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ABSTRACT 

Objectives:  There have been taken rheological indices of the ointment and gel containing 

dry extracts obtained from Curcuma Longa L. and Ferula asafetida L. 

Materials and Methods: According to rheological indices are one of the main quality 

normative of the  ointment and gel, there have been studied their elasticity, viscosity and 

plasticity properties. There have been conducted experiments on the instrument Rheotest-2 

(Germany) by using cell system “cylinder-cylinder” S/S1 (cell constant z=5,6) at the 

temperature 25 
о 

С, 40 
о 
С, 55 

о 
С. 

Results: According to the results of the researches, there have been determined that 

viscous stream activity energy of the ointment is 26,6 kJ / mol, viscous stream activity 

energy of the gel is 23,3 kJ / mol, and it is coincided with viscous stream activity energy 

level of the ointments and gels. 

Conclusion: There has been decided to consider that these contents are perspective 

according to  the rheological properties of the suggested ointments and gels.  

 

Keywords: Curcuma Longa L., Ferula asafetida L., ointment, gel, rheological research, 

effective viscosity, activation energy of viscose, mechanical stability. 

 

1. INTRODUCTION 

 

There has been considered, that it is important not only increasing concentration for 

achieving a high therapeutic effect, but it is important the optimal content and correct 

combinating medicinal substances.        

The dry extract of the medicinal plant Curcuma (Curcuma Longa L.) has anti-inflammatory 

and anesthetic effects and it is used for treating such widespread diseases like arthritis, 

osteoarthritis and others
1,8

. According to these properties it is considered as a perspective raw 

material. The main active substances of the medicinal plant Curcuma (Curcuma Longa L.) 
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are curcumin, demetoxicurcumin, bismetoxicurcumin, and they are used for inhibiting effect 

of the inflammable neutrophils, and they are also used for decreasing inflammation in the 

joints
2,4,7,10

.  

There have been prepared powders for oral taking and decoctions from roots and fruits of the 

medicinal plant  Ferula  (Ferula asafetida L.)
5
. Decoctions, obtained from roots, leaves and 

fruits are used for bandaging to the skin
9
.  Its resin is used for treating asthma, convulsions 

and as sedative in the scientific medicine
6
. It is also used for removing helminthes in the folk 

medicine
11

.  

The main quality indices of the semisolid medicinal forms for local application are elasticity, 

effective viscosity, plasticity, activation energy of viscose, mechanical stability and these 

indices determine their consistency and the level of their application to the skin.  

According to given above information there has been studied the rheological properties of the 

ointment and gel obtained from roots and rhizomes of  Curcuma Longa L. and Ferula 

asafetida L. by the modern circulation method developed on the base of dry extracts 

technology
3
.   

 

2. MATERIALS AND METHODS  

 

There have been conducted experiments on the instrument Rheotest-2 (Germany) by 

using cell system “cylinder-cylinder” S/S1 (cell constant z=5,6) at the temperature 25 
о 
С, 40 

о 

С, 55 
о 

С. Determination of the viscosity of non-Newtonian fluids under simulated conditions 

determines the conditions of use and storage of lubricants. Since the proposed grease is a 

non-Newtonian fluid, its main indicator hysteresis effect was studied. 

  The determined effective viscosity values of the grease as a result of the studies are 

given in Table 1.  

Table 1  

t = 25 
o 
C  

 

t = 40 
o 
C 

№  *  = 

*z, Pа 

* = 

*z, Pа 

, с
-1

 ηeff, 

Pа.с 

ηeff ,* 

Pа.с 

lnηeff ., 

Pа.с 

lnη 

eff.*, 

Pа.с 

1а 8 7 44,8 39,2 3 14,93 13,07 2,68 2,67 

2а 10 9 56,0 50,4 5,4 10,37 9,33 2,28 2,24  

3а 12 11 67,2 61,6 9 7,47 6,84 2,15 1,92 

4а 16 15 89,6 84,0 16,2 5,53 5,19 1,71 1,73 

5а 21 20 117,6 112,0 27 4,36 4,15 1,47 1,42 

 6а 28 26 156,8 145,6 48,6 3,23 2,99 1,17 1,09 

7а 38 36 212,8 201,6 81 2,63 2,49 0,97 0,91 

 8а 52 49 291,2 274,4 145,8 1,99 1,88 0,69 0,63 

9а 68 63 380,8 352,8 243 1,57 1,45 0,45 0,37 

10а 90 89, 503,1 497,7 437,4 1,15 1,14 0,14 0,13 

№  *  = 

*z, Pа 

* = 

*z, Pа 

, с
-1

 ηeff, 

Pа.с 

ηeff ,* 

Pа.с 

lnηeff ., 

Pа.с 

lnη 

eff.*, 

Pа.с 

1а 5 7 28 39,2 3 9,33 13,06 2,32 2,29 

2а 8 6 44,8 33,6 5,4 8,29 6,22 2,92 1,89 

3а 10 7 56,0 39,2 9 6,22 4,36 1.82 1,78 
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t = 55 
o 
C  

          On the base of obtained results there have been made rheogrammes of the effective 

viscosity (lnȠeff.) according to the velocity gradient ()  at the different temperatures 25 
о 

С, 

40 
о 
С, 55 

о 
С, given in the picture 2.  
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lnheff., Ра.с 

