehydrogenase (ICDH) 

and glucose-6-phosphate dehydrogenase (G6PDH) 

enzymes were estimated in the mitochondrial fractions 

of the cerebral cortex, cerebellum and hippocampus of 

Pb exposed pregnant and non-pregnant rats (Figures  2 

to 7). Exposure to Pb exhibited significant decrease 

in the specific activities of SOD, GPx, CAT, SDH and 

ICDH enzymes in all selected brain regions of pregnant 

and non-pregnant rats at 7th (p<0.001) and 30th (p<0.01) 

day time intervals, where as G6PDH showed increased 

levels (45.01%, 19.33% in cortex; 42.71%, 16.65% in hip-

pocampus; 36.32%, 15.27% in cerebellum at 7th (p<0.001) 

and 30th (p<0.01) day time intervals respectively in non-

pregnant rats; 32.30%, 27.32% in cortex; 21.79%, 20.48% 

in hippocampus; 18.52%, 15.70% in cerebellum at 7th 

(p<0.001) and 30th (p<0.01) day time intervals respectively 

in pregnant rats) (Figure  7). The MDA formation was 

observed as a level of lipid peroxidation in control and 

experimental rats of different brain regions. Pb-exposure 

increased the MDA levels in the cortex, cerebellum, and 

hippocampus compared to controls and the increase was 

found to be greater in non-pregnant rats (55.66%, 34.44% 

in cortex; 46.18%, 32.50% in hippocampus; 39.22%, 30.6% 

in cerebellum at 7th and 30th (p<0.01) time intervals 

respectively) than pregnant rats (44.10%, 39.18% in cor-

tex; 43.94%, 31.92% in hippocampus; 40.28%, 29.80% in 

cerebellum at 7th (p<0.001) and 30th (p<0.01) day time 

intervals respectively) (Figure 8). However, Pb-induced 

impairments in the specific activities of mitochondrial 

enzymes and MDA levels were more pronounced in cor-

tex compared to hippocampus and cerebellum. Further, 

these results clearly show that Pb-induced effect was 

more pronounced in non-pregnant rats than pregnant 

rats following exposure to Pb. The concentrations of Pb 

in different brain regions of non-pregnant and pregnant 

rats at 7th (p<0.001) and 30th (p<0.01) day after exposure 

are shown in Table 1. A significant increase was observed 

in the concentration of Pb levels in all three brain regions 

of both female rat groups. Among the brain regions, the 

cortex showed the highest content of Pb compared to 

cerebellum and hippocampus. Further greater Pb content 

was observed in non-pregnant rats compared to pregnant 

rats (Table 1). In addition, we investigated the protective 

effect of vit-E against Pb induced alterations in brain 

mitochondrial dysfunction in pregnant and non-pregnant 
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Figure 2. Eff ect of Pb (0.2%) exposure on superoxide dismutase (SOD) activity (μ moles of superoxide reduced/mg of protein/min) in mitochondrial 
fractions of cerebral cortex, hippocampus and cerebellum of rats and protective eff ects of α-tocopherol acetate (vitamin E) (100 mg/kg body wt). 
A: non-pregnant rats, B: pregnant rats; *p≤0.05.
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Figure 3. Eff ect of Pb (0.2%) exposure on catalase (CAT) activity (μ moles of H2O2
 decomposed/mg protein/hr) in mitochondrial fractions of cerebral 

cortex, hippocampus and cerebellum of rats and protective eff ects of α-tocopherol acetate (vitamin E) (100 mg/kg body wt). A: non-pregnant rats, 
B: pregnant rats; *p≤0.05.
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Figure 4. Eff ect of Pb (0.2%) exposure on glutathione peroxidase (GPx) activity (μ moles of NADPH oxidized/mg protein/min) in mitochondrial 
fractions of cerebral cortex, hippocampus and cerebellum of rats and protective eff ects of α-tocopherol acetate (vitamin E) (100 mg/kg body wt). 
A: non-pregnant rats, B: pregnant rats; *p≤0.05.
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Figure 5. Eff ect of Pb (0.2%) exposure on succinate dehydrogenase (SDH) activity (μmoles of formazan formed/mg protein/hr) in mitochondrial 
fractions of cerebral cortex, hippocampus and cerebellum of rats and protective eff ects of α-tocopherol acetate (vitamin E) (100 mg/kg body wt). 
A: non-pregnant rats, B: pregnant rats; *p≤0.05.
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Figure 6. Eff ect of Pb (0.2%) exposure on isocitrate dehydrogenase (ICDH) activity (μmoles of formazan formed/mg protein/hr) in mitochondrial 
fractions of cerebral cortex, hippocampus and cerebellum of rats and protective eff ects of α-tocopherol acetate (vitamin E) (100 mg/kg body wt). 
A: non-pregnant rats, B: pregnant rats; *p≤0.05.
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Figure 7. Eff ect of Pb (0.2%) exposure on glucose-6-phosphate dehydrogenase (G-6PD) activity (μmoles of formazan formed/mg protein/hr) in 
mitochondrial fractions of cerebral cortex, hippocampus and cerebellum of rats and protective eff ects of α-tocopherol acetate (vitamin E) (100 mg/
kg body wt). A: non-pregnant rats, B: pregnant rats; *p≤0.05.
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Figure 8. Eff ect of Pb (0.2%) exposure on malondialdehyde content (MDA) (μ moles of malondialdehyde/gm wet wt. of tissue) in mitochondrial 
fractions of cerebral cortex, hippocampus and cerebellum of rats and protective eff ects of α-tocopherol acetate (vitamin E) (100 mg/kg body wt). 
A: non-pregnant rats, B: pregnant rats; *p≤0.05.
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rats (p<0.005). The supplementation of vit-E along with 

Pb exposure was found to be effective in reducing lipid 

peroxidation and the activities of mitochondrial enzymes 

but the reversal effect of vit-E on Pb levels was marginal in 

both non-pregnant and pregnant rats (p<0.005) (Figures 2 

to 8 and Table 1). 

