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INTRODUCTION
Marketing analysis of levocarnitine and glucosamine 
preparations defined the market needs for the development 
of combined drugs for oral use containing both Glucos-
amine and Levocarnine [1].

Research on the development of a new drug should be 
conducted in accordance with Guideline 42–3.1: 2004 
“Medicines. Guidance on quality. Pharmaceutical devel-
opment” a compulsory section of the registration dossier 
(module 3: Quality: Chemical, pharmaceutical, and bio-
logical information about the drug containing chemical 
and/or biological active substances) [2] and “ICH har-
monised tripartite guideline pharmaceutical development 
Q8(R2)”[3].

Information about rheological properties is important for 
the design of technological processes in the development 
of a medicinal product and its quality control[4].

Emulsions, suspensions, polymer solutions and gels 
are the examples of non-Newtonian fluids with non-
fixed viscosity that depends on the degree of shear they 
are subjected to. Nowadays, the most common form of 
non-Newtonian behavior of liquids is dilution – viscosity 
decreases with increasing rate of displacement.

Dilution under shear can provide the desired attributes 
of the product – stability[5][6]. Based on the theory of rhe-
ology, we studied the rheological behavior of glucosamine 
syrup with glucosamine hydrochloride and levocarnitine 

(L-carnitine) [7]. Rheological parameters of medicinal 
syrup affect the efficiency of the production processes and 
processing of sugars-boiling, crystallization, etc. [8].

In our previous research, compatibility of all the ingredi-
ents selected for pharmaceutical development of medicinal 
syrup was confirmed [9]there was a need to check the 
compatibility of active pharmaceutical ingredients (APIs.

THE AIM
The aim of the present research was to investigate the rheo-
logical properties of the medicinal syrup for oral adminis-
tration with glucosamine hydrochloride and levocarnitine.

MATERIALS AND METHODS
The rheological (structural-mechanical) properties of 
the samples were determined using a Rheolab QC rotary 
viscometer (Anton Paar, Austria) with coaxial cylinders 
CC27/S-SN29766. The rheological parameters were studied 
at a temperature 20 ± 0.5 °C. Thermostatting of the samples 
was carried out with a MLM U15c thermostat.

A sample weight about 17.0 (± 0.5) g was placed in the contein-
er of an external stationary cylinder, the required temperature of 
the experiment was set, the time of thermostating was 20 min.

The device makes it possible to measure the tangential bias 
voltage (τ) in the range 0,5-3,0·104Pa, the gradient of the shear 
rate (γ) from 0.1 to 4000 s-1, the viscosity (η) is from 1 to 106 Pa·s.
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Results: It is established that the syrup has weakly expressed plastic viscous and thixotropic properties (the hysteresis area for the syrupis 1710.19 Pas/s). Such results characterize 
the system as a reopex.
Conclusions: The results of the study enables classification of the research object as system with a low degree of fluidity. Such dependence is typical for systems of the Newtonian 
type of flow and characterizes the syrup under investigation as a weakly structured disperse system.
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The device is equipped with RheoPlus software, which 
allows setting the necessary conditions for the experiment. 
Measurements of the rheological flow curve were performed 
in 3 stages:

1) linear increase in the shear rate from 0.1 s-1 to 200 
s-1 with 60 measurement points and the duration of the 
measurement point is 1 second;

2) constant shift at a speed of 200 s-1, duration of 1 s;
3) linear decrease in the shear rate from 200 s-1 to 0.1 

s-1 with 60 measurement points and the duration of the 
measurement point is 1 s.

The dynamic flow coefficient was determined at shear rates 
of 3.49 and 10.3 s-1, as well as at shear rates of 27.2 and 149.0 s-1, 
reproducing the processing speed in the manufacturing process. 
Based on the obtained results, we calculated the values of the co-
efficients of the dynamic flow of the system from formulas 1, 2: 

 
(1)

 

(2)

where:
Кd1, Кd2– dynamic flow coefficients;
η– is the effective viscosity at certain shear rates.

For the more complete study of the samples, the param-
eters of their mechanical stability (MS) were calculated. It 
is known that the optimal value of MS is 1 [10][11].

The value of MS is defined as the ratio of the strength 
of the structure to failure (τ1) to the strength value after 
fracture (τ2) by the formula 3:

 
(3)

The fracture index (Kp) was calculated by the formula 4:

 

(4)

where:  
τн – ultimate strength (shear stress) of an undamaged 
sample, Pa;
τр – ultimate strength (shear stress) after failure, Pa.