, c-1 

25 °C

25 °C*

40 °C

40 °C*

55 °C

55 °C*

4а 12 9 67,2 50,4 16,2 4,15 3,11 1,42 1,36 

5а 14 18 78,4 100,8 27 2,90 3,73 1,07 1,02 

 6а 19 23 106,4 128,8 48,6 2,19 2,65 0,78 0,71 

7а 26 23 145,6 128,8 81 1,79 1,59 0,58 0,46 

 8а 37 33 207,2 184,8 145,8 1,42 1,27 0,32 0,24 

9а 59 45 330,4 252 243 1,36 1,04 0,12 0,04 

 10а 69 64 386,4 358,4 437,4 0,88 0,82 -0,16 -0,20 

№  *  = 

*z, Pа 

* = 

*z, Pа 

, с
-1

 ηeff, 

Pа.с 

ηeff ,* 

Pа.с 

lnηeff ., 

Pа.с 

lnη 

eff.*, 

Pа.с 

1а 4 4 22,4 22,4 3 7,47 7,47 2,01 2,01 

2а 5 4 28,0 22,4 5,4 5,19 4,15 1,65 1,61 

3а 6 5 33,6 28,0 9 3,73 3,11 1,52 1,47 

4а 8 7 44,8 39,2 16,2 2,77 2,42 1,08 0,02 

5а 10 9 56 50,4 27 2,07 1,87 0,73 0,62 

 6а 12 12 67,2 67,2 48,6 1,38 1,38 0,39 0,32 

7а 17 16 95,2 89,6 81 1,18 1,11 0,16 0,10 

 8а 24 24 134,4 134,4 145,8 0,92 0,92 -0,08 -0,12 

9а 32 32 179,2 178,2 243 0,74 0,74 -0,30 -0,34 

 10а 47 47 263,2 263,2 437,4 0,60 0,60 -0,51 -0,52 
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Picture2. Logarithm dependence of the effective viscosity ( eff.) on the velocity 

gradient () of the displacement stream for the ointment at the different temperatures: 

 Here 25 
о 
С, 40 

о 
С, 55 

о 
С at the direct measuring (at increasing ), 

 25 
о 
С*, 40 

о 
С*, 55 

о 
С* at the reverse measuring (at decreasing ). 

     It is indicated, in all cases of increasing influence of the displacement field, that is with the 

increasing velocity gradient there has been observed non-rectilinear decreasing lnȠeff, 

moreover, there has been occurred perceptible rapid decreasing to achieve   60 c
-1

, then 

moderate slow decreasing lnȠeff  to   500 c
-1

. In this case there has been observed essential 

influence of the temperature to the viscosity (that is to the fluidity) of the gel and with the 

increasing temperature the rheogramme  shifts to the area of the small meanings lnȠeff. and 

large meanings   .  
There has been revealed that curved dependences that is rheogrammes perceptibly differ 

according to the effective viscosity indices  lnȠeff.  at the direct measuring (at increasing 

meaning ) and reverse measuring (at decreasing meaning ) its meanings in the displacement 

field. It is particularly vivid shown in the interval   = 40 – 400 с
-1

 in order to slight hysteresis 

effect. It is testified to structuring, perceptible deformative-regulated structure-forming gel at 

the influence of the displacement field in the chosen temperature area. For analyzing presence 

of the hysteresis effect there have been made rheogrammes in the form of the velocity 

gradient dependence () from the displacement tension () for gel at the different 

temperatures (piсture 2). 

 

Рiсture 2.  Velocity gradient dependence ( ) from the displacement tension ( ) for the 

gel. 

It is also indicated the vivid manifestation of the hysteresis effect at the temperatures 25 
о
С, 

40 
о
С, 55

о
С, which confirms the structural changes in the gel in the field of the gradient 
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velocity  40 – 400 с
-1

. It apparently occurs perceptible rapid destroying structure of the gel in 

the field of the gradient velocity and temperature.   

In the chart of the picture 2 there have been determined quantities of the limit displacement 

tension ( limit) and a limit flowing tension ( k) and there have been calculated meanings of 

the mechanical stability МS= k / пр at the different temperatures (t, 
o
C). 

 

t, 
o
C  limit, Pа k, Pа МS 

25 52 100 1,92 

40 28,6 50 1,75 

55 12,4 20 1,61 

There have been determined meanings of the dynamic viscosity ( ) in the picture 1 by 

conducting extrapolation    0 on condition, that lnȠeff. .  

 = 2,85 Pа.с.     = 17,30 Pа.с.   at  25 
о
С,    Т = 298 К   1/Т = 3,3*10

-3
 К 

 = 2,50 Pа.с.     = 12,18 Pа.с.  at  40 
о
С,    Т = 313 К  1/Т = 3,19*10

-3
 К 

 = 2,15 Pа.с.     = 8,58 Pа.с.    at  55 
о
С,    Т = 328 К   1/Т = 3,05*10

-3
 К 

 

Picture 3. Dependence of the dynamic viscosity (Ƞ) from the temperature (t) for the gel. 

There has been made the dependence Pа.с from the reversible temperature according to 

the formula of Frenkel-Airing  lnh = lnA + Ea/RT  (picture 4). Here lnA –coefficient, Ea – 

activation energy of viscose flowing; R = 8,31 – universal gas constant. 

  

5

10

15

20

20 30 40 50 60

h, Pа.с 

t, oC 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3350 

 

 

Picture 4. Dependence of the logarithm dynamic viscosity ( ) from the reversible 

temperature (1/Т) for the gel. 

The next step in our research was to identify the structural and mechanical parameters of 

curcuma ointment. There have been conducted experiments on the instrument Rheotest-2 

(Germany) by using cell system “cylinder-cylinder” S/S1 (cell constant z=5,6) at the 

temperature 25
о
С, 40

о
С, 55 

о
С. 

t = 25 
o
C  

t = 40 
o
C 

2

2.25

2.5

2.75

3

3 3.1 3.2 3.3 3.4

lnh, Pа.с 

1/T*10-3, 1/K 

№  *  = 

*z, Pа 

* = 

*z, Pа 

, с
-1

 ηeff, 

Pа.с 

ηeff ,* 

Pа.с 

lnηeff ., 

Pа.с 

lnη 

eff.*, 

Pа.с 

1а 10 10 56 56 3 18,67 18,67 2,92 2,92 

2а 12 11 67,0 61,4 5,4 12,44 11,33 2,52 2,43  

3а 14 13 78,4 72,6 9 8,71 8,10 2,16 2,09 

4а 18 16 100,6 89,6 16,2 6,22 5,53 1,82 1,71 

5а 23 21 128,6 117,6 27 4,77 4,35 1,56 1,47 

 6а 30 27 168 151,2 48,6 3,46 3,11 1,24 1,13 

7а 43 39 240,8 218,6 81 2,97 2,69 1,09 0,99 

 8а 57 52 319,2 291,4 145,8 2,19 1,99 0,78 0,69 

9а 75 70 420 392 243 1,73 1,61 0,55 0,47 

10а 92 92 515,1 515 437,4 1,18 1,18 0,16 0,16 

№  *  = 

*z, Pа 

* = 

*z, Pа 

, с
-1

 ηeff, 

Pа.с 

ηeff ,* 

Pа.с 

lnηeff ., 

Pа.с 

lnη 

eff.*, 

Pа.с 

1а 8 8 44,8 39,2 3 14,93 14,93 2,70 2,70 

2а 10 9 56,0 50,6 5,4 10,39 9,33 2,34 2,23 

3а 12 10 67,2 56 9 7,47 6,22 2.02 1,82 

4а 15 13 84,2 72,4 16,2 5,18 4,49 1,65 1,51 
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t = 55 
o
C  

On the base of obtained results there have been made rheogrammes of the effective viscosity 

( eff.)according to the velocity gradient ()  at the different temperatures 25
о
С, 40

о
С, 55 

о
С, 

given in the picture 5.  