Discussion

The findings of the present study demonstrate that expo-

sure to Pb causes significant alterations in mitochondrial 

metabolic and antioxidant enzymes and MDA levels in 

different brain regions of pregnant and non-pregnant rats. 

Further, supplementation of vit-E provided a significant 

protection from Pb-induced oxidative damage in the 

brain. Mitochondria are the major intracellular target site 

for Pb-induced ROS and oxidative damage in the brain 

cells (Ma et al., 2017). Previous studies demonstrated that 

the deleterious effect of Pb on mitochondrial membranes 

is associated with changes in fatty acid composition. 

The damage of the fatty acids alters the function of the 

enzymes (Armstrong, 2006), particularly mitochondrial 

dehydrogenases (Ramanathan et al., 2003). In this study, 

we observed that Pb exposure decreased the mitochon-

drial SDH and ICDH activities whereas the activity 

of G6PDH increased in the cortex, hippocampus and 

cerebellum of pregnant and non-pregnant rats. Similar 

results were observed by Kilikdar et al. (2011) and Jarrar 

et al. (2002) in rats following exposure to Pb. Recently, Ma 

et al. (2017) reported that the addition of Pb into isolated 

liver mitochondria lead to rapid increase in ROS (H2O2) 

formation suggesting that Pb may impair complex III 

resulting in increased leakage of electrons and generat-

ing more ROS, which ultimately lead to impairments in 

enzymes and mitochondrial dysfunction. According to 

Basha et al. (2012), exposure to Pb during development 

decreased heart mitochondrial SDH and ICDH enzyme 

activities and these alterations persist in the later life of 

rats. However, a significant decrease observed in both 

SDH and ICDH activities might also be due to the direct 

interaction of Pb with -SH groups of these enzymes. The 

G6PDH enzyme plays an important role in the regulation 

of sugar metabolism and determines whether glucose 

shall undergo glycolysis or be utilized via the pentose 

phosphate pathway (Stanton, 2012). The results of the 

present investigation have shown an increase in the activ-

ity of G6PDH in different brain regions of Pb exposed 

female rats. The increase in the activity of G6PDH, due 

to Pb intoxication, might indicate an increased demand 

to generate reducing power in the form of NADPH 

(Patra et al., 2011). Gurer and Eracal (2000) reported that 

Pb-induced perturbations in G6PDH activity depend 

on the concentration and duration of Pb exposure, and 

magnitude of oxidative stress inside the cell.

The toxicity of Pb may be mainly due to its high rate of 

free radical production and decrease in free radical scav-

enging enzymes (Sandhir et al., 1994). In the present study, 

we found that exposure to Pb decreased the mitochon-

drial SOD, CAT and GPx, activities with a concomitant 

increase in lipid peroxidation in the cortex, cerebellum 

and hippocampus of pregnant and non-pregnant rats. 

SOD is the most important enzyme involved in the anti-

oxidant defence and responsible for scavenging the super-

oxide ions to yield hydrogen peroxide (H2O2) and oxygen 

(Pushpakiran et al., 2004). Previous studies reported that 

the decreased SOD activity can lead to adverse effects 

since superoxide anions are extremely toxic to lipids, 

proteins and DNA (Dobrakowski et al., 2017; Adanylo 

& Otieza, 1999). Further, it is suggested that Pb-induced 

deficiency in SOD activity may be due to deficiency of 

copper and zinc as Pb competes and replaces copper and 

zinc in their binding sites (Kluska et al., 2018; Prasanthi 

et al., 2010). GPx is selenium containing metalloenzyme 

that needs GSH to decompose hydrogen peroxide with 

the simultaneous oxidation of GSH to GSSG (Sara et al., 

2008). We found Pb-induced significant alteration in GPx 

enzyme activity in the cortex whereas the cerebellum and 

hippocampus showed marginal alterations. Many studies, 

either experimental or clinical, have shown much diver-

gence in the influence of Pb on the activity of GPx. Sandhir 

et al. (1994) observed that the differential decrease in GPx 

activity in different brain regions was due to regional dif-

ferences in accumulation of Pb. Our previous studies also 

Table 1. Pb levels (μg/g) estimated in different brain regions in control, Pb exposed and vit-E supplemented rats.

7th day 30th day

Cortex Hippocampus Cerebellum Cortex Hippocampus Cerebellum 

Non-Pregnant Rats

Control 0.014±0.007 0.020±0.001 0.017±0.008 0.007±0.003 0.016±0.007 0.012±0.005

0.2% Pb 0.36±0.008* 0.19±0.006* 0.21±0.007* 0.28±0.006* 0.14±0.005* 0.18±0.007*

0.2% Pb +Vit-E 0.31±0.004* 0.17±0.003* 0.18±0.004* 0.24±0.003* 0.10±0.003* 0.12±0.002*

Pregnant Rats

Control 0.011±0.005 0.018±0.007 0.013±0.006 0.009±0.0004 0.017±0.0007 0.012±0.005

