Acute and Chronic Antiinflammatory Effect of Methotrexate in the Inflammatory Model Induced by Dental Plaque

A B Schütz
MTX when used a high dose is a chemotherapeutic agent indicated to treat malign neoplasm (Coriumcarcinoma, Leukemia, Osteossarcoma, Oral Carcinoma and Breast Cancer). At lower doses, has also been indicated for treating inflammatory diseases such as Reuhmatoid Arthritis and Psoriasis. In the inflammatory model induced by dental plaque inside an air blisters, were studied acute and chronic anti-inflammatory effects of MTX, administrated on dose of 0.833 mg/kg/three time per week (0.35 mg/kg/day), with the objective of verifying the participation of the immune response in the inflammatory process induced by dental plaque. Anti-inflammatory effect of MTX was evaluated in vivo though the vascular permeability inhibition (edemogenic test) and granuloma inhibition assays. The determination of the inflammatory exudate was performed according to the dye-extraction method19 at 1 h, 3 h and 6 h time periods. The antiproliferative effect was evaluated for the number of nuclei of giant cells; number of vessels per microscopic fields; number1 and point volumetry occupied by monocytes/macrophages and collagen fibers on granulomatous tissue; as well as for the volume density occupied by granulomatous tissue and central necrotic region of granulomas induced in subcutaneous tissue of rats3,4. MTX inhibited the plasmatic exudation at 1 h and 6 h (p<0.05); decreased the number of monocytes/macrophages (p<0.01) and number of nuclei per giant cells (p<0.01); as well as the volume density occupied by collagen fibers at 14 days (p<0.05). However, increased the number of vessels/microscopic fields in this same experimental period (p<0.05), not inhibiting the edema in the granulomatous tissue, at 7 and 14 days (p>0.05). MTX did not decrease the volume density of granulomatous tissue and central necrotic region of the granuloma in this time (p>0.05). These results proved that the immune response inhibited by MTX has participation on phoghogenous mechanism induced by dental plaque. In addition, the results of the statistic treatment suggest that, particularly, when the variance among the samples is not superior to 4, there is not difference in the accuracy of the statistic treatment of data obtained by mean analysis of variance of Friedman (nonparametric test)  or F Test more multiple comparisons test and unpaired “t” test (parametric test) for two independents groups. So, until five comparisons, we suggest the application of unpaired “t” test to two independents groups. For more than five, is indicated, for facilitating the comparisons, the application of the proof of Friedman, whose potency is similar, if not identical, to the most potent parametric F test; if significant, the application of multiples comparisons test.
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Introduction

MTX, when administered in low concentration (0.1-0.3  mg/kg), modulates the function of inflammatory cells, angioblast and/or endothelial cells implicated on Rheumatoid Arthritis (RA)5 and in the angiogenesis necessary for the formation of the granulomatous tissue. A frequent complication of MTX therapy in RA - in some patients - has been to increase the rheumatoid nodule formation that seems occur even when synovial inflammation is suppressed9.  In vivo, MTX inhibits aminoimidazole carboxamidoribonucleotide (AICAR) transformylase, resulting in the intracellular accumulation of AICAR, which cause release of adenosine, principally, from fibroblast and endothelial cells10. This autacoid thought of a mechanism dependent of the concentration binds itself on specific membrane receptors express on multiple subtypes in a single cell9. Adenosine A1 receptors have been demonstrated in neutrophils and macrophages (but not peripheral boot mononuclear cells), and, when occupied, mediates the increase of chemotaxis and phagocytosis of immunoglobulin-coated particles5,6. In vivo, the binding of a low concentration of adenosine, induced by low doses MTX, in A1 receptors, originates the following “immunomodulator” effects: modulator of mononuclear cell function; inhibitor of LTB4 production by synovial fluid neutrophils; and reducer of angiogenesis5. In vitro, this same concentration of adenosine promotes inflammatory functions of neutrophils and macrophages such as superoxide anion generation; phagocitosis via FC receptors; and adhesion to endothelial cells. Moreover, the activation of A1 on monocytes/macrophages too causes cell fusion and the formation of multinuclear giant9. Receptors A2 are also present on neutrophils, monocytes, lymphocytes and basophils and, when occupied by higher concentrations of adenosine, generally, suppresses the inflammatory and immune function these cells5,6,9. Recently, was published the first evidence that an exogenous agent such as an adenosine A (2A) receptor agonist increases neovascularization in the early stages of wound repair by increasing both EPC recruitment (vasculogenesis) and the local vessel sprouting (angiogenesis)10. So, in another inflammatory model – dental plaque – was objected to study the acute and chronic antiinflamatory and antiproliferative effects of the methotrexate in granulomas induced for that phogougenous agent. 