 

Picture 5. Logarithm dependence of the effective viscosity ( eff.) on the velocity 

gradient () of the displacement stream for the ointment at the different temperatures: 

 Here 25 
о
С, 40 

о
С, 55 

о
С at the direct measuring (at increasing ), 
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lnheff., Pа.с 

, c-1 

25 °C

25 °C*

40 °C

40 °C*

55 °C

55 °C*

5а 19 16 106,4 89,8 27 3,94 3,33 1,37 1,19 

 6а 23 20 128,4 112,0 48,6 2,65 2,30 0,97 0,83 

7а 26 23 145,6 128,8 81 1,79 1,59 0,58 0,46 

 8а 37 34 207,2 190,8 145,8 1,42 1,31 0,35 0,27 

9а 60 56 336,4 313 243 1,38 1,28 0,32 0,24 

 10а 72 71 403,4 397,4 437,4 0,92 0,90 -0,08 -0,096 

№  *  = 

*z, Pа 

* = 

*z, Pа 

, с
-1

 ηeff, 

Pа.с 

ηeff ,* 

Pа.с 

lnηeff ., 

Pа.с 

lnη 

eff.*, 

Pа.с 

1а 6 5,5 33,4 33,2 3 11,3 11,2 2,41 2,40 

2а 7 6 39,2 33,6 5,4 7,26 6,25 1,98 1,83 

3а 10 8 56 44,8 9 6,22 4,98 1,82 1,60 

4а 12 11 67,2 61,6 16,2 4,15 3,80 1,42 1,34 

5а 13 12 72 67,4 27 2,69 2,49 0,99 0,91 

 6а 16 14 89,6 78,2 48,6 1,84 1,64 0,61 0,48 

7а 20 18 112,2 100,8 81 1,38 1,28 0,32 0,22 

 8а 25 23 140,4 128,4 145,8 0,96 0,88 -0,04 -0,12 

9а 33 30 184,2 168,2 243 0,76 0,69 -0,37 -0,37 

 10а 50 49 280,2 275,2 437,4 0,62 0,64 -0,47 -0,46 
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 25 
о
С*, 40 

о
С*, 55 

о
С* at the reverse measuring (at decreasing ). 

     It is indicated, in all cases of increasing influence of the displacement field, that is with the 

increasing velocity gradient there has been observed non-rectilinear decreasing eff., 

moreover, there has been occurred perceptible rapid decreasing to achieve   40 c
-1

, then 

moderate slow decreasing eff  to   500 c
-1

. In this case there has been observed essential 

influence of the temperature to the viscosity (that is to the fluidity) of the ointment and with 

the increasing temperature the rheogramme  shifts to the area of the small meanings eff  

and large meanings  .  
There has been revealed that curved dependences that is rheogrammes perceptibly differ 

according to the effective viscosity indices  eff  at the direct measuring (at increasing 

meaning ) and reverse measuring (at decreasing meaning ) its meanings in the displacement 

field. It is particularly vivid shown in the interval   = 50 – 500 с
-1

 in order to slight hysteresis 

effect. It is testified to structuring, perceptible deformative-regulated structure-forming 

ointment at the influence of the displacement field in the chosen temperature area. For 

analyzing presence of the hysteresis effect there have been made rheogrammes in the form of 

the velocity gradient dependence () from the displacement tension () for ointment at the 

different temperatures (piсture 6). 

 

Рiсture 6.  Velocity gradient dependence ( ) from the displacement tension ( ) for the 

ointment. 

It is also indicated the vivid manifestation of the hysteresis effect at the temperatures 25 
о
С, 

40 
о
С, 55

о
С, which confirms the structural changes in the ointment in the field of the gradient 

velocity 50 – 300 с
-1

. It apparently occurs perceptible rapid destroying structure of the gel in 

the field of the gradient velocity and temperature.   

0

100

200

300

400

500

0 100 200 300 400 500 600

s , Па

 , с
-1

25oC

25oC*

40oC

40oC*

55oC

55oC*



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3353 

 

In the chart of the picture 6 there have been determined quantities of the limit displacement 

tension (τlimit) and a limit flowing tension (τk) and there have been calculated meanings of the 

mechanical stability МS = τk /τпр at the different temperatures (t, 
o
C). 

t, 
o
C limit, Pа k, Pа МS 

25 56 115 2,05 

40 45 85 1,88 

55 33 55 1,67 

 

There have been determined meanings of the dynamic viscosity (Ƞ) in the picture 5 by 

conducting extrapolation    0 on condition, that lnȠeff.  ln Ƞ. 

ln Ƞ = 3,20 Pа.с.    Ƞ = 24,53 Pа.с.   at 25 
о
С,   Т = 298 К   1/Т = 3,3*10

-3
 К 

ln Ƞ = 2,80 Pа.с.    Ƞ = 16,45 Pа.с.  at 40 
о
С,   Т = 313 К  1/Т = 3,19*10

-3
 К 

ln Ƞ = 2,40 Pа.с.    Ƞ = 11,02 Pа.с.    at 55 
о
С,    Т = 328 К   1/Т = 3,05*10

-3
 К 

 

Picture 7. Dependence of the dynamic viscosity (Ƞ ) from the temperature (t) for the 

ointment. 