0.2% Pb 0.29±0.007* 0.17±0.006* 0.18±0.007* 0.19±0.006* 0.12±0.005* 0.14±0.005*

0.2% Pb +Vit-E 0.23±0.003* 0.14±0.002* 0.16±0.003* 0.18±0.003* 0.11±0.003* 0.10±0.003*

The values are mean ± S.D of six separate experiments. Differences between values marked with asterisk (*) within each row are statistically significant at p<0.05 level of 
probability
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showed that Pb exposure significantly decreased the GPx 

activity in cerebellum and hippocampus regions during 

development of rats (Reddy et al., 2014; Basha et al., 2012; 

Prasanthi et al., 2010). Our results clearly showed that 

Pb exposure significantly decreased the CAT activity in 

all selected brain regions of pregnant and non-pregnant 

rats. These antioxidant enzymes are the potential target 

for Pb-toxicity due to the high affinity of Pb for -SH 

group or metal co-factor in these enzymes (Armstrong, 

2006). However, significant decrease in the levels of these 

enzymes following Pb exposure could lead to increased 

susceptibility of the brain tissue to free radical damage. 

Free radical damage in specific regions of the brain 

has been recognized in cases like epilepsy, schizophre-

nia, Parkinson’s or Alzheimer’s diseases (Wrangler & 

Richardson, 1991). The most widely used test for oxidative 

stress is the measurement of MDA, a product of lipid per-

oxidation. In the current study, Pb-exposure significantly 

increased the MDA levels in various brain regions of 

pregnant and non-pregnant rats. Pb is known to promote 

oxidative damage in the brain by enhancing peroxidation 

of membrane lipids (Stohs & Bagchi, 1995), generation 

of ROS and decrease in the activity levels of antioxidant 

enzymes (Prasanthi et al., 2010). Neurons are particularly 

vulnerable to free radical attack since impaired defences 

or exposure to excess free radicals may lead to neuronal 

death (Akitane et al., 1994). Increased lipid peroxidation 

is also responsible for altered membrane fluidity (Viani 

et al., 1991) in the affected tissue. Our results clearly 

showed that an increased MDA level was accompanied 

by a reduction in the activities of SOD, CAT and GPx 

enzymes in various regions of female rats. Pb induced 

damage in the brain appears to be region specific and this 

might be due to either differential accumulation of Pb 

in various regions of the brain or because of differential 

susceptibility of cells to Pb in each region of the brain 

(Zawia et al.,1996). In this study, Pb exposure resulted in 

a significant increase in Pb levels in all the three brain 

regions of both female rat groups. Pb-induced alterations 

were greater in cortex coinciding with higher Pb levels 

observed in the cortex compared to hippocampus and 

cerebellum. From our results it is clear that the altera-

tions observed in the enzyme activities and MDA levels 

were due to regional differences in the accumulation of 

Pb. Further, the non-pregnant rats were found to be more 

sensitive to Pb-induced impairments in mitochondrial 

enzymes than pregnant rats. This could be attributed to 

the fact that in pregnant rats part of Pb was accumulated 

in placenta and transferred to pups whereas in non-

pregnant rats Pb will be retained in the body. Gardella 

(2001) and Bhattachary (1983) also reported that there is 

a strong correlation between maternal and umbilical cord 

blood Pb levels indicating the transfer of Pb from mother 

to foetus. Few other studies also reported that Pb exposed 

pregnant rats transfer the Pb content to foetus and pups 

through placenta and maternal milk (Kelman & Walter, 

1980; Dietrich, 1991; Patriarca et al., 2000) as a result 

Pb-induced effect was more pronounced in non-pregnant 

rats than pregnant rats.

We found that co-administration of vit-E with Pb 

exposure decreased Pb-induced oxidative damage by 

reducing the levels of MDA and restoring the levels of 

metabolic and antioxidant enzymes in different brain 

regions of female rats. Different studies have shown 

that vit-E can remove superoxide anion and other free 

radicals (Traber & Stevens, 2011; Patrick, 2006), which 

might account for the beneficial effects of its supplemen-

tation in Pb-exposed female rats. Moreover, different 

experimental studies showed that vit-E treatments ame-

liorated brain injury induced by exposure to Pb. Sajitha 

et al. (2010) observed that Pb exposure causes significant 

alternations in antioxidant enzymes and increases MDA 

levels in liver and heart of rats. Further, this study also 

suggested that vit-E may be a useful preventive agent 

against the Pb-induced oxidative stress. Al-Attar et al. 

(2011) evaluated the antioxidant and protective effect 

of vit-E on a mixture of heavy metals (Pb, Hg, Cd and 

Cu) induced oxidative stress in male mice and suggested 

that vit-E might be a useful preventive agent against the 

effect of the studied heavy metals due to its antioxidant 

properties. Vit-E was found to be effective in decreas-

ing the Pb-induced oxidative stress and lipid peroxide 

levels in different organs of rats. Interestingly, vitamin 

E supplementation caused no significant reduction in Pb 

concentration in all selected brain regions of pregnant 

and non-pregnant female rats. Similar results were also 

observed in different studies with vit-E supplementation 

against Pb-induced oxidative damage in liver, kidney, 

brain, and blood (Patra et al., 2001; Nascimento & Risso, 

2016). Few other studies reported that supplementation of 

vit-E with chelating agents was very effective in reducing 

metal concentrations in different organs of rats (Flora et 

al., 2012, 2003; Patra et al., 2001). In this study, we found 

vit-E supplementation to be efficient to protect the brain 

from Pb-induced oxidative damage but not effective to 

reduce metal concentration in brain regions of female 

rats. However, the mechanisms of dietary supplementa-

tion of vit-E remain to be further examined in Pb exposed 

humans or animals. 