Material and methods

In the present study, were utilized 52 Wistar rats with mean weight of 150 g, maintain during the experiment with balanced alimentation and “ad libitun” water.

Experimental Design

Microbial dental plaque preparation 

The microbial dental plaque was collected of students with age between 7 and 14-years-old, deposited in sterile essay tube containing physiological saline (NaCl 0,9%) and arranged in recipient accommodate ground ice and transported to the laboratory of Oral Pathology at the Bauru School of dentistry. Afterwards, the dental plaque was suspense in automatic mixer B-1 (Tayo Bussan Co. LTD) and the homogenate centrifuged (Centrifuge International - USA) at 4 (C for 10 minutes at 12,100 g. The supernatant was submitted to biochemical analyze and the sediment (nuclear fraction) was packed in freezer on temperature of -20 (C until the moment of the preparation of the microbial dental plaque. At this time, the essay tube with this material was introduced for 10 min in a cylinder with liquid nitrogen and afterward introduced in fervent water ((82 (C) for 10 min (thermal chock). After has been added SDS (L4509-Sigma) 2%, in double of weight of dental plaque, it stayed in ambient temperature for 2 h; when then, was again centrifuged for 20 min at 12,100 g. The supernatant was separated and submitted biochemical analyze. This stage was repeated tree times; auditioned 20 mL of FPT (phenolate phosphate buffered) in ph = 7.5 and 10 mg of ribonuclease (R7003 - Sigma) and 20 mg of deoxiribonuclease (EC. 3.1.21.1-Sigma), remaining for 12 h at 37 (C. The suspension was again centrifuged for 30 min at 12,100 g. The supernatant was separated and submitted biochemical analyze.  The sediment was washed three times with FPT and auditioned 20 mL of SDS-phenol solution, staying in ambient temperature for 2 h and centrifuged for 20 min at 3,000 rpm. The supernatant was separated and submitted at biochemical analyze. The precipitated was suspended in FPT for 20 min. This stage was repeated for 4 times. The supernatant was separate and submitted at biochemical analyze. Then, the precipitate was suspended in alcohol-ether the 50% and centrifuged 30 min at 12,100 g. This last stage was repeated for 3 times. After, this material to have been suspended in 10 mL of distilled water was collected in 1.0 mL plastic tubes and stored in freezer prompted for using. In the moment experiment, of this material was weighted  (E. Mettler type H15 - Zurich) the equivalent in mg necessary for inoculation of 10 mg in each animal. Proteic and carbohydrates determinations were carried in supernatant fractions. 
Experiment I:  vascular permeability inhibition assay

In the three lots of 6 rats (control group) was inoculate in the subcutaneous tissue of dorsal region of the rats a constant volume 0,2 mL of the preparation of microbial dental plaque, on concentration of 100 mg/mL of Hanks solution (H6136 - Sigma). This preparation was injected immediately after the administration of Evans blue dye (E-2129- Sigma) for intravenous via, at the dose of 20 mg/kg of weight corporal. In 18 animals of the experimental group, was administered methotrexate (Methotrexate - Lederle) by intramuscular via, on dose of 1,66 mg/kg equivalent (0.833 mg/kg in human or 25 mg/day), immediately after was injected the Evans blue dye blue in the volume of 0.2 mL/100 g of corporal body.