There has been made the dependence lnȠ, Pа.с from the reversible temperature according to 

the formula of Frenkel-Airing  lnh = lnA + Ea/RT  (picture 8). Here lnA –coefficient, Ea – 

activation energy of viscose flowing; R = 8,31 – universal gas constant.  
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Picture 8. Dependence of the logarithm dynamic viscosity (lnȠ) from the reversible 

temperature (1/Т) for the ointment. 

Results: As a result of the research, the viscous flow activity energy of the grease and gel 

was calculated: 

From the slope of the curve dependence (pic.4) lnh  - 1/T there has been found a = Ea/R  

a = Ea/R = (2,85 – 2,15)/(3,30 – 3,05)*10
-3

 = 2,8*10
3
 

and there has been calculated the meaning of the activation energy of viscose flowing Ea 

equal 

Ea = aR = 2,8*8,31*10
3
 = 23268 J / mol = 23.3 kJ / mol 

From the slope of the curve dependence (pic.8) lnh  - 1/T there has been found a = Ea/R  

a = Ea/R = (3,20 – 2,40)/(3,30 – 3,05)*10
-3

 = 3,2*10
3
 

and there has been calculated the meaning of the activation energy of viscose flowing Ea 

equal 

Ea = aR = 3,2*8,31*103 = 26592 J / mol = 26,6 kJ / mol 

According to the results of the researches, there have been determined that viscous stream 

activity energy of the ointment is 26,6 kJ / mol, viscous stream activity energy of the gel is 

23,3 kJ / mol, and it is coincided with viscous stream activity energy level of the ointments 

and gels.  

 

3. CONCLUSION:  
 

There has been decided to consider that these contents are perspective according to the 

rheological properties of the suggested ointments and gels. 

 

Acknowledgements: We thank the “Med Standard” Limited Liability Company for their 

financial support. 

 

2

2.25

2.5

2.75

3

3.25

3.5

3 3.1 3.2 3.3 3.4

lnh, Pа.с 

1/T*10-3, 1/K 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3355 

 

REFERENCES:  

[ 1] Kant, N., Saralch, S., & Singh, H. (2011). Ponderomotive self-focusing of a short laser 

pulse under a plasma density ramp. Nukleonika, 56, 149-153. 

[ 2] Patyar, S., & Patyar, R. R. (2015). Correlation between sleep duration and risk of 

stroke. Journal of Stroke and Cerebrovascular Diseases, 24(5), 905-911. 

[ 3] Khamparia, A., & Pandey, B. (2015). Knowledge and intelligent computing methods in 

e-learning. International Journal of technology enhanced learning, 7(3), 221-242. 

[ 4] Singh, A., Lin, Y., Quraishi, M. A., Olasunkanmi, L. O., Fayemi, O. E., Sasikumar, Y., 

... & Kabanda, M. M. (2015). Porphyrins as corrosion inhibitors for N80 Steel in 3.5% 

NaCl solution: Electrochemical, quantum chemical, QSAR and Monte Carlo 

simulations studies. Molecules, 20(8), 15122-15146. 

[ 5] Singh, S., Kumar, V., Upadhyay, N., Singh, J., Singla, S., & Datta, S. (2017). Efficient 

biodegradation of acephate by Pseudomonas pseudoalcaligenes PS-5 in the presence 

and absence of heavy metal ions [Cu (II) and Fe (III)], and humic acid. 3 Biotech, 7(4), 

262. 

[ 6] Mia, M., Singh, G., Gupta, M. K., & Sharma, V. S. (2018). Influence of Ranque-Hilsch 

vortex tube and nitrogen gas assisted MQL in precision turning of Al 6061-

T6. Precision Engineering, 53, 289-299. 

[ 7] Prakash, C., Singh, S., Pabla, B. S., & Uddin, M. S. (2018). Synthesis, characterization, 

corrosion and bioactivity investigation of nano-HA coating deposited on biodegradable 

Mg-Zn-Mn alloy. Surface and Coatings Technology, 346, 9-18. 

[ 8] Feng, X., Sureda, A., Jafari, S., Memariani, Z., Tewari, D., Annunziata, G., ... & 

Sychrová, A. (2019). Berberine in cardiovascular and metabolic diseases: from 

mechanisms to therapeutics. Theranostics, 9(7), 1923. 

[ 9] Bashir, S., Sharma, V., Lgaz, H., Chung, I. M., Singh, A., & Kumar, A. (2018). The 

inhibition action of analgin on the corrosion of mild steel in acidic medium: A 

combined theoretical and experimental approach. Journal of Molecular Liquids, 263, 

454-462. 

[ 10] Sidhu, G. K., Singh, S., Kumar, V., Dhanjal, D. S., Datta, S., & Singh, J. (2019). 

Toxicity, monitoring and biodegradation of organophosphate pesticides: a 

review. Critical Reviews in Environmental Science and Technology, 49(13), 1135-1187. 

[ 11] Nanda, V., & Kant, N. (2014). Enhanced relativistic self-focusing of Hermite-cosh-

Gaussian laser beam in plasma under density transition. Physics of Plasmas, 21(4), 

042101. 

[ 12] Kotla, N. G., Gulati, M., Singh, S. K., & Shivapooja, A. (2014). Facts, fallacies and 

future of dissolution testing of polysaccharide based colon-specific drug 

delivery. Journal of Controlled Release, 178, 55-62. 

[ 13] Farooq, R., & Shankar, R. (2016). Role of structural equation modeling in scale 

development. Journal of Advances in Management Research. 

[ 14] Singh, S., Ramakrishna, S., & Gupta, M. K. (2017). Towards zero waste manufacturing: 

A multidisciplinary review. Journal of cleaner production, 168, 1230-1243. 

[ 15] Mahla, S. K., Dhir, A., Gill, K. J., Cho, H. M., Lim, H. C., & Chauhan, B. S. (2018). 

Influence of EGR on the simultaneous reduction of NOx-smoke emissions trade-off 

under CNG-biodiesel dual fuel engine. Energy, 152, 303-312. 

[ 16] Nanda, V., Kant, N., & Wani, M. A. (2013). Self-focusing of a Hermite-cosh Gaussian 

laser beam in a magnetoplasma with ramp density profile. Physics of Plasmas, 20(11), 

113109. 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3356 

 

[ 17] Kaur, P., Singh, S. K., Garg, V., Gulati, M., & Vaidya, Y. (2015). Optimization of spray 

drying process for formulation of solid dispersion containing polypeptide-k powder 

through quality by design approach. Powder Technology, 284, 1-11. 