Conclusion

This study demonstrated that the exposure to Pb has a 

potential to induce significant perturbations in mito-

chondrial oxidative and antioxidant enzymes in both 

pregnant and non-pregnant female rats. Further, this 

study indicated that Pb-induced effect was more pro-

nounced in non-pregnant rats than pregnant rats because 

of transfer of part of Pb from placenta and milk to pups. 

Supplementation of vit- E along with Pb might alleviate 

the brain mitochondrial perturbations from the oxidative 

stress suggesting that adequate vit-E intake may be useful 

in treating the Pb induced brain oxidative stress in female 

rats. However, further studies are required to establish the 

mechanism actions of vit-E as a therapeutic agent against 

the neurotoxic influence of the heavy metal Pb. 
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ABSTRACT
Chlorpyrifos (CPF) is a broad-spectrum organophosphate insecticide and has been reported to cause a number of serious deleterious 
effects on physiological systems. The present study was designed to evaluate the role of quercetin (QC) during CPF induced toxicity in 
blood cells. Female Wistar rats weighing 150–200 g were divided into four different groups viz: Normal Control, CPF treated (13.5 mg/
kg body weight every alternate day), QC treated (50 mg/kg body weight/day) and combined CPF + QC treated. The effects of different 
treatments were studied on various hematological parameters as well as on anti-oxidant defense system. CPF treated animals showed 
a significant decrease in total leukocyte counts (TLC), lymphocyte counts, hemoglobin (Hb) levels and aminolevulinic acid dehydratase 
(ALAD) activity, which however showed appreciable improvement upon simultaneous treatment with QC. Contrarily, neutrophils 
counts were found to be significantly increased, which, however, were decreased upon simultaneous treatment with QC. Further, CPF 
exposure caused a significant increase in the levels of lipid peroxidation (LPO) and protein carbonyl content (PCC) as well as increased 
the activities of super oxide dismutase (SOD) and catalase (CAT) in blood, which were decreased on QC co-treatment. Moreover, CPF 
treatment also caused inhibition of glutathione system in blood but QC co-treatment was able to up-regulate the glutathione system. 
Therefore, the present study, suggests that QC unveils a protective potential in containing CPF induced blood toxicity. 
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various xenobiotics/chemicals (Kolesnikova et al., 2014). 
Few studies have shown that organophosphate insecti-
cides can induce hematological changes in experimental 
animals (Sunmonu & Oloyede, 2010; Enis Yonar et al., 
2012). Earlier findings have suggested that CPF exposure 
to rats can lead to microcytic hypochromic anemia by 
inhibiting the process of erythropoiesis and hame syn-
thesis (Acker et al., 2012; Elsharkawy et al., 2013). Reports 
have also indicated that CPF can alter the activities of 
various enzymes that are associated with anti-oxidant 
defense system as well as apoptotic machinery (Li et al., 
2015; Smida et al., 2017). 

On the other hand, QC is a bio-flavonoid, which is 
abundantly found in fruits, vegetables, tea and wine 
(Haleagrahara et al., 2013). It is one of the most widely 
consumed phytochemicals that exerts protective effects 
against various diseased conditions including cancer, 
diabetes and neurodegeneration (Sharma et al., 2015; 
Yarahmadi et al., 2018). Further, QC exhibits anti-carci-
nogenic (Maurya & Vinayak, 2015; Kashyap et al., 2016) 
anti-inflammatory (Heeba et al., 2014; Liu et al., 2018), 
anti-apoptotic (Yang et al., 2014; Roslan et al., 2017) and 
antiviral properties (Wu et al., 2015; Rojas et al., 2016). 
Reports have revealed that QC has the ability to regulate 

Interdiscip Toxicol. 2020; Vol. 13(1): 39–47. 
doi: 10.2478/intox-2020-0005

Copyright © 2020 SETOX & IEPT CEM SASc.
This is an Open Access article distributed under the terms of the Creative Commons Attri-
bution-NonCommercial-NoDerivatives 4.0 License (https://creativecommons.org/licenses/
by-nc-nd/4.0). 

ORIGINAL ARTICLE

Introduction

A large number of organophosphates are constantly used 
worldwide to inhibit the growth of unwanted weeds and 
pests. Despite the exposure from organophosphates causes 
a number of health hazards, its usage across the globe is 
still high (Hung et al., 2015). CPF is an organophosphate 
that is widely used as an insecticide in agriculture as well 
as in household sectors (Fu et al., 2015). It induces toxicity 
in various organs of reproductive (Nishi & Hundal, 2013), 
cardiac (Zafiropoulos et al., 2014), renal and neurological 
systems (Nasr et al., 2015).

Although there is enough information available on 
detrimental effects of organophosphates on brain, only 
limited evidences of their effects on hematological profile 
are available. Blood profiling has been considered as one 
of the vital parameters for the detection of pathophysi-
ological alterations during stress conditions induced by 
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biological processes such as mitochondrial biogenesis, cell 
growth and cell migration (Miles et al., 2014; Lan etal., 
2017; Qiu et al., 2018). In the light of paucity of informa-
tion on hematological parameters, the present study was 
designed to elucidate the possible protective potential of 
QC during CPF induced blood toxicity in rats.

