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INFLUENCE OF THE COMPOSITION CONTAINING THE COMBINATION OF THE doxycycline hydrochloride and glucosamine hydrochloride ON THE STRUCTURAL and metabolite INDICATORS in rats with collagen-induced arthritis
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At the model of collagen-induced arthritis in rats have been studied the anti-inflammatory properties of the composition containing the combination of doxycycline hydrochloride and glucosamine hydrochloride in comparison with its active monocomponents – doxycycline, glucosamine hydrochloride. According to the results of experimental studies it have been proved that the composition containing the combination of doxycycline hydrochloride and glucosamine hydrochloride have a strong beneficial effect on the metabolism of the cartilage and bone tissue on the background of the autoimmune arthritis development and leads to the inhibition of autoimmune processes in the connective tissue of animals. There was a normalization of the functional state of the joints and the clinical and biochemical parameters. Acoording the degree of pharmacological effects on the most studied parameters the combination exceeds the reference objects – the substance of doxycycline hydrochloride and glucosamine hydrochloride.
Composition containing the combination of doxycycline hydrochloride and glucosamine hydrochlo is a perspective corrector of the inflammatory and destructive joint diseases with autoimmune component, and can be recommended for application in the complex therapy of patients with immuno-inflammatory and inflammatory-destructive diseases of the joints.
Human existence in the modern world is characterized by a lengthening of the duration and increasing the pace of life. This increases the load on the musculoskeletal system, especially the articular cartilage. A significant proportion of diseases such as osteoarthritis (OA) and rheumatoid arthritis (RA) [14]. Taking into account the prevalence of diseases the development of new methods and approaches to the treatment of these diseases are perspective. You should also keep in the mind that despite the developed therapy schemes of the RA and OA the treatment results are still unsatisfactory. Thus, we need to search a new and modify the existing facilities to create more effective and safety antirheumatic drugs.

Some of these remedies are antibacterial drugs, which, in addition to their primary antibacterial effect, have other non-antibacterial properties [2, 10, 11]. A series of clinical and experimental studies indicate that tetracyclines have anti-inflammatory activity. In the literature, there is evidence of the successful use of doxycycline in patients of rheumatologic profile. The use of the drug leads to the positive dynamics of some indicators [12]. However, towards the wider use of tetracyclines toxicity is associated with lack of selectivity of action.

Therefore, it is rational to combine tetracyclines with substances that can reduce their toxic effects. Our attention was drawn to glucosamine, which is able to inhibit the activity of metalloproteinases that contribute to the degradation of the matrix, and promote the accumulation of macromolecules in the matrix of connective tissue [8, 10].

Thus, it is possible to assume that due to the creating of remedies based on the combination of doxycycline and glucosamine, we can get a drug with anti-inflammatory, analgesic and chondroprotective activity and with improved toxicological profile.

The aim of this study was a preclinical study of the anti-inflammatory properties of the composition containing the combination of doxycycline hydrochloride and glucosamine hydrochloride (D+HA) in comparison with the reference objects in the model of collagen-induced arthritis in rats.

Material and methods
The study was conducted on a model of collagen-induced arthritis (KIA) in rats, which was reproduced by subcutaneous injection in the base of the tail the emulsified mixture of 0.2% solution of bovine collagen type II («Sigma-Aldrich», USA) in 0.1 M acetic acid and complete Freund's adjuvant («Sigma-Aldrich», USA) at a ratio of 1:1 at a dose of 2 mg/kg on collagen [13]. After 1 week for the potentiation of autoimmune process the input of the immunising mixture was repeated in the same manner and at the same dose. After the latency period (10-14 days) the animals had the arthritis of the back and upper limbs. Starting from the 14-th day of the experiment and during 2 weeks all animals were treated with appropriate drugs daily orally 1 per day in the form of aqueous suspensions. During the experiment the evaluated state of the joints of the front and hind limbs of animals (degree of the mobility, swelling, redness) and the intensity of inflammatory reactions at the immunising mixture injection site have been studied.

In the experiment were used 60 white outbred rats of both sex aged 3-4 months, weighing 180–200 g, which were selected for the study and randomly distributed into 6 experimental groups (10 animals each): 1 – intact control; 2 – control pathology (arthritis model without treatment); 3 – animals receiving studied composition (1:2) in ED40 dose of 44.86 mg/kg [1]; 4 – animals receiving a dose of doxycycline hydrochloride in ED40 dose of 15.03 mg/kg [1]; 5 – animals receiving a dose of glucosamine hydrochloride in ED40 dose of 29.83 mg/kg [1]; 6 – animals treated with diclofenac sodium in the dose of 8.0 mg/kg.
At 28-th day of the experiment the animals were taken out by the decapitation under ether anesthesia and performed sampling of the biological material for clinical and biochemical studies. Later the clinical blood analysis was conducted in rats (primary data and on the 28-th day) and determined the leukocyte count, erythrocyte sedimentation rate (ESR) using standard methods [3]; biochemical studies of the blood serum indicators (the concentration of sialic acid (SA) by the Hess method [4], glycoprotein (GP) by the reaction with the molybdenum-sulfate reagent (Steinberg- Dotsenko method) [6] and C-reactive protein (CRP) using the immunochemical kits "IIU-LA-Test", production of «PLIVA-Lachema Diagnostika» (Czech Republic) (turbidymetric method) [4]. Experiments were carried out in accordance with Council Directive 2010/63/EU of compliance with laws, regulations and administrative provisions of the EU on the protection of animals used for experimental and other scientific purpose [7, 9].