[ 18] Sharma, D., & Saharan, B. S. (2016). Functional characterization of biomedical 

potential of biosurfactant produced by Lactobacillus helveticus. Biotechnology 

Reports, 11, 27-35. 

[ 19] Wani, A. B., Chadar, H., Wani, A. H., Singh, S., & Upadhyay, N. (2017). Salicylic acid 

to decrease plant stress. Environmental Chemistry Letters, 15(1), 101-123. 

[ 20] Mishra, V., Patil, A., Thakur, S., & Kesharwani, P. (2018). Carbon dots: emerging 

theranostic nanoarchitectures. Drug discovery today, 23(6), 1219-1232. 

[ 21] Kumar, V., Pitale, S. S., Mishra, V., Nagpure, I. M., Biggs, M. M., Ntwaeaborwa, O. 

M., & Swart, H. C. (2010). Luminescence investigations of Ce3+ doped CaS 

nanophosphors. Journal of alloys and compounds, 492(1-2), L8-L12. 

[ 22] Pudake, R. N., Swaminathan, S., Sahu, B. B., Leandro, L. F., & Bhattacharyya, M. K. 

(2013). Investigation of the Fusariumvirguliformefvtox1 mutants revealed that the 

FvTox1 toxin is involved in foliar sudden death syndrome development in 

soybean. Current genetics, 59(3), 107-117. 

[ 23] Kapoor, B., Singh, S. K., Gulati, M., Gupta, R., & Vaidya, Y. (2014). Application of 

liposomes in treatment of rheumatoid arthritis: quo vadis. The scientific world 

Journal, 2014. 

[ 24] Haldhar, R., Prasad, D., & Saxena, A. (2018). Myristica fragrans extract as an eco-

friendly corrosion inhibitor for mild steel in 0.5 M H2SO4 solution. Journal of 

Environmental Chemical Engineering, 6(2), 2290-2301. 

[ 25] Bordoloi, N., Sharma, A., Nautiyal, H., & Goel, V. (2018). An intense review on the 

latest advancements of Earth Air Heat Exchangers. Renewable and Sustainable Energy 

Reviews, 89, 261-280. 

[ 26] Sharma, P., Mehta, M., Dhanjal, D. S., Kaur, S., Gupta, G., Singh, H., ... & Chellappan, 

D. K. (2019). Emerging trends in the novel drug delivery approaches for the treatment 

of lung cancer. Chemico-biological interactions, 309, 108720. 

[ 27] Goga, G., Chauhan, B. S., Mahla, S. K., & Cho, H. M. (2019). Performance and 

emission characteristics of diesel engine fueled with rice bran biodiesel and n-

butanol. Energy Reports, 5, 78-83. 

[ 28] Umashankar, M. S., Sachdeva, R. K., & Gulati, M. (2010). Aquasomes: a promising 

carrier for peptides and protein delivery. Nanomedicine: Nanotechnology, Biology and 

Medicine, 6(3), 419-426. 

[ 29] Sharma, A., Shree, V., & Nautiyal, H. (2012). Life cycle environmental assessment of 

an educational building in Northern India: A case study. Sustainable Cities and 

Society, 4, 22-28. 

[ 30] Kaur, T., Kumar, S., Bhat, B. H., Want, B., & Srivastava, A. K. (2015). Effect on 

dielectric, magnetic, optical and structural properties of Nd–Co substituted barium 

hexaferrite nanoparticles. Applied Physics A, 119(4), 1531-1540. 

[ 31] Datta, S., Singh, J., Singh, S., & Singh, J. (2016). Earthworms, pesticides and 

sustainable agriculture: a review. Environmental Science and Pollution Research, 23(9), 

8227-8243. 

[ 32] Vij, S., & Bedi, H. S. (2016). Are subjective business performance measures 

justified?. International Journal of Productivity and Performance Management. 

[ 33] Chawla, R., & Sharma, S. (2017). Molecular dynamics simulation of carbon nanotube 

pull-out from polyethylene matrix. Composites Science and Technology, 144, 169-177. 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3357 

 

[ 34] Prakash, C., & Uddin, M. S. (2017). Surface modification of β-phase Ti implant by 

hydroaxyapatite mixed electric discharge machining to enhance the corrosion resistance 

and in-vitro bioactivity. Surface and Coatings Technology, 326, 134-145. 

[ 35] Saxena, A., Prasad, D., & Haldhar, R. (2018). Investigation of corrosion inhibition 

effect and adsorption activities of Cuscuta reflexa extract for mild steel in 0.5 M 

H2SO4. Bioelectrochemistry, 124, 156-164. 

[ 36] Prabhakar, P. K., Kumar, A., & Doble, M. (2014). Combination therapy: a new strategy 

to manage diabetes and its complications. Phytomedicine, 21(2), 123-130. 

[ 37] Wheeler, K. C., Jena, M. K., Pradhan, B. S., Nayak, N., Das, S., Hsu, C. D., ... & 

Nayak, N. R. (2018). VEGF may contribute to macrophage recruitment and M2 

polarization in the decidua. PLoS One, 13(1), e0191040. 

[ 38] Singh, A., Lin, Y., Ansari, K. R., Quraishi, M. A., Ebenso, E. E., Chen, S., & Liu, W. 

(2015). Electrochemical and surface studies of some Porphines as corrosion inhibitor 

for J55 steel in sweet corrosion environment. Applied Surface Science, 359, 331-339. 

[ 39] Gill, J. P. K., Sethi, N., Mohan, A., Datta, S., & Girdhar, M. (2018). Glyphosate toxicity 

for animals. Environmental Chemistry Letters, 16(2), 401-426. 

[ 40] Kumar, V., Singh, S., Singh, J., & Upadhyay, N. (2015). Potential of plant growth 

promoting traits by bacteria isolated from heavy metal contaminated soils. Bulletin of 

environmental contamination and toxicology, 94(6), 807-814. 

[ 41] Patel, S. (2012). Potential of fruit and vegetable wastes as novel biosorbents: 

summarizing the recent studies. Reviews in Environmental Science and 

Bio/Technology, 11(4), 365-380. 