The anti-inflammatory effect of the drug was carried at 1 h, 3 h and 6 h time periods after flogogenous stimulation. In these experimental periods, each animal of the control and experimental group was killed by ethyl ether inhalation and the tissue blushing by dye Evans around of the implanted plaque was carefully removed with aid of a standard steel punch of 23 mm in diameter. The pieces removed were incised in small fragments, which after re-collect in flask of glass contend 4 ml of formamide, for extraction of the Evans blue dye, remained in stove for 45(C for 3 days. The evaluation of the inflammatory exudate (expressed in micrograms of total extraverted dye) was realized by means the analysis (absorbance) for spectrophotometry  (630 nm), using a single beam spectrophotometer (Bekman Model DU-8) calibrated with Evans blue (1mg/mL and 0.05 mg/mL), using the pure formamide as blank, proceeding the quantitative analyzes of the dye-extraction for the method19. 

Experiment II: Test of inhibition granuloma

This assay was performed to evaluate the antiinflammatory effect of MTX in the development of experimental granuloma. In 2 lots of 4 rats (control group), was inoculate in an air pouch on subcutaneous tissues of the dorsal regions of rats 0,2 mL of the suspention of microbial dental plaque in corn oil (10 mg/mL). In the other 2 groups of 4 rats, Methotrexate in via and dose identical the used in vascular permeability inhibition assay (0.833 mg/kg) was injected three times per week, having been the first injection immediately after the inoculation of floghogenous agent. Elapsed the experimental periods of 7 and 14 days, the animals of control and methotrexate group were killed with ethyl ether, and the granulomas after have been carefully removed were fixed in formol the 10% for 24 hours, embedding in paraffin, cutting with 5 (m of thickness and stained with hematoxylin and eosin (H&E) and by Mallory Trichromic. 

Determination of the number total of macrophages 

With this analysis was determinate the total number of macrophages for the II method of Aherne1.  In this determination, was used a Zeiss II integrated grid fitted to a microscope Olimpus with objetive in increase of 40 x. In 60 microscopic fields, selected at random for each animal, was counted the number of images (n) and crosses (c) between the margins of the profiles of the nuclear images and parallel lines of the test system. Knowing the total area examined in mm2 (A), the distance between the lines of the test system (d), the thickness of the section (t) and the gland processed volume (Vp), was obtained the total number of macrophages nuclei, using the following equation: N = 2n x Vp/A (c/n x d+2t). 

Stereological evaluation of the volume density 

For evaluation of the density of volume occupied for the tissue granulomatous, central region of necrosis, macrophages and collagen fibers was utilized a microscope in augment x40 with an ocular Zeiss Kpl 8x, containing a grating of integration II of the Zeiss with 10 line and 100 points. In 80 histopathologic fields, for group and experimental periods, choose for systematic causality and previous studied under descriptive aspect was counted the number of points that coincided with the structures studied (Pei) and the number of points in total structure of granuloma (Pt), of accord with the method of point counting of Chalkley3. It informed the percentage occupied for analyzed structures in the granuloma. To determine if MTX interfered on number of nuclei of the giant cells, as well as on number of vessels was realized only the counting of the number of vessels and of the number of nuclei per giant cell in each field in the experimental time of14 days. For the calculation of the density of volume was applied the following equation: Vvi = Pei/Pt x 100.

Test of inhibition weight of the granulomas

This experiment was realized with objective to verify the effect of MTX in the moist or total weight (cells + fibers + edema), which was evaluated on a precision balance (Mettler H15, Zurich) afterwards surgery; the dry weight (cell + fibers) after 15 h at 70°C and the differential weight (inflammatory edema) were also evaluated on the same balance.

