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Metal borides and carbides, TiB2/TiC and ZrB2/ZrC are widely used nanostructured composite materials. A detailed thermodynamic 
analysis was performed to determine the formation conditions of titanium and zirconium borides and carbides in the Ti–B–O–C and Zr–B–
O–C systems. The complete thermodynamic analysis was carried out in vacuum for the  reactions 2TiO2 + B2O3 + 8C = TiB2 + TiC + 7CO 
and 2ZrO2 + B2O3 + 8C = ZrB2 + ZrC + 7СО. On the basis of the theoretically found results, experimental synthetic routes were developed 
to prepare TiB2/TiC and ZrB2/ZrC composite materials.  
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INTRODUCTION 

The nanostructured composite materials, including metal 
borides and carbides containing ones like TiB2/TiC and 
ZrB2/ZrChave a unique set of physical and chemical 
properties (high hardness, heat resistance, high-temperature 
strength, electrical and thermal conductivities, and 
resistance to the molten metals in combination with low 
specific weight, corrosion-, radiation- and wear-resistance). 

There are some known methods to obtain of these 
composites,1–7 but a complete thermodynamical analysis8 of 
the system to optimize their synthesis conditions have not 
been performed yet. In this work, the comprehensive 
thermodynamical analysis has been conducted to find 
optimal conditions for preparation of carbides and borides of 
zirconium and titanium. 

EXPERIMENTALS 

Computer calculations were carried out with the ASTRA–
4 program described in [8]in the temperature range 500–
2000K with the step of 50K for vacuum conditions. The 
mixture of ZrB2–ZrC was prepared by mixing the 
powders of ZrO2, B2O3 and C followed by 30h 
grinding in a high power (1000rpm) mill. The mill was 
a piece of special equipment designed and built in our 
laboratory. After briquetting, the obtained powder was 
sintered in a high vacuum oven under an argon 
atmosphere at ∼1400°C for 5 h. 

 

RESULTS AND DISCUSSION 

System Ti–B–O–C 

The thermodynamical analysis of Ti–B–O–C system in 
vacuum is carried out for the reaction: 

2TiO2+B2O3+8C=TiB2+TiC+7CO   (1) 

The following species were considered as possible 
condensed and gaseous components: C, Ti, TiO, Ti2O3, TiO2, 
Ti3O5, Ti4O7, TiC, TiCO0.04, TiC0.10O, TiC0.40O0.60, 
TiC0.75O0.25, B, B2O3, B4C, TiB, TiB2, and Ar, O, O2, O3, C, 
C2, C3, C4, C5, CO, CO2, C2O, C3O2, Ti, TiO, TiO2, B, B2, 
BO, BO2, B2O, B2O2, B2O3and TiB,.  

 

 

 

 

 

 

 

Figure 1. Dependence of components content on temperature for 
reaction (1) in vacuum (0.0001 atm) in temperature interval 700–
1600 K. 

The knowledge of reliable thermodynamic data of the 
reactive system components is necessary. Since some 
thermodynamic   characteristics (∆H298,  Tm.,  ∆Hm.,  Cp,  and 
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Cp(L)) of the abovementioned oxycarbides cannot be 
obtained from the literature, the corresponding 
thermodynamic constants of oxycarbides were calculated.9  

The main results of the thermodynamic calculations for 
the Ti–B–O–C system are presented in Figure 1. It is evident 
that the reduction of TiO2 begins above 900 K, and Ti2O3, 
Ti3O5 and Ti4O7 are allocated in the condensed phase. Their 
amounts increase to ∼1000 K, but raising the temperature 
their amount started to decrease, and at∼1100 K all of the 
titanium oxides disappear entirely. It appears some amount 
of condensed carbon and simultaneous allocation of CO in 
the gas phase begin at temperatures higher than 900K. At 
∼1200 K, the condensed carbon disappears and the amount 
of CO reaches its maximum which does not change further. 
At ∼1000 K appears the allocation of TiC which amount 
sharply increases to ∼1100 K and reaches its maximum (∼29 
wt. %). Increasing the temperature, its amount decreases to 
∼1200 K and its amount (∼18 wt.%) does not change until 
1600 K.  

The thermodynamic analysis showed that the experiments 
have to be conducted in vacuum at temperatures higher than 
1200K to obtain the requested TiB2–TiC mixtures. 

The system Zr–B–O–C 

The detailed thermodynamic analysis of the Zr–B–O–C 
system in vacuum was carried out for the reaction: 

2ZrO2+B2O3+8C=ZrB2+ZrC+7CO.   (2) 

As possible condensed and gaseous components the 
following ones were considered: C, B, B2O3, B4C, Zr, ZrO2, 
ZrC, ZrB2, and Ar, O, O2, O3, B, B2, BO, BO2, B2O, B2O3, C, 
C2, C3, C4, C5, CO, CO2, C2O, C3O2, Zr, Zr2, ZrO, ZrO2, 
respectively. 

 

 

 

 

 

 

 

 

Figure 2. Dependence of components content on temperature for 
reaction (2) in vacuum (0.0001 atm) in temperature interval 1100–
1500 K. 

The results of the thermodynamical analysis performed on 
the Zr–B–O–C system are presented in Figure 2. A 
reduction process occurs above ∼1100 K with the formation 
of zirconium diboride ZrB2. Its amount increases up to 
∼1250K where reaches its maximum (∼27 wt.%) and above 
this temperature does not change further. The amounts of 
condensed B2O3 and ZrO2 were sharply decreased 

above∼1100 K and completely disappeared at ∼1250 and 
∼1350 K, respectively.  

The condensed carbon amount smoothly changes around 
∼1100 K, but above this temperature its amount sharply 
decreases and completely disappears at ∼1350 K.The 
condensed zirconium carbide ZrC is allocated above 1300 K, 
its amount drastically increases up to ∼1350K reaching 25 
wt.%, but above this temperature there are no further 
changes in its amount. Thermodynamic analysis of reaction 
2 showed that the experiments should do above 1350 K.in 
vacuum  to obtain the expected ZrB2 and ZrC,  

RESULTS 

Based on the results of thermodynamic calculations, some 
tests have been done to prepare TiB2–TiC mixtures from the 
mixture of TiO2 and B2O3 with C (graphite) or with ZrO2-
B2O3/graphite mixtures in a high-temperature furnace in the 
argon atmosphere at ∼1400°C for 3h.The X-ray diffraction 
patterns of the prepared powder are given in Figure 3.  

 

 

 

 

 

 

 

Figure 3. The X-ray diffraction pattern of a mixture of TiB2 and 
TiC prepared from TiO2-B2O3/graphite mixture at 1400 °C in 3 h 

As can be seen, the product is ca. 1:1 mixture of TiB2 and 
TiC. 

 

 

 

 

 

Figure 4. The x-ray diffraction pattern of a mixture of ZrB2 and 
ZrC prepared from ZrO2-B2O3/graphite mixture at 1400 °C in 3 h 
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Understanding the mechanism of corrosion of steel in acidic environments along with the accompanying quest for corrosion inhibitors that 
are nontoxic to the environment is of significant industrial concern. This work sets to investigate the corrosion of mild steel in 1.0 M 
solution of HCl in the presence of Euphobia tirucalli gums (ET) using weight loss and linear polarization measurements. The study was 
carried out within the inhibitor concentration range of 0.2-1.0 g L-1 and at the temperature range of 303 - 333 K. From the results obtained, 
it was observed that ET gums inhibited the dissolution of mild steel in the acid medium. Thermodynamic parameters obtained from the 
studies revealed the corrosion inhibition process to be spontaneous, exothermic and physisorptive. The adsorption of ET gums on the steel 
surface aligned well with the Langmuir, Freundlich and Temkin isotherm models. Linear polarization results revealed that ET functioned as 
a mixed-type inhibitor by inhibiting both the cathodic and anodic reactions on the mild steel surface. 
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Introduction 

Corrosion is the process through which metals/alloy 
deteriorates. The presence of moisture, acids, bases, salts, 
aggressive metal polishes and electrolytes generally would 
lead to the deterioration of most metals/alloys. According to 
Ahmad and Roberge,1,2 the tendency of a metal/alloy to 
corrode to a large extent is a function of the type of 
metal/alloy and the aqueous medium.  

Mild steel is known for its widespread industrial 
applications due to its structural and mechanical properties. 
It is, however, susceptible to corrosion when it gets in 
contact with electrolytes resulting in a relatively short life 
span.1,2 Corrosion of steel structures and pipes result in 
significant losses of products in industries, environmental 
pollution and ecological disasters which have attracted much 
attention and investigations.3,4 

A substance is said to be a corrosion inhibitor when on its 
addition to a corrosive environment, it either slows down or 
prevents corrosion. These substances can function by 
adsorbing both physically and chemically at the 
metal/solution interface thereby serving as a barrier between 
the metal and the corrosive species in the environment.5-7 
Peter et al. and Ramyan et al.,7,8 described corrosion 
inhibitors as usually possess heteroatoms such as oxygen, 
nitrogen and sulfur that have hydrocarbon parts that are 
typically attached to or part of a polar group, an aromatic 
ring or a conjugated system. 