Statistical analysis of the results was performed using software methods of variation statistics using Student's Fisher-criteria [5].

Results and their discussion
After KIA modeling in all animals arthritis was observed, which detected the appearance of hyperemia and edema of the limbs, increasing their size and tenderness on pressure. Maximum expression of arthritis symptoms was observed at 12-14 days after re-entry of the immunising mixture. Animals were less mobile, intake of food and water and their total activity during the day were decreased.

It was showed the direct correlation between visually increase the existing level of the joints and increase the number of leukocytes and erythrocyte sedimentation rate in peripheral blood (Table 1).

At the 28-th day of the experiment in control animals the amount of leukocytes in 1.8 times were higher than in the intact animals and in 2.1 times – the rate of ESR.

The most significant normalizing effect on the KIA had composition that confirmed by the positive influence of the combination of doxycycline hydrochloride and glucosamine hydrochloride on the content of leukocytes and ESR. Slightly inferior to the composition were diclofenac sodium and doxycycline hydrochloride. Thus, the composition showed differences regarding likely the level of control pathology animals, and the content of leukocytes – the substance of doxycycline hydrochloride and glucosamine hydrochloride.

Thus, the above pattern illustrates the significant anti-inflammatory potential of the composition confirmed in the normalizing effect on the markers of inflammatory response and simultaneously illustrates the benefits available to the actual substance of doxycycline hydrochloride and glucosamine.

Analysis of leukocytes formula (Table 2) shows that on the background of the disease in the untreated animals the compensatory neutropenia, neutrophils left shift, eosinophilia, monocytosis and lymphocytopenia were recorded.
The most pronounced therapeutic normalizing effect on KIA, confirmed by the dynamics of leukocytes formula indicators had the composition that was improved by the reliable normalization of neutrophils and their redistribution to the control pathology and the emergence of positive dynamics of normalizing the eosinophils, monocytes and lymphocytes. Indicators of this group of animals did not have differences in respect of animals with the intact control.

At the background of the treatment with doxycycline hydrochloride and glucosamine the normalizing redistribution of neutrophilic leukocytes was occurred, as in the case of the composition relatively to the control animals, but maintained a high level of eosinophilia and monocytosis in case of doxycycline.

Indicators of leokograme in rats treated with diclofenac sodium, also reflecting the positive redistribution in the proportion of neutrophils. However, relatively the intact animals had the high level of eosinophils, indicating the occurrence of hyperreactivity phenomena of this object.

Thus, the above pattern illustrates a significant anti-inflammatory potential of the diclofenac sodium, which was confirmed by the normalizing effect on the performance marker of inflammatory response and simultaneously illustrates the benefits of the combination (D+HA) against substances of doxycycline hydrochloride and glucosamine hydrochloride.

The experiment also demonstrated positive dynamics of biochemical parameters during the treatment with studied objects (Table 3). Thus, the indicators of the inflammatory component of pathological process were C-reactive protein (CRP) and sialic acid (SA). Glycoproteins (GP) is non-specific level indicator that shows the intensity of inflammatory and destructive changes in the organs of connective tissue origin.

Thus, in untreated rats with KIA the level of CRP was increased in 5.5 times, in 1.3 times – the level of SA and 1.4 times the level of GP relatively to the intact animals, indicating the active development of immuno-inflammatory pathological process in the connective tissues, which leads not only to the appearance of the inflammatory response, but also to the tissue destruction.

At the background of the therapeutic use of the composition the normalization of CRP was recorded, that was reliable against intact animals, and probably decreased in 2.5 times relatively the untreated animals. Under the influence of the combination of (D+HA) the content of SA was lowering in 1.3 times and in 1.2 times – the GP level. It should be noted that according the degree of normalizing impact on CRP and SA levels the composition significantly superior the substance of glucosamine hydrochloride.

Doxycycline hydrochloride significantly normalized the CRP content and glycoproteins regarding the control animals that confirms a significant impact of the facility on the inflammatory component of the disease.

Therapeutic use of glucosamine hydrochloride displays the reduce of inflammation and joint destruction. Thus, the rate of content of CRP in the serum of animals was reduced to the level of 11.15 mg/l, the rate of GP content – the level of 3.33 mg/l, which is significantly different from rats of intact control and control pathology groups.