[ 42] Srivastava, G., Das, C. K., Das, A., Singh, S. K., Roy, M., Kim, H., ... & Philip, D. 

(2014). Seed treatment with iron pyrite (FeS 2) nanoparticles increases the production 

of spinach. RSC Advances, 4(102), 58495-58504. 

[ 43] Nagpal, R., Behare, P. V., Kumar, M., Mohania, D., Yadav, M., Jain, S., ... & Henry, C. 

J. K. (2012). Milk, milk products, and disease free health: an updated overview. Critical 

reviews in food science and nutrition, 52(4), 321-333. 

[ 44] Vaid, S. K., Kumar, B., Sharma, A., Shukla, A. K., & Srivastava, P. C. (2014). Effect of 

Zn solubilizing bacteria on growth promotion and Zn nutrition of rice. Journal of soil 

science and plant nutrition, 14(4), 889-910. 

[ 45] Lin, Y., Singh, A., Ebenso, E. E., Wu, Y., Zhu, C., & Zhu, H. (2015). Effect of poly 

(methyl methacrylate-co-N-vinyl-2-pyrrolidone) polymer on J55 steel corrosion in 3.5% 

NaCl solution saturated with CO2. Journal of the Taiwan Institute of Chemical 

Engineers, 46, 214-222. 

[ 46] Mahesh, K. V., Singh, S. K., & Gulati, M. (2014). A comparative study of top-down 

and bottom-up approaches for the preparation of nanosuspensions of glipizide. Powder 

technology, 256, 436-449. 

[ 47] Singh, G., Gupta, M. K., Mia, M., & Sharma, V. S. (2018). Modeling and optimization 

of tool wear in MQL-assisted milling of Inconel 718 superalloy using evolutionary 

techniques. The International Journal of Advanced Manufacturing Technology, 97(1-4), 

481-494. 

[ 48] Chauhan, C. C., Kagdi, A. R., Jotania, R. B., Upadhyay, A., Sandhu, C. S., Shirsath, S. 

E., & Meena, S. S. (2018). Structural, magnetic and dielectric properties of Co-Zr 

substituted M-type calcium hexagonal ferrite nanoparticles in the presence of α-Fe2O3 

phase. Ceramics International, 44(15), 17812-17823. 

[ 49] Sharma, A., Shahzad, B., Kumar, V., Kohli, S. K., Sidhu, G. P. S., Bali, A. S., ... & 

Zheng, B. (2019). Phytohormones regulate accumulation of osmolytes under abiotic 

stress. Biomolecules, 9(7), 285. 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3358 

 

[ 50] Balakumar, P., Chakkarwar, V. A., Kumar, V., Jain, A., Reddy, J., & Singh, M. (2008). 

Experimental models for nephropathy. Journal of the Renin-Angiotensin-Aldosterone 

System, 9(4), 189-195. 

[ 51] Singh, A., Lin, Y., Liu, W., Kuanhai, D., Pan, J., Huang, B., ... & Zeng, D. (2014). A 

study on the inhibition of N80 steel in 3.5% NaCl solution saturated with CO2 by fruit 

extract of Gingko biloba. Journal of the Taiwan Institute of Chemical Engineers, 45(4), 

1918-1926. 

[ 52] Kaur, T., Kaur, B., Bhat, B. H., Kumar, S., & Srivastava, A. K. (2015). Effect of 

calcination temperature on microstructure, dielectric, magnetic and optical properties of 

Ba0. 7La0. 3Fe11. 7Co0. 3O19 hexaferrites. Physica B: Condensed Matter, 456, 206-

212. 

[ 53] Singh, P., Singh, A., & Quraishi, M. A. (2016). Thiopyrimidine derivatives as new and 

effective corrosion inhibitors for mild steel in hydrochloric acid: Electrochemical and 

quantum chemical studies. Journal of the Taiwan Institute of Chemical Engineers, 60, 

588-601. 

[ 54] Anand, A., Patience, A. A., Sharma, N., & Khurana, N. (2017). The present and future 

of pharmacotherapy of Alzheimer’s disease: A comprehensive review. European 

journal of pharmacology, 815, 364-375. 

[ 55] Saxena, A., Prasad, D., Haldhar, R., Singh, G., & Kumar, A. (2018). Use of Sida 

cordifolia extract as green corrosion inhibitor for mild steel in 0.5 M H2SO4. Journal of 

environmental chemical engineering, 6(1), 694-700. 

[ 56] Ahmadi, M. H., Ghazvini, M., Sadeghzadeh, M., Alhuyi Nazari, M., Kumar, R., 

Naeimi, A., & Ming, T. (2018). Solar power technology for electricity generation: A 

critical review. Energy Science & Engineering, 6(5), 340-361. 

[ 57] Kant, N., Wani, M. A., & Kumar, A. (2012). Self-focusing of Hermite–Gaussian laser 

beams in plasma under plasma density ramp. Optics Communications, 285(21-22), 

4483-4487. 

[ 58] Gupta, V. K., Sethi, B., Upadhyay, N., Kumar, S., Singh, R., & Singh, L. P. (2011). 

Iron (III) selective electrode based on S-methyl N-(methylcarbamoyloxy) 

thioacetimidate as a sensing material. Int. J. Electrochem. Sci, 6, 650-663. 

[ 59] Mehta, C. M., Srivastava, R., Arora, S., & Sharma, A. K. (2016). Impact assessment of 

silver nanoparticles on plant growth and soil bacterial diversity. 3 Biotech, 6(2), 254. 

[ 60] Gupta, V. K., Guo, C., Canever, M., Yim, H. R., Sraw, G. K., & Liu, M. (2014). 

Institutional environment for entrepreneurship in rapidly emerging major economies: 

the case of Brazil, China, India, and Korea. International Entrepreneurship and 

Management Journal, 10(2), 367-384. 

[ 61] Singh, A., Lin, Y., Obot, I. B., Ebenso, E. E., Ansari, K. R., & Quraishi, M. A. (2015). 

Corrosion mitigation of J55 steel in 3.5% NaCl solution by a macrocyclic 

inhibitor. Applied Surface Science, 356, 341-347. 