Many inorganic and organic compounds have been used 
and are still being employed in mitigating corrosion of 
metals and alloys. However, most of these compounds are 
expensive coupled with the fact that they pose health and 

environmental challenges hence the quest for cheap and 
environmentally friendly inhibitors as substitutes.5,7,8 

Plant gums have been reported as good corrosion 
inhibitors against the dissolution of steel in acidic 
environments.9-14 Umoren has investigated the inhibitive 
effects of plant gum exudates from Raphiahookeri (RH) 
against the corrosion of mild steel in H2SO4and Ebenso.9 
The results obtained revealed that RH acted as a suitable 
corrosion inhibitor for the corrosion of mild steel in 
sulphuric acid medium. Abdallah10 investigated the potential 
of Guar gum (GG) as a corrosion inhibitor for carbon steel 
in 1.0 MH2SO4 solution using weight loss and Tafel 
polarization techniques. The results showed that GG 
inhibited the corrosion of carbon steel in the acid medium 
and acted as a mixed type inhibitor. In other studies, other 
gums such as Gum arabic (GA), Albizia zygia (AZ), 
Anogessus leiocarpus(Al) and Ficus platphylla (FP) have 
also been reported to be good corrosion inhibitors.11-14 

The results of phytochemical and pharmacological studies 
carried out by Prabha et al., and Prashant and Shital on 
Euphobia tirucalli (ET) gum exudates showed that the gum 
exudates contain triterpenes, diterpene esters, steroids, 
alkaloids, flavonoids, tannins, phenols, anthraquinones and 
cardiac glycosides15,16 which are sources of heteroatoms. 

This study sets to investigate the kinetics and 
thermodynamics of the dissolution of mild steel in 1.0 M 
solution of HCl in the absence and presence of 
Euphobiatirucalli gums using weight loss and linear 
polarization measurements. 

Experimentals 

Mild steel coupons of dimension 3x2 cm2 and percentage 
composition: Si-0.03 %, P-0.04 %, S-0.04 %, Mn- 0.60 % 
and the rest Fe, were used for this study. Analar grade 
reagents were used for the study. 
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Purification of Euphobia tirucalli gum. 

The procedure adopted for the purification of gum has 
been reported elsewhere by Femi et. al., and other 
researchers.17,18 The gums were oven dried at 40 °C for two 
hours after which they were pulverized with a blender and 
hydrated in chloroform water of double strength for five 
days with intermittent stirring such that all the gums 
particles dissolve completely. A 75 μm sieve was used to 
strain the hydrated gums to obtain a pure slurry which was 
allowed to sediment. Absolute ethanol was used to 
precipitate the gum sediment from the slurry which was later 
filtered and defatted using diethyl ether. The precipitate was 
dried again by placing it in an oven at the temperature of 
40 °C for 48 hours, after which the dried flakes were 
pulverized using a blender. The pulverized gums were kept 
in a dry and air tight container. Inhibitor test solutions (0.2, 
0.4, 0.6, 0.8 and 1.0 g L-1concentrations)19 were prepared by 
dissolving appropriate quantities (0.05 g - 0.25 g) of the 
gum exudates in 250 mL of 1.0 M HCl solution. 

Weight loss measurement 

Mild steel coupons were cleaned, weighed and immersed 
in 250 mL test solutions in the absence and presence of ET 
gum exudates (0.2, 0.4, 0.6, 0.8and 1.0g L-1) as reported in 
previous studies.19,20 They were removed at specified time 
intervals, washed in water, cleaned with ethanol, dried with 
acetone and reweighed. The average loss in weight was 
taken as the difference between the initial and final weights 
of the mild steel (in duplicates). 

The corrosion rate of mild steel as a function of time was 
investigated by carrying out the experiment for 24 – 168 
hours. This was done in the absence and presence of ET 
exudates. Temperature studies were done in a similar 
manner for three hours with the water bath maintained at 
303- 333 K. 

By carrying out the necessary substitutions in equations 1 
to 3, weight loss data were used to evaluate the weight loss 
(g h-1), corrosion rate (g h-1 cm-2), inhibition efficiency (% 
IE) and the degree of surface coverage (θ). 

 

          (1) 

 

          (2) 

 

          (3) 

 

where ΔW = W2 - W1 is the weight loss of mild steel after 
time, t, W1 and W2 are the weight loss (g) of mild steel with 
and without the inhibitor, respectively, θ is the extent of 
surface coverage of the inhibitor, A is the area of the metal 
coupon (in cm2) and t is the immersion period (in hours).6 

Linear polarization measurements 

The coupons of 3 x 2 cm2 dimension were sealed with 
epoxy resin in such a way that only 1 cm2 was left exposed. 
A three-electrode system consisting of mild steel as working 
electrode, platinum (Pt) as an auxiliary electrode and 
saturated calomel electrode (SCE) as a reference electrode 
was used. Linear polarization studies were carried out using 
Metrohm Autolab AUT50280 in the potential range of -
1500 to 1500 mV with a scan rate of 0.012 V s-1 at room 
temperature. 

The linear Tafel segments of the anodic and cathodic 
curves were extrapolated to corrosion potential to obtain the 
corrosion current densities (Icorr). The % IE was obtained 
from the equation below: 

 

        (4) 

 

where Icorr(blank) is the corrosion current density of MS in the 
free acid solution andIcorr(inh) is the corrosion current density 
of MS in the inhibited acid solution.7 

Optical microscopy 

The morphologies of the surface of the polished mild steel 
coupons before immersion in the test solutions and after 
immersion in the test solutions were investigated using a 
metallurgical microscope (Tsview digital metallurgical 
microscope, model: Tucsen 0923502). 

Results and discussion 

The corrosion rate of mild steel and inhibition efficiency of ET 
gums 

Figure 1 showed the rate of corrosion of mild steel in the 
free acid and inhibited 1.0 M HCl solution as a function of 
immersion time. It can be observed from the plot in Figure 1 
that the rate of corrosion of the steel decreased with 
immersion time and as the concentrations of ET gums 
increased. 

Figure 2 illustrates the trend of inhibition efficiency (% 
IE) of various concentrations of ET gums with immersion 
time. Inhibition efficiency of the gums increased as the 
concentrations of ET gums increased with % IE > 98 up to 
the immersion time of 96 h before decreasing. 

This trend may be due to the desorption of the constituents 
of ET gums from the surface of the steel over a prolonged 
exposure resulting in the inhibition efficiency been lowered 
as observed in the plots.  

Olasehinde et al., and Momoh-Yahaya et al.20,21 in 
previous studies reported the decrease in inhibition 
efficiency of Nicotiana tabacum extracts and adenine 
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molecules in acidic environments at more extended 
immersion periods. 

 

 

 

 

 

 

 

 

 

Figure 1. The corrosion rate of mild steel as a function of time in 
the absence and presence of ET gums  

In both studies, the desorption of the constituents of 
Nicotiana tabacum extracts and adenine molecules from the 
surface of the mild steel was attributable to the decrease in 
inhibition efficiency observed. 

 

 

 

 

 

 

 

Figure 2. Inhibition efficiency of ET gums as a function of time 
(h). 

Temperature considerations 

Figure 3 showed the trend in the rate of corrosion of mild 
steel in uninhibited and inhibited 1.0 M solution of HCl at 
303 - 333 K. The plots reveal that the rates of corrosion of 
mild steel increased generally at higher temperature values 
both in the free acid solution and in the presence of ET 
gums. Thermodynamically, the average kinetic energy of 
reacting species in a system is a function of the temperature. 
Reacting species become more energetic with a rise in 
temperature, this explains the increased rates of dissolution 
and corrosion rates of the mild steel in both the uninhibited 
and inhibited test solutions at higher temperatures. Other 
researchers corroborate this observation.20-23 However, the 
rate of corrosion of mild steel was relatively lower in the 
inhibited test solutions compared with the uninhibited acid 
solution. This signifies the inhibitive effect of ET gums on 
the acid corrosion of mild steel.  

The plot of the inhibition efficiency of ET gums as a 
function of temperature (303-333 K) is presented in Figure 
4. The plot shows a decrease in inhibition efficiency of ET 
gums as the temperature of the system was increased. This 
could be attributed to the agitation of adsorbed ET gums and 
consequent desorption of ET gums from the mild steel 
surface as temperature increased.20-22 The lowering of 
inhibition efficiency values with increasing temperature is 
associated with a physisorptive mechanism of adsorption as 
reported in other works.20-24 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The corrosion rate of mild steel in 1.0 M HCl as a 
function of the concentration of ET gums at 303-333 K. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Inhibition efficiency of ET gums as a function of 
concentration at 303- 333 K. 

 

The relationship between the corrosion rate of mild steel 
in the various test solutions and the temperature was 
evaluated using the Arrhenius equation (𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 5). 
Taking logarithm of both sides of equation 5, equation 6 is 
obtained. 