Material and methods

Chemicals 
CPF was procured from Merck Ltd. (India) and was of 
99.7% purity. QC was purchased from Sigma Pvt. Ltd. 
(USA) with 95% purity. Chemicals trichloroacetic acid, 
urea, thiobarbituric acid, d-aminolevulinic acid, triton 
X-100, cresyl violet, giemsa stain, 2,4-dinitrophenylhy-
drazine, Ehrlich’s solution and nitro blue tetrazolium 
were obtained from Sigma Chemicals Company 
(USA). All other chemicals such as ammonia solution, 
5,5’-dithiobis-(2-nitrobenzoic acid), ethanol, ethyl acetate, 
nitro blue tetrazolium, hydroxylamine hydrochloride 
methanol, tris buffer, sodium arsenite, hydrogen peroxide, 
1-chloro-2,4-dinitrobenzene were procured from Merck, 
(India) whereas sodium chloride, nicotinamide adenine 
dinucleotide phosphate hydrogen, glutathione disulfide 
and dithioerythritol from HiMedia (India).

Experimental design
Healthy female Wistar rats in the weight range of 
150–200 g were obtained from the central animal house 
of Panjab University, Chandigarh, India. The animals 
were housed in polypropylene cages with a hygienic bed 
of husk in a well-ventilated animal room until the end 
of the experimental period. The animals had free access 
to drinking water and standard animal feed (Ashirwad 
Industries, Punjab, India) throughout the treatment 
period. All the procedures related to animals were per-
formed in accordance with the principles and guidelines 
approved by the Institutional Animal Ethics Committee. 

To carry out various investigations, the animals were 
segregated into following four groups with 6 animals in 
each group. The animals in Group 1 served as normal 
control and were given corn oil by gavaging, which was 
used as a vehicle for the treatment of animals in CPF 
group. The animals in Group 2 were administered CPF 
orally every alternate day through intubation gavaging at a 
dose level of 13.5 mg/kg body weight in corn oil (Malhotra 
& Dhawan, 2014). Group 3 animals were given QC daily 
at a dose level of 50 mg/kg body weight in drinking water 
(Jahan et al., 2015). The animals in group 4 were given a 
combined treatment of CPF and QC in a similar manner 
as given to Group 2 and Group 3 animals, respectively. 
The study was carried out for a total duration of 8 weeks. 

Collection of blood samples
for the purpose of studying various hematological param-
eters, the blood samples were drawn after 8 weeks from 
all the animals belonging to different treatment groups. 
The samples were collected under light diethyl ether 

anesthesia by puncturing the ocular vein with a fine ster-
ilized glass capillary. The blood samples were collected 
into the heparinized tubes and the supernatants were 
used as erythrocyte lysates.

Preparation of erythrocyte lysates
erythrocyte lysates were prepared by following the method 
of Ceballos-Picot et al. (1992). Lysates were obtained from 
the blood samples by centrifugation at 2500  rpm for 10 
minutes (min) at room temperature. After centrifugation, 
both the plasma and buffy coats were removed. Later, 
the erythrocytes were washed twice with normal saline 
followed by removal of the supernatants. Further, water 
was added to the pellets (thrice its volume), which stored 
at −80 °C until use for future experiments. Lysed erythro-
cytes were prepared by freezing and thawing (two times) 
and cell membranes were removed by centrifugation at 
3000  rpm for 20 min. 