[ 62] Ansari, K. R., Quraishi, M. A., Singh, A., Ramkumar, S., & Obote, I. B. (2016). 

Corrosion inhibition of N80 steel in 15% HCl by pyrazolone derivatives: 

electrochemical, surface and quantum chemical studies. RSC advances, 6(29), 24130-

24141. 

[ 63] Jnawali, P., Kumar, V., & Tanwar, B. (2016). Celiac disease: Overview and 

considerations for development of gluten-free foods. Food Science and Human 

Wellness, 5(4), 169-176. 

[ 64] Saggu, S., Sakeran, M. I., Zidan, N., Tousson, E., Mohan, A., & Rehman, H. (2014). 

Ameliorating effect of chicory (Chichorium intybus L.) fruit extract against 4-tert-

octylphenol induced liver injury and oxidative stress in male rats. Food and chemical 

toxicology, 72, 138-146. 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3359 

 

[ 65] Bhatia, A., Singh, B., Raza, K., Wadhwa, S., & Katare, O. P. (2013). Tamoxifen-loaded 

lecithin organogel (LO) for topical application: development, optimization and 

characterization. International Journal of Pharmaceutics, 444(1-2), 47-59. 

[ 66] Singh, A., Lin, Y., Liu, W., Yu, S., Pan, J., Ren, C., & Kuanhai, D. (2014). Plant 

derived cationic dye as an effective corrosion inhibitor for 7075 aluminum alloy in 

3.5% NaCl solution. Journal of Industrial and Engineering Chemistry, 20(6), 4276-

4285. 

[ 67] Raza, K., Thotakura, N., Kumar, P., Joshi, M., Bhushan, S., Bhatia, A., ... & Katare, O. 

P. (2015). C60-fullerenes for delivery of docetaxel to breast cancer cells: a promising 

approach for enhanced efficacy and better pharmacokinetic profile. International 

journal of pharmaceutics, 495(1), 551-559. 

[ 68] Prabhakar, P. K., Prasad, R., Ali, S., & Doble, M. (2013). Synergistic interaction of 

ferulic acid with commercial hypoglycemic drugs in streptozotocin induced diabetic 

rats. Phytomedicine, 20(6), 488-494. 

[ 69] Chaudhary, A., & Singh, S. S. (2012, September). Lung cancer detection on CT images 

by using image processing. In 2012 International Conference on Computing 

Sciences (pp. 142-146). IEEE. 

[ 70] Mishra, V., Bansal, K. K., Verma, A., Yadav, N., Thakur, S., Sudhakar, K., & 

Rosenholm, J. M. (2018). Solid lipid nanoparticles: Emerging colloidal nano drug 

delivery systems. Pharmaceutics, 10(4), 191. 

[ 71] Singh, A. (2012). Hydroxyapatite, a biomaterial: its chemical synthesis, characterization 

and study of biocompatibility prepared from shell of garden snail, Helix 

aspersa. Bulletin of Materials Science, 35(6), 1031-1038. 

[ 72] Arora, S., & Anand, P. (2019). Binary butterfly optimization approaches for feature 

selection. Expert Systems with Applications, 116, 147-160. 

[ 73] Chhikara, N., Kushwaha, K., Sharma, P., Gat, Y., & Panghal, A. (2019). Bioactive 

compounds of beetroot and utilization in food processing industry: A critical 

review. Food Chemistry, 272, 192-200. 

[ 74] Singh, S., Kumar, V., Chauhan, A., Datta, S., Wani, A. B., Singh, N., & Singh, J. 

(2018). Toxicity, degradation and analysis of the herbicide atrazine. Environmental 

chemistry letters, 16(1), 211-237. 

[ 75] Baranwal, T., & Pateriya, P. K. (2016, January). Development of IoT based smart 

security and monitoring devices for agriculture. In 2016 6th International Conference-

Cloud System and Big Data Engineering (Confluence) (pp. 597-602). IEEE. 

[ 76] Trukhanov, S. V., Trukhanov, A. V., Salem, M. M., Trukhanova, E. L., Panina, L. V., 

Kostishyn, V. G., ... & Sivakov, V. (2018). Preparation and investigation of structure, 

magnetic and dielectric properties of (BaFe11. 9Al0. 1O19) 1-x-(BaTiO3) x 

bicomponent ceramics. Ceramics International, 44(17), 21295-21302. 

[ 77] Singh, S., Singh, N., Kumar, V., Datta, S., Wani, A. B., Singh, D., ... & Singh, J. 

(2016). Toxicity, monitoring and biodegradation of the fungicide 

carbendazim. Environmental chemistry letters, 14(3), 317-329. 

[ 78] Bhyan, B., Jangra, S., Kaur, M., & Singh, H. (2011). Orally fast dissolving films: 

innovations in formulation and technology. Int J Pharm Sci Rev Res, 9(2), 9-15. 

[ 79] Saxena, A., Prasad, D., Haldhar, R., Singh, G., & Kumar, A. (2018). Use of Saraca 

ashoka extract as green corrosion inhibitor for mild steel in 0.5 M H2SO4. Journal of 

Molecular Liquids, 258, 89-97. 

[ 80] Panghal, A., Janghu, S., Virkar, K., Gat, Y., Kumar, V., & Chhikara, N. (2018). 

Potential non-dairy probiotic products–A healthy approach. Food bioscience, 21, 80-89. 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3360 

 

[ 81] Kumar, D., Agarwal, G., Tripathi, B., Vyas, D., & Kulshrestha, V. (2009). 

Characterization of PbS nanoparticles synthesized by chemical bath deposition. Journal 

of Alloys and Compounds, 484(1-2), 463-466. 

[ 82] Ansari, K. R., Quraishi, M. A., & Singh, A. (2015). Corrosion inhibition of mild steel in 

hydrochloric acid by some pyridine derivatives: an experimental and quantum chemical 

study. Journal of Industrial and Engineering Chemistry, 25, 89-98. 

[ 83] Singh, P. S., Singh, T., & Kaur, P. (2008). Variation of energy absorption buildup 

factors with incident photon energy and penetration depth for some commonly used 

solvents. Annals of Nuclear Energy, 35(6), 1093-1097. 