          (5) 
 
           
          (6) 
 

where CR is the rate of corrosion of the metal, A is the 
Arrhenius or pre-exponential factor, Ea is the apparent 
effective activation energy, R is the universal gas constant 
and T is the absolute temperature of the system (K).  

alog log
2.303

ECR A
RT

= −

aexp /CR A E RT= −
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A plot of log CR versus 1⁄𝑇𝑇 represented on Figure 5 gave a 
straight line graph with a slope of (-Ea/2.303RT) and an 
intercept of [log 𝐴𝐴] from which the values of the apparent 
activation energy (Ea) were evaluated.21,23,24 The values of Ea 
are shown in Table 1. It is evident from  Table 1 that the 
value of Ea in the uninhibited system increased on the 
addition of ET gums as reflected in the values of Ea in the 
inhibited systems. This behavior is suggestive of a 
physisorptive kind of adsorption mechanism whereby an 
increase in temperature leads to the desorption of the 
adsorbed inhibitor from the steel surface thereby exposing 
the mild steel surface to the acid solution and leading to 
arise in the rate of corrosion of the steel as reported 
bySzauer and Brandt along with other researchers.25,23,24 

Enthalpy (Δ𝐻𝐻#) and entropy (Δ𝑆𝑆#) of activation of the 
corrosion inhibition were calculated using the Eyring 
equation; 

 
(7) 

 

where CR is the corrosion rate at temperature T, R is the 
molar gas constant, n is Avogadro’s constant 6.0225×1023 

and h is the Planck’s constant (6.6261 × 10-34 J s). A plot 
of log CR⁄𝑇𝑇versus 1/T as shown in Figure 6 is a straigh line 
graph with a slope of (−Δ𝐻𝐻#⁄2.303𝑅𝑅) and an intercept of 
[log(𝑅𝑅⁄𝑒𝑒h) + Δ𝑆𝑆#⁄2.303𝑅𝑅] from which the values of Δ𝐻𝐻# and 
Δ𝑆𝑆# were calculated.21,23,24 

The results presented in Table 1 show that the enthalpies 
of activation are all negative which reveals the exothermic 
nature of the dissolution process of the mild steel. Also, the 
entropies of activation were all negative for the gums.7 

Negative values of Δ 𝑆𝑆#have been reported by Refat 
andIshaq25 to represent the association mechanism of the 
corrosion process whereby a decrease in disorder takes place 
ongoing from the reactants to the activated complex. Shukla 
and Ebenso corroborate this explanation in their findings on 
the adsorptive behavior and thermodynamic properties of 
streptomycin in the corrosion of mild steel in1.0 M HCl.23 In 
their study, the values of Δ𝑆𝑆# were not only negative but 
higher in the inhibited systems.  

 

 

 

 

 

 

 

 

Figure 5. Arrhenius plot of the temperature –dependence of the 
corrosion rate of mild steel in 1.0 M HCl in the absence and 
presence of ET gums. 

The values of Δ𝑆𝑆# in this study (Table 1) aligns with the 
findings of Shukla23 and Refat.25 The entropy of activation,  
Δ𝑆𝑆# in this present study increased in the presence of ET 
gums. This may be as a result of the adsorption of ET gums 
on the surface of the steel thereby slowing the discharge of 
hydrogen ions on the surface of the mild steel and the rate of 
corrosion of the steel.23-25 

 

 

 

 

 

 

 

Figure 6. Eyring plot of the temperature-dependence of the 
corrosion rate of mild steel in 1.0 M HCl in the absence and 
presence of ET gums. 

Table 1. Thermodynamic parameters of the corrosion of mild steel 
in 1.0 M HCl in the presence and absence of ET gums at 303-333 
K. 

Concentration, 
g L-1 

Ea,  
kJ mol-1 

∆H#,  
kJ mol-1 

∆S#,  
J mol-1 K 

Blank 16.280 -4.509 -132.0 
0.2 20.104          -5.569      -113.6 
0.4 20.736        -5.774       -108.1 
0.6        22.457        -6.220       -66.01 
0.8           25.941       -7.185        -75.45 
1.0           29.018      -8.037          -68.69 

Adsorption isotherms 

Surface coverage (Ɵ) values derived from weight loss 
measurements were adapted into various adsorption 
isotherms in order to know the adsorption characteristics of 
ET gums. The Langmuir, Freundlich and Temkin isotherms 
were found to give good descriptions of the adsorption 
characteristics of ET gums with all the plots having linear 
slopes and regression coefficients values R2≥0.9.5,23 The 
functionalized and linear forms of the Langmuir, Freundlich 
and Temkin isotherm models5 are the followings: 

 

Isotherm Functional form Linear form 
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Temkin 
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where C is the concentration of the inhibitor in the bulk 
electrolyte, Kads is the adsorption equilibrium constant, Ɵ is 
the degree of surface coverage of the inhibitor and ∝is the 
molecular interaction parameter.20 Table 2 presents the 
adsorption parameters evaluated from the plots. 

The adsorption equilibrium constant, Kads is related to the 
standard free energy of adsorption, ∆Gads as showed in 
equations 8 and 9,  

 

          (8) 

 

          (9) 

 

where ∆Gads is the standard free energy of adsorption of ET 
gums on the mild steel surface, R is the universal gas 
constant, 55.5 is the concentration of water in solution in 
mol L-1 and Kads is the equilibrium constant of adsorption. 
The values of  ∆G0

ads were negative and less than -20 kJ mol-

1 for all the three adsorption models.  

 

 

 

 

 

 

 

 

 

Figure 7. Langmuir isotherm for the adsorption of ET gums on 
mild steel surface at 303 K and 333 K respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Freundlich isotherm for the adsorption of ET on mild 
steel surface at 303 K and 333 K respectively. 

This implies that the adsorption of ET gums on the surface 
of the mild steel coupon is spontaneous and physisorptive.7 
The values of ∆G0

ads≤-20 kJ mol-1and ∆Gads ≥ −40 kJ mol-1 

have been reported in studies conducted by Momoh-Yahaya 
et al. and Oguzie et al. to signify the mechanisms of 
physisorption and chemisorption respectively.21,5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Temkin isotherm for the adsorption of ET on mild steel 
surface at 303 K and 333 K respectively. 

Linear polarization 

Linear polarization plots for the corrosion of mild steel in 
the various test solutions are shown in Figure 10 while 
Table 3 presents all the linear polarization parameters 
derived from the polarization plots and inhibition efficiency 
values. 

The corrosion current density is a function of the 
reactivity of a metal in an aqueous environment. The higher 
the values of Icorr, the higher the dissolution of the metal and 
vice versa. Addition of ET gums is observed to reduce the 
anodic and cathodic current densities and the corresponding 
corrosion current density (Icorr) by shifting the corrosion 
potential (Ecorr) toward more negative (cathodic) values. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Linear polarisation plots of mild steel in 1.0 M HCl in 
the absence and presence of ET. 

These shifts in the corrosion potential (𝐸𝐸corr) are more 
pronounced at higher ET concentrations, and the cathodic 
inhibiting effect becomes more significant. This implies that 
the gums functioned as a mixed-type inhibitor, with 
predominant cathodic effect.  
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Table 2. Adsorption parameters of ET gums on mild steel surface in 1.0 M HCl 

 Temperature, 
K   

Slopes   Intercepts R2 α Kads ΔGads, kJ 
mol-1 

Langmuir 303 0.904 0.169 0.991 - 5.921 -14.60 
333 1.076 0.276 0.990 - 3.376 -14.49 

Freundlich 303 0.625 -0.2264 0.977 - 1.684 -11.43 
333 1.050 -0.608 0.976 - 4.051 -14.10 

Temkin 303 0.324 0.778 0.934 0.324 11.04 -16.17 
333 0.292 0.535 0.949 0.292 6.23 -16.18 

 

Table 4. Linear polarisation parameters for the corrosion of mild steel in 1.0 M HCl in the absence and presence of ET. 

Conc., g L-1 Ecorr, mV   Icorr, μAcm-2 ᵝa,V dec-1 ᵝc, V dec-1 CR, mmyr-1 %IE 
Blank -843.79   299.86   0.47551  0.31335  348.44  - 
0.2  -513.90 135.76   0.64010 0.54541  157.75   54.73 
0.4  -844.30 266.10 0.52436   0.29977  147.12   57.78 
0.6  -836.65   22.93   0.35607  0.32226   26.643  92.35 
0.8  -1620.4  17.81   0.25595  0.28927  20.692   94.06 
1.0  -1315.2   20.31   0.26930 0.23854  23.599  93.23 

 

The values of ba and bc changed as the inhibitor 
concentration increased, signifying the influence of ET gum 
exudates on both the dissolution of the mild steel in 1.0 M 
HCl and the kinetics of hydrogen evolution. This is revealed 
in similar studies by Oguzie et al. and others.3-5,30 

Linear polarization 

Linear polarization plots for the corrosion of mild steel in 
the various test solutions are shown in Figure 10 while 
Table 3 presents all the linear polarization parameters 
derived from the polarization plots and inhibition efficiency 
values. 

The corrosion current density is a function of the 
reactivity of a metal in an aqueous environment. The higher 
the values of 𝐼𝐼corr, the higher the dissolution of the metal and 
vice-versa. Addition of ET gums is observed to reduce the 
anodic and cathodic current densities and the corresponding 
corrosion current density (𝐼𝐼corr) by shifting the corrosion 
potential (𝐸𝐸corr) toward more negative (cathodic) values. 