Hematological parameters
Hemoglobin estimation
Hb contents were estimated by following oxyhemoglobin 
method of Dacie & Lewis (1991). Fresh and non-clotted 
blood samples diluted in 0.004% ammonia solution 
(freshly prepared) and the optical densities were measured 
at 540 nm and Hb contents were expressed in g %.
Total Leukocytes Counts
TLC in blood samples were recorded by using the method 
of Dacie & Lewis (1991). Fresh blood samples were mixed 
with Turk’s fluid to dilute the blood in the ratio 1:20 
(v/v). A drop of diluted blood was immediately poured on 
Neubaur’s chamber, which then was covered with a glass 
cover slip. Finally, the WBCs’ were counted in the four-
corner square of Neubaur’s chamber.
Differential leucocytes counts (DLC)
DLC were recorded according to the method of Dacie & 
Lewis (1969). The blood samples were drawn from the ani-
mals of all the treatment groups by puncturing the ocular 
vein with a sterilized glass capillary and a drop blood was 
placed on a clean microscope glass slide, which was later 
spread by using another slide. The slides were air dried 
and fixed in methanol for 5–10 min. The smeared slides 
were stained for 30 min with giemsa stain (diluted 1:10). 
After staining, the excess stain was removed by running 
tap water followed by air-drying. Differential leucocytes 
were counted by using an oil immersion lens. Hundred 
consecutive stained white blood cells were counted start-
ing from one direction to the other in random fashion 
and in all the possible planes. This process was repeated 
in all stained slides and percentage of neutrophils and 
lymphocytes were calculated.
Aminolevulinic acid dehydratase
ALAD activity was measured according to the method of 
Burch & Siegel (1971). In this method, incubation mixture 
was prepared by adding blood sample with triton X-100 
reagent. Further, d-aminolevulinic acid (ALA) substrate 
was added to it and mixed with trichloroacetic acid (TCA). 
After incubation at 37 °C again, TCA reagent was added. 
The tubes were again centrifuged and clear supernatant 
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fluid was removed. Further, to aliquots, modified Ehrlich’s 
reagent was added and absorbance was read at 555 nm. 
Lipid peroxidation
LPO was determined by following the method of Wills 
(1966). The supernatants were added to thiobarbituric acid 
(TBA) and the color was developed by boiling at 100 °C for 
10 min. The samples were cooled and absorbance was read 
at 532 nm. The amount of malondialdehyde (MDA) formed 
was calculated on the basis of molar extinction coefficient 
of MDA-TBA chromophore (1.56×105  m−1cm−1) and 
the results were expressed as nmoles of MDA/min/mg 
protein. 
Protein carbonyl content
PCC was estimated by following the method of Levine 
et al. (1994). Blood lysates were added with 2,4-dinitro-
phenylhydrazine (DNPH) prior to incubation at room 
temperature for 1h in the dark. Further, 20% TCA was 
added and the solution was allowed to rest for 15 min at 
4 °C. The precipitates were centrifuged at 11,000×g for 
5 min. The bud was washed thrice with ethanol: ethyl 
acetate (1:1) and finally dissolved in 6 mol/l urea. Further, 
the reaction mixture was incubated at 37 °C for 30 min 
and the absorbance was read at 366 nm. The results were 
expressed as nmoles of reactive carbonyls formed (C=O) 
/mg protein, using the molar extinction coefficient of 
21,000 mol/l cm−1.
Superoxide dismutase
SOD activity was estimated according to the method of 
Kono (1978). The reaction mixture contained sodium car-
bonate, nitro blue tetrazolium (NBT), Triton X-100 and 
hydroxylamine hydrochloride. The rate of NBT reduction 
in the absence of the enzyme source was recorded for 
about 3 min with 30 seconds (sec) intervals. The reaction 
was followed at 560 nm against a reference containing 
sodium carbonate. The percentage inhibition in the rate 
of NBT reduction by enzyme SOD was recorded and 
one international unit enzyme was expressed as inverse 
of the amount of protein (mg) required in inhibiting the 
reduction rate of NBT by 50%. The activity of enzyme 
was expressed as international unit/ mg protein, where 
one unit of enzyme is defined as the amount of enzyme 
inhibiting the rate of reaction by 50%.
Catalase
CAT activity was determined by using the method of 
Luck (1971). In this method, 0.5 absorbance was mea-
sured by using H2O2 and phosphate buffer and later RBC 
lysates were added to it. The decrease in absorbance at 
240 nm was read on spectrophotometer after every 15 sec 
for 3 min against a reference solution lacking hydrogen 
peroxide. The amount of hydrogen peroxide decomposed 
was calculated on the basis of molar extinction coefficient 
of H2O2 which is 0.0394 mol/l−1 cm−1 and the activity of 
enzyme was expressed as μmoles hydrogen peroxide 
decomposed/min/mg protein.
Glutathione-S-transferase (GST)
The activity of GST was estimated according to the 
method of Habig et al. (1974). The samples were mixed 
with reaction mixture consisting of sodium phosphate 
buffer and 1-chloro-2,4-dinitrobenzene (CDNB). The 

reaction was initiated by the addition of 0.05 ml of GSH 
to reaction mixture and absorbance was read at 340 nm 
after 30 sec of time interval. The enzyme activity was 
expressed as μmoles of GSH-CDNB conjugate formed/
min/mg protein, using molar extinction coefficient of the 
conjugate (ε= 9.6×106 mol/l−1 cm−1).
Reduced glutathione (GSH)
GSH was estimated by following the method of Moron 
et al. (1979). 25% TCA was added to the sample and the 
contents were thoroughly mixed. Further, the precipitated 
proteins were separated by centrifugation at 2000 g for 
about 15 min. The supernatant was diluted with 2.0 mol/l 
sodium phosphate buffer (pH 8.0). Finally, freshly pre-
pared 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) of 
10 mmol/l was added to each sample and absorbance was 
read at 412 nm. The glutathione contents were expressed 
as µmoles of glutathione/g tissue.
Glutathione reductase (GR)
The assay of GR activity was performed according to the 
method described by Carlberg & Mannervirk (1985). To 
cuvette, phosphate buffer, nicotinamide adenine dinucleo-
tide phosphate hydrogen (NADPH) and glutathione disul-
fide (GSSG) were added. The reaction was initiated by 
the addition of sample to the cuvette and the decrease in 
absorbance at 340 nm was followed for 2 min. A unit of GR 
activity is defined as the amount of enzyme that catalyses 
the oxidation of 1 nm of NADPH /min/mg protein using 
6.22×103 as the molar absorption of NADPH.
Total glutathione content (TG)
The TG content was measured by following the method 
of Zahler & Cleland (1968). The disulfide in the sample 
was mixed with dithioerythritol and the reduction was 
allowed to proceed for 20 min. After reduction, tris buffer, 
sodium arsenite and water were added. DTNB prepared in 
sodium acetate was then added and the absorbance was 
recorded for 3 min. The TG contents were expressed in 
terms of μmoles of GSH/mg tissue.

Statistical analysis
The statistical significance of the data was determined by 
using one-way analysis of variance (ANOVA) and a pos 
hoc test. The results were expressed as mean ± S.D of 6 
observations. The comparisons were made as follows: 
ap≤0.05, bp≤0.01, cp≤0.001 by post hoc analysis when 
values are compared with the normal control. xp≤0.05, 
yp≤0.01, zp≤0.001 by post hoc analysis when values are 
compared with CPF treated group.

Results

Hematological findings
The levels of Hb, TLC and lymphocytes were found to be 
decreased following CPF treatment; however, they were 
increased following QC co-supplementation (Figure 1 and 
Figure 2). On the contrary, neutrophils counts were found 
to be elevated in CPF treated animals when compared 
to the normal control animals. No significant changes 
were observed in differential leucocytes counts following 
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QC treatment to normal animals. However, neutrophils 
count showed an appreciable decrease following QC 
co-treatment. No significant changes were found in the 
number of monocytes and eosinophils in any of the treat-
ment groups. On the contrary, ALAD activity was found 
to be significantly inhibited in the animals treated with 
CPF when compared to the normal controls; however, it 
was increased significantly following QC co-treatment 
(Figure 3).