At the background of diclofenac sodium application serum indicators of animals were at the level of intact animals indicators, except the content of C-reactive protein, confirming the expressed antiflogistic properties of NSAIDs.

Thus, the results of clinical and biochemical studies demonstrated that the composition containing the combination of doxycycline hydrochloride and glucosamine hydrochloride, exhibits a pronounced beneficial effect on indicators of cartilage and bone exchange at the background of autoimmune arthritis and leads to the inhibition of immuno-inflammatory processes in the connective tissue of animals. Also it is necessary to notice more high level of the therapeutic effect of the composition (D+HA) compared with the reference objects – the substances of doxycycline and glucosamine.
CONCLUSIONS:
1. A composition containing the combination of doxycycline hydrochloride and glucosamine hydrochloride has a positive influence on the collagen-induced arthritis, accompanied with the normalization of immune and inflammatory processes in the connective tissue of animals.

2. According the degree of pharmacological effects on most indicators the studied composition (D+HA) exceeds the reference objects – the substance of doxycycline and glucosamine.

3. The composition (D+HA) is a perspective corrector of the inflammatory and destructive joint diseases with the autoimmune component.
Table 1
Some indicators of clinical blood analysis in rats
with collagen-induced arthritis influenced

by the composition "Doxycycline hydrochloride

and glucosamine hydrochloride"(1:2) and reference objects (n=60)
	Study Group
	WBC, 109/l
	ESR, mm/h

	Output data

	Intact control
	10.14±0.42
	4.34±0.25

	28-th day

	Control pathology
	18.61±0.48*
	8.94±0.59*

	Composition
	8.70±0.42**
	4.38±0.30**

	Doxycycline hydrochloride
	9.75±0.25**/●
	5.10±0.41**

	Glucosamine hydrochloride
	13.15±0.19*/**/●
	5.86±0.31*/**/●

	Diclofenac Sodium
	9.62±0.76**
	4.86±0.31**


Notes:

1) * – p≤0.05 relatively to the intact animals;

2) ** – p≤0.05 relative to the control animals;

3) ● – p≤0.05 relatively to the animals treated with the composition.

Table 2

The impact of the composition"Doxycycline hydrochloride and Glucosamine hydrochloride" (1:2) and reference objects on the leukocytes formula of rats with collagen-induced arthritis (n=60)
	Study group
	Neutrophils young, %
	Neutrophils stab,%
	Neutrophils segmentated, %
	Eosinophils, %
	Basophils, %
	Monocytes, %
	Lymphocytes, %

	Output data

	Intact control
	—
	1.20±0.49
	21.80±0.73
	1.00±0.32
	—
	3.20±0.20
	72.80±1.16

	28-th day

	Control pathology
	—
	7.00±0.55*
	17.80±0.73*
	1.40±0.51
	—
	4.20±0.97
	69.60±0.68*

	Composition
	—
	1.40±0.27**
	23.40±0.93**
	1.20±0.33
	—
	3.30±0.37
	70.70±1.11

	Doxycycline hydrochloride
	—
	2.20±0.30**
	21.00±1.40**
	1.70±0.33
	—
	4.20±0.39*
	70.90±1.60

	Glucosamine hydrochloride
	—
	1.90±0.23**
	21.00±0.93**
	1.20±0.29
	—
	3.50±0.43
	72.40±1.34

	Diclofenac Sodium
	—
	2.30±0.56**
	18.60±0.92*
	1.80±0.35
	—
	4.30±0.37*
	68.80±2.61


Notes:

1) * - p≤0.05 relatively to the intact animals;

2) ** - p≤0.05 relatively to the control pathology.
Table 3
The dynamics of biochemical parameters of rats with collagen-induced

arthritis influenced by "Doxycycline hydrochloride and Glucosamine hydrochloride" (1:2) (n=60)
	Study Group
	C-reactive

protein, mg/l
	Sialic

acid, mmol/l
	Glycoproteins, g/l

	Output data

	Intact control
	3.65(0.34
	3.35(0.32
	2.85(0.15

	28 day

	Control pathology
	20.19(0.65*
	4.46(0.36*
	3.86(0.07*

	Composition
	8.02(0.35*/**
	3.48(0.28**
	3.15(0.21**

	Doxycycline hydrochloride
	8.35(0.48*/**
	3.74(0.31
	3.25(0.18**

	Glucosamine hydrochloride
	11.15(0.25*/**/●
	4.20(0.18*/●
	3.33(0.10*/**

	Diclofenac Sodium
	8.59(0.65*/**
	3.52(0.26**
	3.20(0.10**


Notes:

1) * - p≤0.05 relatively to the intact animals;

2) ** - p≤0.05 relatively to the control pathology;

3) ● - p≤0.05 relatively to the animals treated with the composition.
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