These shifts in the corrosion potential (𝐸𝐸corr) are more 
pronounced at higher ET concentrations, and the cathodic 
inhibiting effect becomes more significant. This implies that 
the gums functioned as a mixed-type inhibitor, with 
predominant cathodic effect. The values of ba and b𝑐𝑐 
changed as the inhibitor concentration increased, signifying 
the influence of ET gum exudates on both the dissolution of 
the mild steel in 1.0 M HCl and the kinetics of hydrogen 
evolution. This is revealed in similar studies by Oguzie et al. 
and others.3-5,30 

Optical microscopy 

Plates I, II and III show the micrographs of the polished 
mild steel, the polished steel after immersion in the 
uninhibited acid solution and the polished steel after 

immersion in the inhibited acid solution respectively. Plate 
II shows a steel surface that is relatively damaged compared 
to Plates I and III. This is as a result of the rust formed on it 
after undergoing corrosion in 1.0 M solution of HCl in the 
absence of the inhibitor. The micrograph of mild steel 
surface in Plate III shows no pits and cracks except some 
polishing lines and the presence of an excellent protective 
film. 

This further confirms the adsorption of the constituents of 
ET gums on the mild steel surface and the inhibitive 
property of ET gums against the corrosion of mild steel in 
1.0 M solution of HCl. 

 

 

 

 

 

I     II   

 

 

 

 

 

      III 

Plates: I -Polished mild steel; II - Polished mild steel in 1.0 M 
HCl; III - Polished mild steel in 1.0 M HCl with ET gums. 
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Conclusion 

The results obtained from this study have shown that 
Euphorbia tirucalli gum exudates acted as a useful and 
efficient inhibitor against the dissolution of mild steel in 1.0 
M HCl. Inhibition efficiency of the gums was found to be 
concentration dependent. However, the inhibition efficiency 
of the gums decreased with immersion time and rose in 
temperature. Values of 𝐸𝐸a, Δ𝐻𝐻# and Δ𝐺𝐺ads obtained showed 
that the adsorption of Euphorbia tirucalli gums exudates on 
the steel surface was physisorptive, exothermic and 
spontaneous. Linear polarization measurements showed that 
Euphorbia tirucalli gum exudates functioned as a mixed 
corrosion inhibitor by inhibiting and retarding the rates of 
both the anodic metal dissolution and cathode hydrogen ion 
reduction reactions. Optical micrographs confirm the 
adsorption of Euphorbia tirucalli gum exudates on the 
surface of the mild steel. 
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NICKEL ACETYLACETONATE CATALYZED KNOEVENAGEL 

CONDENSATIONS AT ROOM TEMPERATURE 
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Nickel acetylacetonate (Ni(acac)2) as a catalyst was tested in Knoevenagel condensation of benzaldehyde with ethyl cyanoacetate in 
DMSO to provide α-cyano ethyl cinnamate. The substituted benzaldehydes and 3-methylbutyraldehyde gave similar reaction and the 
corresponding products were obtained in good yields (78-92%) under clean and straightforward condition. 
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Introduction 

The Knoevenagel condensation is one of the most 
important C-C bond forming reaction, and the cyanoalkene 
reaction products have proved to be versatile intermediates 
in the organic synthesis.1 These compounds are powerful 
electrophiles readily undergo Michael addition reactions and 
result in the synthesis of heterocyclic compounds.2 They 
represent a significant functionality in organic 
transformations due to their easy conversion into elaborated 
functionalities of amines, amides, esters, lactams and 
lactones.3 Moreover, conjugated cyano alkenes are 
important compounds due to their biological properties.4 

There are numerous known methods to access C=C bond 
formation, but these reactions are mainly catalyzed by 
amine-quaternary ammonium salt double activation 
catalysts5 and require harsh reaction conditions. The yields 
generally are limited. These methods particularly are 
unsuitable for atom economic synthesis.6 Development of 
new synthetic methodologies using transition metal Lewis 
acid catalyst has increased importance7  due to the numerous 
advantages like low cost, neutral condition, ambient 
temperature, high selectivity, and avoid of salt-type by-
product formation. Transition metal catalysts mostly 
promote the activation of C-H functionalities due to their 
high ability to generate carbanion equivalent species.8 

EXPERIMENTAL SECTION  

Materials and methods 

All reactions were carried out in dry solvents unless 
otherwise stated. Reactions were monitored by thin layer 
chromatography (TLC) on silica gel plates (Kieselgel 60 
F254, Merck). Visualization of the spots on TLC plates was 
achieved either by UV light or by staining the plates in 2,4-

dinitrophenylhydrazine/anisaldehyde and charring on a hot 
plate. All products were characterized by 1H NMR, 13C 
NMR, IR, and mass spectrometry. 1H NMR and 13C NMR 
spectra were recorded on Varian Mercury 300 MHz 
spectrometer. IR spectra were obtained on a Shimadzu 
FTIR-8400 with samples loaded as thin films on KBr plate, 
neat or with CH2Cl2 as indicated. Mass spectra were 
recorded at an ionization potential of 70 eV; Melting points 
recorded are uncorrected. Column chromatography on silica 
gel (100-200 mesh) was performed with reagent grade ethyl 
acetate and hexane as an eluent.  

Synthesis of 2-cyano-3-phenylacrylic acid ethyl ester (3a) 

A mixture of ethyl cyanoacetate (531 mg, 4.7 mmol) 
Ni(acac)2 (10 mg, 0.9 mol %) in DMSO (2 mL) were stirred 
at room temperature, aldehyde(benzaldehyde) (498 mg, 4.7 
mmol), was added, the reaction mixture was further stirred 
for 1.0 h. The progress of the reaction was monitored by 
taking TLC. After completion of the reaction, the mixture 
was diluted with water. The reaction mixture was extracted 
with EtOAc (2 x 20 mL) and the organic layer was washed 
with brine and dried with Na2SO4. Evaporation of solvent 
furnished the crude product that was purified by column 
chromatography over silica gel using EtOAc in petroleum 
ether to give a pure solid product. Yield: 85 %, M.p.: 68 0C, 
IR: v=1726 (C=O, ester) and 2225 (CN) cm-1; 1H 
NMR(CDCl3,TMS): δ 1.43 (t, 3H, J= 7.2 Hz), 4.38 (q, 2H, 
J= 7.2 Hz ) , 7.53 ( d, 2H, J= 7.8 Hz), 8.13 ( d, 3H, J= 7.8 
Hz), 8.26 (s, 1H) 

The other compounds have been synthesized in an 
analogous way with using the solvent and reaction time 
given in Table 1.  

Result and Discussion 

The nickel acetylacetonate (Ni(acac)2) is a crucial Lewis 
acid catalyst proved to be highly effective in a various 
organic reaction like Michael addition,9 Grignard 
reactions,10 alkylations, alkenylations,11 aryl C-H activation 
coupling reactions,12 N-arylations and C-N bond cleavage,13 
cyanoesterification14 and  homocoupling reactions.15 

As part of our ongoing program, we inspired and 
encourage developing new methodologies for Knoevenagel 
condensation of ethyl cyanoacetate with aldehydes and 
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cyclic ketones. We are demonstrating first time using 
Ni(acac)2 as a catalyst in Knoevenagel condensation 
reaction. The Knoevenagel condensation of benzaldehyde 
(1a) with ethyl cyanoacetate (2) furnished the 3a in EtOH 
with good yield at ambient reaction condition in 1 h. For 
optimization of reaction condition, we screened the role of 
solvents and temperature. In EtOH at 25 0C, the 3a was 
formed in 80 % yield in 8 h then reaction condition changed 
heating to reflux for 1 h resulted in 85% yield of 3a on 
reflux condition.  When the reaction was carried out in polar 
protic solvents like MeOH, the yield was decreased, i.e., 
80 % while other polar solvents such as acetonitrile and 
acetone gave 3a with good yield under the same conditions. 
Aprotic polar solvents like DMF gives 83 % and DMSO 
85% were proved to be the best choice for these syntheses 
during short reaction time at room temperature.  

The products were obtained in high yield with increasing 
temperature because of the endotherm character of the 
reaction.  Due to enolization in DMSO as solvent16 polar 
aprotic solvents (DMF and DMSO) was selected and as a 
result of detailed studies, DMSO was found to be the most 
effective solvent for promoting favorable reaction 
conditions. in DMSO  3a was formed with good yield in 1 h 
even at room temperature.  

This result demonstrated that Ni(acac)2 is an effective 
catalyst for Knoevenagel condensation reaction, therefore 
we have tested its activity in the reaction of benzaldehyde 
with other active methylene group-containing compounds. 
The analogous reaction with malononitrile proceeded very 
fast and gave a corresponding product with excellent yield 
(90 %), while with ethyl acetoacetate the corresponding 
product was formed in moderate yields (75 %). Diethyl 
malonate gave very low yield 20 % even under long reaction 
time (12 h ). It is noted that according to previous reports the 
presence of cyano moiety is a critical condition to generate 
carbon nucleophile and promote insertion of the metal into 
the C-H bond and hydrogen shift by metals to oxo 
species.17,18  

After finding optimized solvent and reaction condition as 
shown in Scheme 1, we have studied the influence of the 
amount of catalyst in DMSO on the yield of 3a.  

 

 

 

It has been observed that the model reaction did not 
initiate at all without the catalyst for 12 h in DMSO. The 
amount of catalyst used for the reaction was varied between 
0.5 and 10 mol %. Decreasing the amount of catalyst 
loading from 10 mol % to 1 mol %, the yield of 3a is hardly 
changed. The reaction rate, however, decreased and with 0.5 
mol % of catalyst was found the less yield (70 %). It shows 
that the minimum amount of catalyst to give good results is 
0.9 mol %.  