[ 84] Ansari, K. R., Quraishi, M. A., & Singh, A. (2015). Isatin derivatives as a non-toxic 

corrosion inhibitor for mild steel in 20% H2SO4. Corrosion Science, 95, 62-70. 

[ 85] Singh, A., Lin, Y., Ebenso, E. E., Liu, W., Pan, J., & Huang, B. (2015). Gingko biloba 

fruit extract as an eco-friendly corrosion inhibitor for J55 steel in CO2 saturated 3.5% 

NaCl solution. Journal of Industrial and Engineering Chemistry, 24, 219-228. 

[ 86] Dey, A., Bhattacharya, R., Mukherjee, A., & Pandey, D. K. (2017). Natural products 

against Alzheimer's disease: Pharmaco-therapeutics and biotechnological 

interventions. Biotechnology Advances, 35(2), 178-216. 

[ 87] Ansari, K. R., Quraishi, M. A., & Singh, A. (2015). Pyridine derivatives as corrosion 

inhibitors for N80 steel in 15% HCl: Electrochemical, surface and quantum chemical 

studies. Measurement, 76, 136-147. 

[ 88] Patel, S. (2012). Threats, management and envisaged utilizations of aquatic weed 

Eichhornia crassipes: an overview. Reviews in Environmental Science and 

Bio/Technology, 11(3), 249-259. 

[ 89] Mia, M., Gupta, M. K., Singh, G., Królczyk, G., & Pimenov, D. Y. (2018). An 

approach to cleaner production for machining hardened steel using different cooling-

lubrication conditions. Journal of Cleaner Production, 187, 1069-1081. 

[ 90] Kondrateva T.S. Biopharmaceutical studies of children's suppositories with 

phosphothiamine. Pharmacy.-Moscow, 1990.-No.5.-P.14-15. 

[ 91] Maksudova F.Kh., Karieva E.S., Tursunova M.Kh. Study of the pharmacological 

properties of the combined gel of sodium diclofenac and benzketozone ./Infection, 

immunity and pharmacologists I.- Tashkent.-2015.-№5.C.160-163 / 

[ 92] Maksudova F. Kh., Karieva E. S. In vitro equivalence evaluationce of dic-

lofenac sodium generic medicinal preparation. // Pharmacy, a scientific and practical 

journal, special issue, St. Petersburg, 2016, pp. 461-464. 

[ 93] Piotrovsky V.K. Model and model-independent methods for describing 

pharmacokinetics: advantages, disadvantages and interrelation. // Antibiotics and 

medical biotechnology. -Moscow, 1997.-№7.P.492-497. 

[ 94] Kukes V.G., Sychev D.A. Clinical pharmacology. 5th ed ., Moscow, 2017, p. 478. 

[ 95] Tillaeva U. M., Azizov U. M. Development of a methodology for isolating the amount 

of fensulcal determination from a biological object. Materials of the scientific-practical 

conference "Actual issues of education, science and production in pharmacy. Tashkent, 

2009.-P.172 . 

[ 96] Tillaeva U.M. Standardization and quality control of fensulcal in soft dosage 

forms. // Authors' dissertation for the study of the academician of the candidate of 

pharmaceuticals. Sciences . Tashkent. 2011.23 s. 

[ 97] Golovkin V.A. On the importance of pharmacokinetics modeling for increasing the 

efficiency of biopharmaceutical research. // Optimization of drug supply and ways to 

increase the effectiveness of pharmaceutical science : Sat. Tez.dokl.-Kharkov, 1986.-

P.61-62. Stefanova A.V. Preclinical studies of medicines. Kiev. -2002. -650 p. 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 03, 2020            

3361 

 

[ 98] Jagetia G.C., Aggarwal B.B. “Spicing Up” of the immune system by curcumin- J. Clin. 

Immunol. 2007, Jan., 27(1), 19-35. 

[ 99] Prasad S., Gupta S.C., Tyagi A.K., Aggawal B.B. Curcumin, a component of golden 

spice: from bedside to bench and back-Biotechnol. Adv. 2014, Nov 1, 32(6), 1053-

1064. 

[ 100] Iskandarova  Sh.F. Аbdukhalilova N.S. Technology of obtaining dry extract from 

rhizomes of curcuma longa l., by circulating extraction method – Pharmaceutical 

journal. -Tashkent, 2018.-№4.-P.71-75 

[ 101] Iskandarova  Sh.F. Аbdukhalilova N.S. Characterization of Curcuma Longa L., as a 

source of biological active substances //Science Time. - Kazan, 2018. - № 2. -С.40-43 

[ 102] Iskandarova  Sh.F. Аbdukhalilova N.S. Characterization of Ferula assefoetida L., as a 

source of biological active substances - Proceedings ׀׀ Scientific and Practical Internet 

Conference 3 International Participation - Kharkiv, April 27, 2018. С. 42-44 

[ 103] Eigner D, Scholz D. Ferula assa-foetida and Curcuma longa in traditional medical 

treatment and diet in Nepal. J Ethnopharmacol. 1999; 67:1–6. 

[ 104] Iskandarova  Sh.F. Аbdukhalilova N.S. Determining qualitative indices of the dry 

extract Curcuma longa l.- «Science and society –Methods and problems of practical 

application» (Vancouver, Canada) 6th International conference. 15th November 2018. 

P.35-36 

[ 105] Jurenka J. S. Anti-inflammatory properties of curcumin, а major constituent of 

Curcuma Longa: A review of preclinical and clinical research // Alternative Medicine 

Review. 2009. V. 14 (2). P. 141–153.  

[ 106] Mahran GH, El Alfy TS, Ansari SM. A phytochemical study of volatile oil of 

Afghanian asafetida. Bull Fac Pharm Cairo Univ. 1973; 12:101–7. 

[ 107] Menon V. P., Sudheer A. R. Antioxidant and anti-inflammatory properties of 

curcumin // Adv Exp Med Biol. 2007. V. 595. P. 105–125.  

[ 108] Prabhat Kumar U., Sonia S., Gopal A., Vishal Kumar V. Pharmacological activities 

and therapeutic uses of resins obtained from Ferula asafoetida Linn.: A Review // 

International Journal of Green Pharmacy 11(2):S240-S247. April 2017 

https://www.researchgate.net/journal/0973-8258_International_Journal_of_Green_Pharmacy