Lipid peroxidation and protein carbonyl content
The MDA as well as PCC levels were found to be 
increased in erythrocyte lysates of CPF treated animals 

when compared to normal control group. No significant 
changes were observed in the levels of MDA and PCC of 
animals treated with QC alone. However, QC co-admin-
istration to CPF treated animals was able to decrease both 
the elevated lipid peroxidation and PCC levels (Figure 4 
and Figure 5).

Superoxide dismutase and catalase
The enzyme activities of SOD and CAT were found to be 
increased in erythrocyte lysates following CPF treatment; 
however, they were found to be significantly decreased 
upon QC supplementation (Figure 6 and Figure 7). 
Moreover, no significant changes were observed in the 
activities of SOD and CAT when QC alone was given to 
animals. 

Glutathione system 
The enzyme activities of GST and GR as well the levels of 
GSH and TG were observed to be decreased in erythro-
cyte lysates of CPF intoxicated group animals. However, 
simultaneous QC supplementation to CPF treated rats 
was able to increase the declined levels of GSH and TG as 
well as enzyme activities of glutathione system (Figure 8, 
Figure 9, Figure 10 and Figure 11).

Discussion

The present study was designed to evaluate the effects of 
CPF intoxication on anti-oxidant defense system in red 
blood cells and the protection provided by QC, if any, 
upon its supplementation. Here we demonstrate that CPF 
treatment of animals for 8 weeks resulted in significant 
alterations in various hematological indices; however, they 
were found to be modulated upon QC co-administration 
to CPF treated animals.
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Figure 1. Effect of QC on Hb and TLC in erythrocytes of CPF intoxicated 
rats. All the values are represented as mean ±SD for each treatment 
group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 by 
post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.
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Figure 2. Effect of QC on DLC in erythrocytes of CPF intoxicated rats. All the values are represented as mean ±SD for each treatment group; n=6 
for each treatment group. ap≤0.05, bp≤0.01, cp≤0.001 by post-hoc analysis when values are compared with normal control; xp≤0.05, yp≤0.01, 
zp≤0.001 by post-hoc analysis when values are compared with chlorpyrifos treated group.
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In the present study, a significant decrease in Hb con-
tent was observed after 8 weeks of CPF treatment, which 
indicates CPF induced hematotoxicty in rats. Earlier 
studies have shown similar effects on Hb content in 
animals after CPF treatment (Akhtar et al., 2009; Pala et 
al., 2018). However, QC supplementation along with CPF 
treatment proved to be beneficial as it was able to increase 
the declined levels of Hb as compared to CPF treated 
group. QC has earlier been demonstrated to prevent the 

oxidation of hemoglobin molecule during oxidative stress 
and hence it has also prevented the CPF induced Hb oxi-
dation in the current study (Krukoski et al., 2009).

TLC and DLC were also found to be altered in CPF 
intoxicated animals that suggest severe disturbance in 
the immune system. TLC and DLC were found to be 
decreased after CPF exposure, which presumably is due 
to their decreased production from the germinal center 
of lymphoid organs or their increased lysis via chlorinated 
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Figure 3. Effect of QC on ALAD levels in erythrocytes of CPF intoxi-
cated rats. All the values are represented as mean ±SD for each treat-
ment group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 
by post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.
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Figure 4. Effect of QC on LPO levels in erythrocytes of CPF intoxicated 
rats. All the values are represented as mean ±SD for each treatment 
group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 by 
post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.
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Figure 5. Effect of QC on PCC levels in erythrocytes of CPF intoxicated 
rats. All the values are represented as mean ±SD for each treatment 
group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 by 
post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.

Normal control

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0

CPF QC CPF+QC

In
te

rn
at

io
na

l u
ni

ts

c

ay

Figure 6. Effect of QC on SOD activity in erythrocytes of CPF intoxi-
cated rats. All the values are represented as mean ±SD for each treat-
ment group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 
by post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.
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compounds present in the body (Goel et al., 2006). On 
the contrary, CPF exposure caused a significant elevation 
in the neutrophils counts suggesting neutrophilia. The 
increase in neutrophils number indicates the activation 
of the primary defense system of the body, which caused 
an increased leukocyte mobilization as a consequence 
of CPF induced cytotoxicity and thus led to decreased 
leukocytes counts. QC administration to CPF treated ani-
mals significantly improved the TLC and also attenuated 

the disturbed DLC indices of the rats, which attributes 
to the immunomodulatory property of QC (Benkovic et 
al., 2009). 

During the present study, ALAD activity was also 
found to be significantly reduced in the CPF treated group 
when compared to normal control group. Earlier reports 
have also shown that decrease in heme synthesis and Hb 
content in the body can lead to altered ALAD activity 
(Alhawaj et al., 2015; Olakkaran et al., 2018). Further, QC 
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Figure 7. Effect of QC on CAT activity in erythrocytes of CPF intoxi-
cated rats. All the values are represented as mean ±SD for each treat-
ment group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 
by post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.

Normal control

0.30

0.25

0.20

0.15

0.10

0.05

0

CPF QC CPF+QC

μm
ol

/l 
G

SH
-C

D
N

B 
fo

rm
ed

/m
in

/m
g 

pr
ot

ei
n

c

bx

Figure 8. Effect of QC on GST activity in erythrocytes of CPF intoxi-
cated rats. All the values are represented as mean ±SD for each treat-
ment group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 
by post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.
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Figure 9. Effect of QC on GSH levels in erythrocytes of CPF intoxicated 
rats. All the values are represented as mean ±SD for each treatment 
group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 by 
post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.
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Figure 10. Effect of QC on GR levels in erythrocytes of CPF intoxicated 
rats. All the values are represented as mean ±SD for each treatment 
group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 by 
post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.