The usability of Ni(acac)2 catalyst was examined in the 
reaction of variously substituted benzaldehydes, 3-
methylbutyraldehyde and cyclic ketones (cyclohexanone or 
cyclopentanone) with ethyl cyanoacetate. All reactions were 

performed in the presence of 0.9 mol% Ni(acac)2 catalyst in 
DMSO as a solvent. The results are summarized in Table 1. 
There was no particular influence of the electron donating 
and withdrawing substituents on the yield of desirable 
products comparing with unsubstituted benzaldehyde.  

Table 1. Synthesis of Knoevenagel condensation products in the 
presence of 0.9 mol % Ni(acac)2 from oxo-compounds and ethyl 
cyanoacetate in DMSO at room temperature 

Starting oxo compound Reaction 
time, h 

Yield, % 

Benzaldehyde 1.0 85 
2.5 Dimethylbenzaldehydea 1.0 90 
4-Methoxybenzaldehyde 1.0 87 
3-Methoxybenzaldehyde 1.5  86 
4-Chlorobenzaldehyde 1.3 92 
4-Nitrobenzaldehyde 0.3  85 
4-Bromobenzaldehyde 1.4  78 
2-Nitrobenzaldehyde 0.3  80 
2-Benzoloxybenzaldehydea 1.3 81 
3-Methylbutyraldehyde 1.0 78  
Cyclopentanone 1.0 78 
Cyclohexanone 1.0 78 

anew product 

Neither the acid sensitive alkoxy nor the halide substituent 
has any coupling or other by-reaction, but salicylaldehyde 
resulted in coumarin in 83 % yield under 3 h. 
Salicylaldehyde hydroxyl group was protected with benzyl 
group when the condensation reaction s proceeded under the 
same conditions gave above giving 81 % yield. The 
aliphatic aldehyde, 4-methylbutyraldehyde gave the desired 
product with 78 % yield in 1 h, and cyclic ketones 
(cyclopentanone and cyclohexanone) provided 78% and 
78% yields, under 1.0 h, respectively.  

Conclusion 

We could demonstrate that the formation of C=C bond 
can be catalyzed with Ni(acac)2 in a reaction of CN-group 
containing active methylene reactants and aldehydes or 
ketones under neutral condition without formation of salt-
like byproducts. The present methodology can be applied in 
the synthesis of β-lactam type drugs. 
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CHANGES IN MICROBIOTA, MORPHOHISTOCHEMICAL, 

BIOCHEMICAL SHIFTS IN MICE ON THE SODIUM DEXTRAN 

SULPHATE – INDUCED NONSPECIFIC ULCERATIVE COLITIS 

AND THE EFFECTS OF FREE PROBIOTICS AND 
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Acute, inflammatory processes contribute to the fact that conventionally pathogenic and pathogenic microorganisms colonize the mucous 
membranes of the small intestine and form biofilms, can become a source of bacterial toxin, which, when the epithelial layer breaks, 
penetrates to the lymphatic and blood systems, contributing to the formation of sepsis. The barrier function of the epithelium is critical in 
the development of inflammatory bowel diseases, while normal functioning requires a constant balance between reactivity and tolerance to 
microorganisms of the intestinal lumen. Increased permeability of the intestinal mucosa is the main risk factor for the spread of bacteria. 
Epithelium, being an essential element of tissue barriers, provides selective transport for the movement of ions and macromolecules, and 
also creates an obstacle for their penetration into the underlying tissues. Control of the permeability of the epithelial layer is carried out by 
the apical intercellular complex - tight contacts, which comprise proteins of the claudine family. Intestinal flora affects the sensory, motor 
and immune functions of the intestine, and also interacts with higher nervous centers. Immunosuppressive processes are one of the main 
causes of destabilization of the barrier function, intestine, and brain. 
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INTRODUCTION 

The intestinal - cerebral axis (ICA) is a bi-directional 
communicative system through which the brain models the 
functions of the gastrointestinal tract (GIT) and vice versa. 
ICA is based on neuronal, endocrine and immunological 
mechanisms connected with each other at the organism, 
organ, cellular and molecular level.1 The relationship 
between cerebral microbiota of the intestine is one of the 
examples of the cooperation of the endocrine, nervous 
systems and nonspecific natural immunity, the importance 
of which for the organism in norm and in pathology is 
difficult to overestimate. 

The gastrointestinal tract is closely related to the 
hypothalamic-pituitary tract through the release of peptides 
that control the brain's response, and also through 
neuroendocrine and sensory signals from the intestine. The 
microbiota affects the development of cognitive functions 
and the hypothalamic-pituitary response to the stress.  
Intestinal bacteria in the process of metabolism form 
serotonin, melatonin, amino acids, catecholamine, histamine, 
acetylcholine, partially being the most important 
neurotransmitters .1,2,3 

The intestinal-cerebral axis is also traced in infections and 
inflammations that lead to mood changes and cognitive 
dysfunction. In particular, the brain is able to identify the 

introduction of pathogenic microbes in the digestive tract 
and respond with a sense of anxiety and restlessness. The 
only mechanism capable signalize the brain of danger is 
hematological. The sensory neurons of the vagus nerve are 
contacted by submucosal immune cells and project the nerve 
endings into the mucous membrane of the gastrointestinal 
tract, the site of direct interaction between the organism and 
the pathogen.  

The detection of Fos protein, synthesized by neurons 
including and markers of functional activity, in the sensory 
neurons of the nerve after inoculation of bacteria, testified 
that this connection is also accomplished by the vagus 
nerve.4,5 The death of intestinal neurons and glia damage 
with alteration of the expression of the acidic fibrillar 
protein and increased expression of the molecules of the 
main histocompatibility complex of the second class were 
noted in Crowns’ disease, ulcerative colitis, necrotizing 
enterocolitis and diabetes.6 

The purpose of this work was to study the effect of the 
complex positions of dextran sodium sulfate on the 
intestinal microbiota of mice, to obtain a model of 
nonspecific ulcerative colitis (NUC), to interrelate the axis 
of the intestine-blood-brain, the ways of affecting some 
zeolites of this domestic production, the immune active and 
anti-inflammatory properties of zeolites, found in the 
regions of Armenia in the experimental models of the NUC. 

EXPERIMENTAL 

Chemicals and reagents: Dextran sulphate 40 sodium salt 
(DSS), Mr 40 000, and bovine serum albumin were from 
Carl Roth, dextran (Mr 70 000) (Serva, Heidelberg 
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Germany). Sodium citrate anticoagulant, thiobarbituricacid, 
HEPES, 1.4-dithiothreitol, hematoxylin and eosin were 
purchased from Sigma-Aldrich Chemical Co. 

Animals and treatmants: All procedures involved animals 
were in accordance with the International Laboratory 
Animal Care and the European Communities Council 
Directive (86/809/EEC) and approved by the respective 
local committee on biomedical ethics (H. Buniatian Institute 
of Biochemistry, Yerevan, NAS RA). The 2-to 3-month-old 
male mice from our breeding colony were used. All animals 
were maintained on a 12 h light/dark cycle at normal room 
temperature and housed in groups of 6/cage with free access 
to food and tap water. 

Experimental design: To induct nonspecific ulcerative 
colitis induction, the animals were randomly divided into 
groups (n=12). Group I was contol group of native mice. 
Other groups were experimental groups with DSS-induced 
nonspecific ulcerative colitis. 

Group II - mice received ad libitum 2.5% DSS dissolved 
in regular tap water for 7 days and examined immediately at 
the end of sodium dextran sulphate treatment. 

GroupIII - a group of sodium dextran sulphate-induced 
nonspecific ulcerative colitis mice left untreated for the 
duration of 2 weeks in parallel to treated ones and referred 
as self-recovery to assess self-healing mechanism 

Group IV-VI were of mice that were fed with 2.5 % DSS 
dissolved in regular tap water for 7 days and then given 
daily per os (through a flexible polypropylene gavage) 
separately probiotics, and/or probiotics immobilized with 
zeolites (PBZ). Control mice were given water only. On day 
8, mice were sacrificed and monitored for colitis. 

Probiotic strains and growth conditions: A commercially 
available probiotic, a concentrated source of naturally 
occurring microorganisms were used.   L. rhamnosus strain 
В-6778 and Bifidobacterium bifidum strain AC-1666 (RF), 
as well as L. plantarum strain В-2353 (RF), L. acidophilus 
Er317/402 "Narine" (RA), L. salivarius B-7701 possessing 
fungicidal activity and E. coli Nissle1917 strain were 
rehydrated in sterile 0.85% NaCl and routinely propagated 
at 37° C in MRS medium (Hi Media, India) pH of 6.5 ± 0.2. 
Limiting dilution assay (based on the method of McCrady) 
was used for the separation, characterization, and 
quantification of bacteria.7 Viability was confirmed by 
culturing 1 mL of the hydrated mixture on plates 
supplemented with MRS + agar at 37°C for 24 h. For 
immobilization of probiotics the culture medium was 
enriched with 5% of the chemically modified micronized 
natural mineral composition (vide infra). The probiotic 
mixture contained equal quantities the mentioned 
microorganisms (6 x 109 CFU/mL in total). 

Natural mineral composition. Natural minerals mined in 
Armenia were used viz., zeolites  from Noyemberyan, 
bentonite  from Ijevan and diatomite from Jadzor. Their 
multi-elemental composition at the trace and ultra trace 
levels have been determined and previously modified 
chemical composition (zeolite (80%), diatomite (10%), and 
bentonite (10%)) used as efficient stimulators and carriers of 
the probiotics.8 High pressure micro powder mill was used 

to produce about 50 μm powder from the mentioned 
minerals. 