Table I. Indicators of the structural viscosity of a model sample of syrup depending of the shear rate gradient

№ Gradient of shear rate,
(γ, s-1)

Shear stress, (τ, Pa s) Structural viscosity, (η, Pa s)

Ascending curve Downward curve Ascending curve Downward curve

1 0,10 0,782 1,27 7,72 12,70

2 3,49 25,0 25,3 7,17 7,24

3 10,30 71,9 71,9 7,00 7,00

4 27,20 189,0 186,0 6,96 6,86

5 149,00 986,0 971,0 6,61 6,51

6 200,00 1290,0 1290,0 6,46 6,45

Figure 1. Dependence of the 
Shear Stress (τ, Pas) on the Shear 
Rate (γ, s-1) of the syrup samples
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The thixotropic reduction index (KB) was calculated 
from the formula 5:

 
(5)

where: 
τ1–ultimate strength (shear stress) after recovery, Pa;
τ2–ultimate strength (shear stress) after sample failure, Pa.

RESULTS AND DISCUSSION
The results of studies of the rheological properties of the 
syrup are shown in the Table I, Fig. 1 and Fig. 2.

The results of the studies (Fig. 1) allow us to estimate that 
the syrup has a limit of strength, which is expressed by a 
shear stress of 0.03 Pa. That characterizes the insignificant 
structural resistance of the external destructive force (shear 
rate) to which the system behaves as a solid. Having such a 
yield point, this system is characterized by the Newtonian 
type of flow. This fact allows us to state that the syrup has 
low fluidity.

At a minimal initial shear rate (γ 0.10 s-1), the structural 
viscosity of the syrup is 7.72 Pa·s. The gradual increase in 
the shear rate to 200 s-1 resulted in partial destruction of the 
system, reducing the structural viscosity to 6.46 Pa·s. This 
process displays the ascending curve of the hysteresis loop 
and the upper curve of the dependence of the structural 
viscosity on the gradient of the shear rate (Figures 1 and 
2). During the reduction of the shear rate in the opposite 
direction (from 200 s-1 to 0.1 s-1), the structure of the syrup 

is completely restored, the viscosity did not only restored 
but also exceeded the original by 64.5% (12.7 Pa·s). This 
characterizes the system as a system with a rheopexy.

Rheopexy is a rare property of some non-Newtonian 
liquids: viscosity increases with increasing shear stresses 
in a fluid over time. Rheopexation liquids thicken and even 
solidify when they are mixed. The opposite property is 
the thixotropy, that makes the liquids become less viscous 
when they begin to mix. More substances have thixotropy 
property than rheopexy.

The area enclosed between the ascending and descending 
curves (Fig. 1, 2) is called the hysteresis loop. By the area 
of the hysteresis loop, we can judge about the mechanical 

Figure 2. Dependence of the viscosity (η, Pa) on the shear rate (γ, s-1) of the experimental syrup samples

Table II. Rheological parameters of the model syrup sample
№ Index Meaning

1 Area of hysteresis A, Pa/s 1710,19

2 yield(limit) of strength τ0, Pa 0,03

3 Structural of viscosity at infinite shear rate, 
at τ0 η∞,, Pa s 6,58

4 The destruction index Кр, % 62,4

5 The coefficient of thixotropic reduction  
of Кв at Кd1, % 1,2

6 Thixotropic reduction factor Кв at Кd2, % 1,5

7 Dynamic flow coefficient Кd1, % 184,2

8 Dynamic flow coefficient Кd2, % 422,0

9 Mechanical stability of MS at Кd1 1,012

10 Mechanical stability of MS at Кd2 1,015
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stability of structured systems. The smaller loop means 
that the system has greater mechanical stability. The hys-
teresis area for the syrup (1710.19 Pa / s) indicates weakly 
pronounced plastic-viscous and thixotropic properties 
(Table II).

The calculated values of the mechanical stability (MS) of 
the syrup are close to the optimum value – 1.012 and 1.015 
(Table II). This indicates that in its structure only coagula-
tion bonds [12] are present, which ensure full reversibility 
of deformations after stress relief and the preservation of 
their rheological properties during long-term storage.

CONCLUSIONS
Thus, the results of the study allow classifying the research 
object as system with a low degree of fluidity. This depen-
dence is typical for the systems of the Newtonian type of 
flow and characterizes the investigated syrupas a weakly 
structured disperse system. However, the system has shown 
unexpected rare rheological property, called rheopexy.
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