45
Full-text also available online on PubMed Central

Interdiscip Toxicol. 2020; Vol. 13(1): 39–47

Copyright © 2020 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.

co-supplementation to CPF treated animals was able to 
elevate the declined ALAD activity, which could be a con-
sequence of improved Hb levels and thereby upregulated 
the declined ALAD activity. Studies have also revealed 
the potential of QC in regulating various hematological 
parameters that get altered during chemically induced 
oxidative stress conditions (Mishra & Flora, 2008; Bhatt 
& Flora, 2009). 

In the current study, CPF treatment also caused a 
marked increase in MDA levels in erythrocyte lysates, 
which indicates enhanced lipid peroxidation. CPF expo-
sure resulted in oxidative degradation of polyunsaturated 
fatty acids and thereby generated a large number of free 
radicals, which eventually are responsible for causing 
alterations in the membrane structure and function. 
Increased LPO and erythrocyte fragility have also been 
observed by various researchers after CPF exposure 
to animals (Ambali et al., 2010; Nishi & Hundal, 2013). 
Further, PCC content was also found to be elevated in 
blood of CPF treated animals, which suggests the oxida-
tion of proteins. This elevation is due to CPF induced 
increase in production of free radicals in the body, which 
led to alteration in the activities of various cellular pro-
teins that are important for retaining the structural and 
functional integrity of erythrocytes’ membranes (Ambali 
et al., 2010). These findings clearly depict that CPF treat-
ment led to oxidation of both the lipids as well as proteins 
and thus is responsible for oxidative injury in RBCs via 
free radicals. However, QC administration to CPF treated 
animals decreased the previously raised levels of MDA 
and PCC, which attribute to the scavenging activity of 
QC. Thus, QC appears to have attenuated the free radical 
generation process and has prevented the oxidation of 
membrane lipids as well as proteins. Some authors have 

shown similar behavior of QC during chemically induced 
oxidative stress in different organs (Selvakumar et al., 
2012; Periasamy et al., 2016). 

Further, CPF treatment for 8 weeks resulted in 
increased activities of SOD and CAT that demonstrate 
the physiological response of the animals in mitigating 
the free radicals, induced oxidative stress. SOD catalyzes 
the conversion of superoxide radicals to hydrogen perox-
ide, whereas CAT converts hydrogen peroxide into water 
molecules. CPF exposure understandably has generated 
a considerable number of free radicals and in order to 
thwart the toxicity induced by free these radicals, the body 
has stimulated the activities of SOD and CAT. Previous 
studies have also revealed that CPF exposure is associated 
with the elevation of SOD and CAT activities (Kalender et 
al., 2012; Kumar et al., 2014). However, QC co-treatment 
to CPF treated animals was able to decrease the SOD and 
CAT activities. This ameliorative effect is understandably 
due to free radical scavenging activity of QC, which led to 
reduction in the load of free radicals in the cellular system 
and eventually has normalized the activities of antioxi-
dants. It has been shown that QC due to its high diffusion 
capacity into the membranes has been considered as a 
strong scavenger of free radicals (Kalender et al., 2012; 
Mohammadi et al., 2014; Calabro et al., 20CPF intoxica-
tion for 8 weeks suppressed the glutathione system of the 
body, as the activities of GSH, TG, GR and GST were found 
to be decreased in the erythrocyte lysates. The reduced 
activities are the consequence of oxidative modifications 
of proteins, which led to the decreased antioxidant versus 
oxidant ratio. These findings suggest that in order to 
detoxify CPF induced free radicals, a substantial amount 
of glutathione would have been consumed by the gluta-
thione-related enzymes. Further, elevated LPO levels are 
also concomitant with our depleted GSH findings, which 
clearly reflect the moderating effect of GSH towards LPO 
induced free peroxides. Moreover, declined TG levels and 
GR activity also support the combating effect to contain 
reactive oxygen species induced by CPF exposure. Further, 
declined GST activity can be attributed to oxidation of SH 
sites or its high participation in the detoxification of CPF 
induced reactive species via conjugating with glutathione, 
which eventually decreased the GST content in the cel-
lular system. Recently, some reports have also revealed a 
similar depletion of glutathione system in different organs 
after CPF exposure (Mosbah et al., 2016; Nasr et al., 2016). 
QC co-administration to CPF treated animals was able to 
ameliorate the altered glutathione system and that can be 
attributed to its free radical quencher capacity. The results 
of the present study therefore clearly demonstrate that 
QC treatment could up-regulate the declined glutathione 
system by reducing the free radical burden in the cell and 
thereby enhanced the antioxidant potential of the cell. 

Conclusion

The present study suggests that QC mitigates CPF 
induced hematological alterations and therefore could be 
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Figure 11. Effect of QC on TG levels in erythrocytes of CPF intoxicated 
rats. All the values are represented as mean ±SD for each treatment 
group; n=6 for each treatment group. ap≤0.05 bp≤0.01, cp≤0.001 by 
post-hoc analysis when values are compared with normal control; 
xp≤0.05, yp≤0.01, zp≤0.001 by post-hoc analysis when values are com-
pared with chlorpyrifos treated group.
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considered as a potential candidate for alleviating CPF 
induced toxicity in blood. 
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