Evaluation of experimental colitis. The animals were 
weighed and monitored for the appearance of diarrhea and 
blood in the stool throughout the experimental period. The 
overall disease severity was assessed by a clinical scoring 
system and the disease activity index score was calculated 
for each animal.9 Assessment includes 3 parameters,  
difference in weight before and after receiving DSS (0 = 
weight gain ≥ 1g: 1 = weight gain <1g; 2 = weight loss <1g; 
3 = weight loss ≥ 1g); stool consistency (0 = normal stool; 1 
=soft but formed stool, 2 = liquid stool); the presence of 
blood in the perianal region (0 = no sign of blood; 1 = signs 
of blood in perianal region; 2 = presence of blood in perianal 
region). The minimum score is 0, maximum is 7. After 
decapitation colon is excised opened longitudinally, rinsed 
with saline, and the length was measured and considered as 
an additional index for colitis, as well as mаcroscopic 
damage of the colonic mucosa scored based on the degree of 
inflammation and the presence of edema and/or ulcerations 
(0 = normal; 1 = slight inflammation; 2 = moderate 
inflammation and/or edema and 3 = heavy inflammation 
and/or ulcerations).10 Toward the end of the treatment, 
before decapitation, all of the animals underwent a 
behavioral testing in open field (OP) and elevated plus-maze 
(EPM). 

Behavioral examination: For open field test the mice were 
placed singly into an open field (diameter 1 m, divided by 2 
concentric circles into 16 equal sections on the floor of the 
arena) and observed in 3 min to measure locomotor activity 
(the number of sectors crossed with all paws (crossing), the 
number of rears (posture sustained with hind-paws on the 
floor), grooming (including washing or mouthing of 
forelimbs, hind-paws, body and genitals) (exploratory 
behavior) and boluses (anxiety) counted manually/visually.11 

For elevated plus-maze test, immediately after the open 
field test the mice were placed singly into a common central 
platform (10 cm × 10 cm) of elevated plus-maze comprised 
two open and two closed arms (45 cm x 10 cm x 10cm) and 
elevated to a height of 80 cm above the floor During a 3-min 
observation period, the following parameters were 
measured: number of open arms entries and number of 
closed arm entries. Exploration (grooming and rearing) and 
risk assessment (number of hanging over the open arms) 
were also examined. At the end of each trial, the open field 
and elevated plus maze were wiped clean with ethanol. 

Microbiological method: Our research was carried out in 
accordance with the methodological decree on microbial 
diagnosis of diseases cause by enterobacteriaceae. 
Methodological decree is composed of the RF Center for 
Health doctors training, RF Center for Health epidemiology 
research institute, RF Central for Health vaccine and serum 
research institute after E. E. Mechnikov. Each animal was 
opened aseptically; samples of feces from the lower part of 
the colon, and brain washout were immediately placed into a 
clean test tube for bacteriological analysis. After 
decapitation trunk blood was collected and analyzed. For 
identification light microscopy and/or the culturing method 
were used for all samples. Cultures were incubated in 
sucrose broth at 37 °C for 24 h (blood was diluted by 1:5 
v/v), then examined by microscopy, inoculated to the solid 
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culture media, agar plates (Endo, sucrose, and blood agar), 
and incubated for 24 h; blood samples incubated for 7 days, 
monitored daily, to facilitate a growth of microbes.12 The 
following nutritional environments are used: sugar bouillon, 
blood agar, yolk-salt agar, Endo, Ploskirev and Saburo agars.  

 The identification of separated bacteria is carried out with 
morphological, biochemical properties, by the method of 
spotted series of Hiss. After the discovery of the 
biochemical character of microbes, which determines the 
family of culture and its type, is made of serological 
identification of microorganisms with serums until serotypes.  

Histological examination: Samples for histology were 
excised from the brain and distal 6–8 cm of the colon, fixed 
in 10 % buffered formalin, and embedded in paraffin blocks. 
Slices with 6 μm sections were stained with hematoxylin 
and eosin (H&E), and scored for histological damage.13 

Pathological diagnosis of each specimen was assessed and 
analyzed by specialized histopathologist in a blinded manner. 

Indices of oxidative stress referring to lipid peroxidation 
processes were established by measuring malondialdehyde 
(MDA) using thiobarbituric acid.14 Samples were 
deproteinized with 10 % TCA, centrifuged at 15000 rpm for 
3 min, and supernatants were mixed with 0.6 N HCl and 
0.72 % TBA, heated for 15 min in boiling water bath with 
the resultant formation of pink-colored secondary product of 
MDA which absorbance was measured at 535 nm 
wavelength against reagent blank containing all the reagents 
minus the sample. Protein was determined using crystalline 
bovine serum albumin as standard.15 

Statistical analysis: All data were analyzed using a one-
way analysis of variance (ANOVA) followed by post hoc 
Holm-Sidak test (SigmaStat3.5 for Windows). Data are 
expressed as the mean±S.E.M. Statistical significance is 
accepted at the level p< 0.05. 

Results and Discussion 

Effect of sodium dextran sulphate in mice, histopathological 
shifts  

In the control group of mice, there were no abnormalities 
in the brain tissue (Figure 1). However, n the brain tissue of 
the second group mice proliferation of neurocytes, 
significant edema and dilated vessels were observed (Figure 
2). 

There was no pathological process in colon tissue of the 
control group mice.  Clearly visible mucosa of the large 
intestine with small vill, not wide submucosal layer with 
small vessels were observed (Figure 3). 

Histological examination of colon preparations of the 
experimental group mice showed changes in the intestinal 
mucosa. There was a focal glandular hyperplasia of the 
mucosa, up to the development of small polyps (Figure 4). 
In the mice of this group in the submucosal layer there was 
edema with an expansion of the submucosa and an   increase 
in the number of small vesicles in this zone (Figure 5). 

 

 

 

 

 

 

 

 
Figure 1. Brain tissue of the control group mice stained with 
hematoxylin-eosin 

 

 

 

 

 

 

 

Figure 2. Brain tissue of mice of the second group stained with 
haematoxylin – eosin. 

 

 

 

 

 

 

 

Figure 3. Colon tissue of the control group mice stained with 
hematoxylin-eosin.  

Considering the morphohistochemical picture, the 
question naturally arises as to how closely the brain and 
intestinal microbiota are interrelated and what are the main 
components in this interaction. Intestinal nervous system is 
represented by two populations of cells, neurons and 
intestinal glial cells (IGC), which four times exceed the 
number of neurons. IGC provides several aspects of bowel 
functioning including peristalsis, micro vascular circulation, 
secretion of fluid, ions and biologically active peptides, and 
barrier function. IGC is morphologically and functionally 
similar to the astrocyte of the central nervous system. It is a 
key regulator of intestinal homeostasis and an active 
participant in the development of intestinal pathology. 
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Figure 4. Large intestine of the experimental group mice stained 
with haematoxylin - eosin. 

 

 

 

 

 

 

 

 

Figure 5. Submucosal layer of the experimental group mice, with 
hematoxylin-eosin. 

A new concept in gastroenterology is that a wide range of 
diseases associated with impaired peristalsis, including IBD 
(inflammatory bowel disease), can be diagnosed as intestinal 
neuropathy. It is still unclear whether neuropathy is a 
consequence of the disease or its cause. Given the similarity 
of intestinal glia and astroglion of the brain, the concept 
deserves special attention. It is the concept of unified 
mechanisms of intestinal and blood-brain barrier 
regulation.16 Glial cells of the intestine are morphologically, 
immunohistochemically and functionally equivalent to 
astrocytes of the central nervous system. Intestinal flora 
affects the sensory, motor and immune functions of the 
intestine and also interacts with higher nervous centres. 

The purpose of this study is to identify some opportunistic 
microbes, in particular E. coli, the pro-inflammatory St. 
aureus, and the associated fungi of the genus Candida in 
dextran sulphate induced non specific ulcerative colitis. 
Increasing the concentration of microbial toxins contributes 
to the development of a variety of pathological processes in 
the human body. It is shown that thermolabile enterotoxins 
of various conditionally pathogenic enterobacteria, 
including E. coli, cause an increase in the permeability of 
the mucous membranes of the gastrointestinal tract. Changes 
in the appearance and behaviour of the animals viz., a 
depleted species, a discharge of blood from the perianal 
region, thin and cyanic peritoneum of the mice was 

observed as a result of the experiments.17 On sowing in 
nutrient broths and subsequent re-crossings on solid nutrient 
media single colonies of E. coli were isolated from brain 
washings. Similarly, St. aureus and hemolytic E. coli were 
separated from the cultures of the contents of the large 
intestine. Coliforms were not found in the blood, so the 
phenomenon of translocation of microbes is ruled out. 
Ample growth of St. aureus, that resembled sepsis, was 
revealed following the studies in the blood. Fungi of the 
genus Candida were also observed in significant numbers 
throughout the all samples 

The barrier function of the epithelium is the key in the 
development of inflammatory bowel diseases.  While the 
normal functioning requires a constant balance between 
reactivity and tolerance to the microorganisms of the 
intestinal lumen, increased permeability of the intestinal 
mucosa is the main risk factor for the spread of bacteria. 
Epithelium being an important element of tissue barriers 
provides selective transport for the movement of ions and 
macromolecules, and also creates an obstacle for their 
penetration into the underlying tissues. The permeability of 
the epithelial layer is controlled by the apicalinter cellular 
complex - dense contacts, consisting of proteins of the 
claudine family.18 In acute inflammatory processes such as 
NUC caused by DSS, conditionally pathogens and 
pathogenic microorganisms, colonizing the small intestine 
mucous surfaces, forming bioplasts and can become a 
source of bacterial toxin. When the epithelial layer breaks 
they penetrate into the lymphatic and circulatory system and 
cause sepsis. 

A two-week treatment of the mice with the mixture of 
probiotics, in free and immobilized forms, following DSS 
induced non specific ulcerative colitis (DSS-NUC), 
indicated that both probiotics and PBZ completely 
normalized microbiota in 14 days. The probiotics used in 
our studies contribute to the restoration of the intestinal 
microbiota, in particular by a sharp decrease in the number 
of fungi of the genus C. albicans, which resulted from a 
sharp drop in the body's immune status. In mice with NUC, 
probiotics destroy pro-inflammatory staphylococcus and 
restores the proportion of E. coli, which appropriately 
correlates with the intestinal microbiom preventing the 
further development of sepsis.  

Acute colitis manifested as diarrhea and bloody feces, in 
some cases rectal prolapsed, has occurred as a complication 
in colitis models using sodium dextran sulphate.19 PBZ 
shortened the duration of diarrhea in one day, whereas it was 
lasted longer, approximately for 1-2 and 2-3 days, during 
treatment with probiotics. This is presumably, because of a 
species-specific efficacy of probiotics in the treatment of 
acute diarrhea, and L. rhamnosus included in the probiotics 
mixture is the effective one.20 Body weight of animals 
(29.67 ± 1.97 g) decreased during sodium dextran sulphate-
induction of nonspecific ulcerative colitis up to 13.5 - 
16.9 % at the end of DSS administration, and began to 
reverse by10 days post-DSS and tendency to gain normal 
weight was observed until mice were sacrificed on day 14 
post-DSS. Thus, all the tested probiotics prevented diarrhea 
and bleeding in one-two days, as well as efficiently restored 
the weight gain suppressed during nonspecific ulcerative 
colitis that agrees with findings of the other authors.21 
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Colon length and disease activity index were also 
significantly improved suggesting on-going recovery from 
the disease. On day 14 post-SDS, the colon length of 
ulcerative colitis mice was (6.2 ± 0.3 cm) shorter than that 
of control mice (8.9 ± 0.8 cm). Treatment with probiotics 
attenuated colon shortening about equally (7.13 ± 0.32 cm 
and 7.41 ± 0.43 cm respectively), while it was normalized 
by PBZ. The DAI calculated by diarrhea, visible fecal blood 
weight loss, as well as colon length and mаcroscopic 
damage additional indices for colitis (see Material and 
methods) reached up to 8-11 in the DSS-treated group, it 
was significantly lowered to about one-third in the self 
healing processes on day 14 post-DSS, when all three 
treatment groups showed complete recovery. The above 
mentioned parameters correlated with histological grading 
of colitis based on the amount and depth of inflammation, as 
well as the amount of crypt damage or regeneration, and the 
percentage involvement by the disease process.  

Histopathological changes observed in the colon and brain 
regions of corticolimbic system were examined using H&E 
staining. As in many other findings microscopic features of 
sodium dextran sulphate-induced nonspecific ulcerative 
colitis was characterized by epithelial damage, disruption of 
crypt architecture, and inflammation.22 Inflammatory cell 
infiltration in the areas of focal lesions, and edema in the 
colonic submucosal  layer were detected (Figure 6 A, B and 
C).  

 
 
 
 
 
 
 
 
 

Figure 6. Histopathological changes in the mouse colon 
following sodium dextran sulphate-induced nonspecific 
ulcerative colitis (upper row) and 14 days post-colitis (lower row). 
Erosions in the colonic mucosa, edema and inflammation in the 
subepithelial layer (A, B) x100. The intestinal wall with the 
mucous glandular hyperplasia and formation of the hyperplastic 
polyp (C) x100.  

It should be noted that acute inflammatory or infectious 
process are accompanied by vasodilatation with increased 
capillary permeability and extravasation of protein-aqueous 
fluid in a loosely packed submucosal layer resulted in the 
edema relative to a thickened echogenic submucosal layer, 
there to mucosal hyperplasia seen in nonspecific ulcerative 
colitis mice is an initial step in the formation of polyps, 
which were also found, indicating an acute disease 
process.23 

Two weeks after stopping sodium dextran sulphate, the 
recovery phase of sodium dextran sulphate-induced 
nonspecific ulcerative colitis was associated with epithelial 
apoptosis and disruption of the mucosa, the submucosa 
contained some macrophages, and lymphoid micro follicles 
were seen in lamina propria, as well as the colonic epithelial 
cell proliferation that involved in the regeneration 

processes.24 However, in some places edema and erosions 
and focal glandular hyperplasia in the colonic mucosa were 
observed, epithelium was incompletely regenerated (Figure 
7 D, E and F). 

 

 

 

Figure 7. Histopathological changes in the mouse colon following 
sodium dextran sulphate-induced nonspecific ulcerative colitis 
(upper row) and 14 days post-colitis (lower row).Focal glandular 
hyperplasia of the mucosa (D) x100, H&E stain; ero-sions in the 
colonic mucosa, edema and inflammation in the subepithelial layer 
(E) x100 H&E stain; intact mouse colonic mucosa with not wide 
subepithelial layer (F), x100 H&E stain. 

It is of interest to note that the sodium dextran sulphate-
induced non specific ulcerative colitis caused edema and 
proliferation of glial cells in the mouse brain tissues lasted 
for the post-SDS period with manifestation of 
gangliomatous atypical nervous cells (Figure 8). 

 
 
 
 

 
  
 
 

Figure 8. Histopathological changes in the mouse brain following 
sodium dextran sulphate -induced colitis (upperrow) and 14 days 
post-colitis (lower row) . Edema and proliferation in the brain 
tissues (A, B ), intensive focal proliferation of glial cells, and 
edema (D, E), and manifestation of gangliomatous cells (F). (H&E 
stain,100 X). 

 

 

 

 

Figure 9. Effect of probiotic-treatment on the histopathological 
changes in colon and brain following sodium dextran sulphate-
induced ulcerative colitis. (A) x 40, H&E stain.  (B), x 100, H&E 
stain (C), x 40, H&E stain. 

Probiotics treatment attenuated hyperplastic changes and 
prevented the polyp formation in the colon though some 
place mucosal glandular hyperplasia and moderate 
inflammation were detected (Figure 9 A). Notably, 
hyperplasia may be due to any number of causes, including 
chronic inflammatory response, compensation for damage or 
disease elsewhere.25 The probiotics-treated mice showed 
increased crypt height compared to self-healing post-SDS 
mice (Figure 9 B). Surprisingly, the brain regions of 
probiotics-treated mice were well preserved and did not 
undergo deleterious changes observed in both sodium 
dextran sulphate-induced non-specific ulcerative colitis and 
post-SDS period (Figure 9 C).  
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On the preparations of the PBZ-treated mice slight 
inflammation and proliferation of epithelial cells were 
observed, and some place deformed crypt structures 
occurred (Figure 10 A and B). 

 

 

 

Figure 10. (A) PBZ-treatment presented the colonic wall x 40, 
H&E stain; the lymphoid macrofollicles in the colonic mucosa (B), 
x 100 H&E stain and in the subepithelial layer (C) x 100 H&E 
stain. 

However, the layers of the mucosa are preserved, and in 
the colonic lamina propria the clusters of lymphoid 
structures are presented both in the form of follicles and in 
the form of diffusely located lymphoid elements, among 
which plasma cells and macrophages were found (Figure 10 
C). Gut-associated lymphoid tissue is known play a pivotal 
role in there pair mechanisms. In inflammatory conditions, 
increased number, diameter and density of isolated 
lymphoid follicles suggest their involvement in immune 
surveillance, their presence is also indispensable in normal 
mucosal regeneration of the colon, as they serve as a 
regenerative pool of stem cells in case of mucosal damage, 
and/or contribute to the optimal cytokine milieu for the 
differentiation of immigrating stem cells reviewed 
elsewhere.26 

Beneficial effect of PBZ treatment was found in the brain, 
where in some areas the ganglion cells surrounding the 
nerve structures that play a protective role in nervous tissues 
were detected. At the same time, in the brain of some PBZ-
treated mice we observed signs of a negligible dystrophy, 
and someplace still widened full-blooded vessels pointed to 
the possibility of development of the per vascular edema 
that may be involved in the formation of the per vascular 
exudative cuff, which plays dual role, on one side it can be 
implicated in disruption of the blood-brain barrier, on the 
other can be considered as a protective mechanism of 
strengthening vascular wall from the outside.27 Notably, the 
similarity between perivascular spaces in human and rodent 
brains and their significance as anatomical routes for edema 
fluid drainage from damaged brain tissues has been 
demonstrated.28 

Effect of the selected probiotics on the behavior and mood of 
mice  

Depression-like behavior of mice was observed 
immediately after sodium dextran sulphate–induced 
nonspecific ulcerative colitis. Animals displayed a decreased 
motor activity in the open field mimicking human 
psychomotor retardation.29 Another major symptom of 
depression, detected in the open field and the elevated plus-
maze, was a decreased number of rearing relevant to 
exploratory behavior showing a “refractory loss of 
interest”.30 Reduced grooming was also observed and 
reflects decreased self-care and motivation, another trait of 
depression-like behavior.31 Nonspecific ulcerative colitis 
mice exhibited also a decreased number of hanging (a risk-

assessment) in the elevated plus-maze. It has been shown 
that sodium dextran sulphate nonspecific ulcerative colitis 
modifies the behavioral responses in mice via impact on 
cerebral expression of stress related neuropeptide systems 
and level of pro-inflammatory cytokines in the limbic 
system.31 We have previously reported that behavior was no 
longer impacted at 14 days post-SDS in mild-to-moderate 
ulcerative colitis, but in severe colitis post-SDS non-treated 
animals still exhibited attenuated levels of depression and 
anxiety that disappeared completely in all the three groups 
of treated mice (Table 1, 2). Number of entries into open 
arms, percentage of open/total arm entries might also be 
earned to anxiety resembling human anxiety/depression, 
while number of enclosed arm entries, total number of arm 
entries and rearing probably related to motor activity.32 

Table 1. Effect of treatment on the mice behavior in the open field 
following DSS-NUC. 

Groups Motor 
activity 

Rearing Gruming Defecati-
on boli 

Control  47.29±5.68 7.18±1.15 4.33±1.56 1.19±0.65 
DSS-NUC 15.3±1.4 1.1±0.3 1.03±0.2 0.02±0.02 
Post self-
recovery 

17 ±2.85 1.6±0.8 1.45±0.71 0.69±0.58 

Probiotic -
treated 

50.33±6.34 2.42±1.08 2.75±1.55 0.42±0.52 

PBZ treated 64.83±16.7 7.9±2.5 6.08±1.13 0.69±0.93 

According to above mentioned, anxiety/depression was 
for PB> PBZ (44.8, 47.5, and 59.3 % respectively), and 
motor activity assessed as a sum of variables the OF and the 
elevated plus-maze was for PBZ > PB (96.06, 80.92, 66.92, 
respectively).The number of defecation boli of treated mice 
from post-SDS group was similar to those of from non-
treated group in the open field test. Contrary, both treated 
and non-treated mice from post-SDS groups showed 
normalized number of boli in the elevated plus-maze test. 
Thus, hardly to explain psycho-emotional activity of tested 
animals with respect to this variable, because of its opposite 
values determined in two tests used. 

However, the other variables in both tests suggested the 
modulatory effects of all the probiotics, and the most 
beneficial effect of PBZ on motor and psycho-emotional 
activity of nonspecific ulcerative colitis-mice. This is in line 
with findings on regulation of emotional behavior by 
Lactobacillus strain in a mouse via the vagus nerve.33 

Correlation between the changes in microbiota and 
depression has also been shown.34 As we mentioned above 
probiotics via correction of microbiota may enhance gut 
barrier, modulate immune response, as well as prevent gut-
brain alterations relevant to mood and emotions. Probiotic 
bacteria lactobacillus and bifidobacterium attenuate 
inflammation in DSS-NUC in mice and may be used for 
induction of remission in nonspecific ulcerative colitis.35 

Effect of the selected probiotics in free and immobilized 
forms on the lipid peroxidation processes following DSS-
induced nonspecific ulcerative colitis. Maintaining a redox 
balance is crucial to preserve gut homeostasis. The gut cells 
respond to commensal microbiota or pathogens with 
immunetolerance and proinflammatory signals respectively. 
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Table 2. Effect of treatment on the mice behavior in the elevated 
plus-maze following DSS-NUC. 

Groups Rearing Gruming Hanging 
over the 
arms 

Defecation 
boli 

Control 
(healthy) 

6.6±1.04 3.62±0.5 4.93±0.88 1.14± 
0.34 

DSS-NUC 0.18±0.4** 0 0 0 

Post self-
recovery 

2.5±0.76* 0.18±0.4** 0 0 

Probiotic -
treated 

4.0±0.85* 2.67±1.5# 2.75± 
1.29# 

0.67± 
0.49# 

PBZ treated 8.91±3.32# 2.83±0.85# 5.66±1.4# 0.59±0.64# 

Notes:M ± SD (n=12). # p >0.05, * p<0.05, ** p <0.01, *** p <0.001 
(compared to control) 
 

Reactive oxygen species produced by mucosa-resident cells 
or by newly recruited innate immune cells are essential for 
antimicrobial responses and regulation of signalling 
pathways including processes involved in wound healing. 
Over production of reactive oxygen species due to up-
regulation of oxidases or altered mitochondria l function is 
linked to nonspecific ulcerative colitis, DSS-NUC is also 
accompanied by stimulation of lipid peroxidation processes 
i.e., system-wide oxidative stress response. The colonic 
MDA level was significantly increased in the DSS-NUC 
group (0.29 ±0.023 nmol MDA/mg protein) compared to 
control (0.017 ± 0.008 nmol MDA/mg protein) (p< 0.001). 
Colonic MDA content decreased in post-SDS group, 
remaining 5.6 times higher than control values. Treatment 
with probiotics reduced it approximately equally by half 
compared to self-healing processes, while PBZ interfered 
with suppression of lipid peroxidation in self-recovery group 
which requires further study. 

Notably, probiotics, PBZ practically normalized MDA 
levels increased by 6 and 2.6 times in the blood leucocyte 
and plasma following NUC. At the same time, MDA level 
has increased by 7.5, 2.5, 2.1, and 2.1 times in the prefrontal 
cortex, striatum, hippocampus and hypothalamus 
respectively. Two weeks after stopping DSS, it was 
normalized in the striatum and hippocampus, but was by 3.6 
and 1.3 times high in the prefrontal cortex and 
hypothalamus compared to control. Of interest probiotics 
normalized the MDA content in prefrontal cortex, and 
dropped it drastically below the control: PB from 2.5 to 3.5 
times in the striatum, hippocampus and hypothalamus 
respectively). This may cause a decrease in the 
physiological level of oxidant challenge that is essential for 
governing life processes through redox signaling.36 In this 
respect the antioxidant effect of PBZ is more acceptable. 

However, probiotics significantly inhibit lipid 
peroxidation preventing oxidative damage in the regions of 
corticolimbic system that may also contribute to their 
attenuation of histopathological changes in the brain and 
prevention mood disturbances following DSS-
NUC.Immune-inflammatory processes are one of the main 
causes of destabilization of the barrier function of intestine 
and brain. Despite the known protective role of intestinal 
glee in natural immunity, it can be activated by any pro-

inflammatory stimulus, acting as an antigen present in cells 
and provoking the synthesis of a variety of cytokines. 
Moreover, the intestinal glia expresses iNOS and L-arginine 
necessary for the synthesis of nitric oxide (NO), which 
possesses both protective functions against foreign antigens 
(viruses and bacteria) and pro-inflammatory properties. The 
protective role of the intestinal nervous system is 
determined by the ability of glee and neurons to express Toll 
receptors (TLR) that recognize microbial and viral 
pathogens. Binding to the receptor initiates the activation of 
NF-kB and the transcription of the inflammatory response 
genes responsible for the synthesis of mediators, including 
cytokines, which ensure the elimination of the infectious 
agent, and also regulates epithelial proliferation and its 
permeability. TLR3 and TLR7 recognizing viral RNA and 
TLR4 recognizing LPS are detected in intestinal fibrillation, 
dorsal spinal ganglia of mice and in the ganglion of the 
vagus nerve. Thus, the intestinal nervous system can be 
directly activated by bacterial and viral components, 
carrying out the first line of intestinal wall protection and 
signaling to the brain in the presence of a threat. 
Deregulation of inflammation leads to hyper production of 
cytokines, oxygen metabolites and disruption of the barrier 
function both of the intestine and the brain. This occurs with 
systemic inflammation, an indicator of which is an increase 
C-reactive protein in the blood. Systemic inflammation, as a 
rule, leads to an increase in LPS in the brain, in those areas 
where the blood-brain barrier is absent, in the ventricular 
zones and nearby structures rich in vascular plexuses.37 

Circulating LPS first reaches organs lacking a blood-brain 
barrier and induces transcription of its own CD14 receptor 
in the parenchymal structures surrounding the ventricles of 
the brain and then reaches distant brain structures (in the 
most severe lesion). Chronic endotoxinemia forms a stable 
inflammatory condition in the circulatory zones of the brain 
with subsequent destabilization of the blood-brain barrier 
and the spread of inflammation to other parts of the brain, 
which results in the development of neuron-degeneration.38 

CONCLUSION 

In conclusion, the selected strains of probiotics with 
psychological, antifungal activities in free form and 
immobilized on the micronized zeolite based composition of 
chemically modified natural minerals may decrease NUC 
disease activity index score, improve some of the symptoms 
associated with NUC, effectively restore gut microbiota 
balance, alleviate symptoms associated with 
depression/anxiety and histopathological changes in colon 
and brain, and protect against oxidative stress via inhibition 
of lipid peroxidation in the colon, blood and regions of 
corticolimbic system following DSS-NUC.   
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