Statistical analysis

As the data of the present study were extracted of our doctoral thesis, at the Bauru School of Dentistry (FOB/USP), having been submitted to nonparametric variance analysis of Friedman and Multiple comparisons test whose statistical studies aim similarity to the parametric F test (100%). For confirming the accuracy of these results, the arithmetic mean, variance, standardized deviation and SEM were calculated for each statistical variable evaluated. When the variance of a sample was until 4 times greater than other, were considered presenting similar variances. With the objective of verifying if the treatment had significant statistic effects was applied the parametric test “t” of Student in significance level of 1 and 5%. When to > tc the null hypothesis was rejected, and the arithmetic means were considered different. When to < tc the null hypothesis was confirmed and the arithmetic means were considered without significant differences in the significances levels established (1 and 5%). For the variables did not report in our doctoral thesis (number of macrophages, of blood vessels and of nuclei per giant cells) was only utilized the parametric “t” test, because were compared only two groups (experimental x control), therefore, without bias. The results were confirmed for the Excel Microsoft Program. 

Results
Our results proved that there is not statistical difference between the results of caparisons between two groups, whose data were obtained by means of the variance analysis of Friedman and multiples comparisons test, resulting from the comparison of three or more groups and unpaired “t” test to the comparison of two independents groups.

Effect of MTX on inhibition permeability vascular  

In three experimental periods, MTX decreased the plasmatic exsudation (table 1) with significance statistic (p<0.05)* only at 1 h and 6 h.  

Granuloma inhibition evaluation 

This effect of MTX was evaluated according to the following parameters:

Table 1: Concentration of Evans blue dye ((g) in inflammatory focus on experiment I

	Time

	Hanks
	Contr*

((g)
	MTX**
	Test“t”

	1  hour
	13.90 ( 1.77a
	36.98 ( 4.84a
	26.96 ( 2.34a
	(p=0.050)b

	3 hours
	22.14 ( 3.86a
	87,32 ( 4.79a
	73.82 ( 7.67a
	(p= 0.39)C

	6 hours


	23.62 ( 2.32a
	85,19 ( 3.16a
	71.45 ( 5.45a
	(p=0.039)b



aMean and Standard Erros Mean
bTest “t” significant in level of 5% (p<0.05)

c Test “t” not significant (p>0.05)ns
*Microbial dental plaque + Hanks solution

**1.66mg/kg in rats = 0.833 mg/kg in human

Inhibition of the number of monocytes/macrophages present on granulommatous tissue 

MTX, at 7 and 14 days, inhibited the number of the monocytes/macrophages with significance statistic at level of 1% of probability (p<0.01) (table 2).

Table 2: Total number of macrophages x 106 (Aherne II)  present in the granulomas induced by microbial dental plaque in Experiment II.

	Groups


	7 days
	14 days

	Control*


	177,1 x 106  ( 4,61a
	305.1 x 106 ( 14,63a

	Methotrexate**

(25 mg/day)*


	127,5 x 106 ( 2.90a
	210.84 x 106 ( 4.98a

	Test “t” 
	(p=0.00067)b

	(p=0.00076)b


a Mean and SEM

b Test de Student “t” significant at the level of 1% of probability (p<0.01)

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

Too was verified that this drug decreased the number of nucleus per giant cell at the level of 1% of probability (p<0.01)** (table 5).

Table 5: Number of nuclei/cell (n/cell) multinucleated giant cell in control and  MTX group at 14 days.

	Control*
	Methotrexate**


	Test “t” 

	10.25 n/cell
	6.26 n/cell


	0.000a


a Test Student’s “t” significant at the level of 1% probability (p<0.01)

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

Volume density occupied by monocytes/macrophage on granulommatous tissue

Analyze of the table 3 showed that the reduction of the density occupied by these cells at the medicated group, in relation at control group, was significant at 7 and 14 days (p<0.01)*.

Table 3: Density of volume (Vvi) occupied by monocytes/macrophages in the granulomatous tissue in Experiment II

	Time


	Control*
	MTX**

(Vvi)
	Test “t” 

	7 days
	2.66 ( 0.034a
	1.86 ( 0.02a

	(p=0.000)b

	14 days
	4.98 (0.058a

	 3.38 ( 0.03a
	(p=0.000)b


a Mean and SEM

b Test  “t” of Student significant (p<0.01).

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

Volume density occupied by collagen fibers on granulommatous tissue  

The volume density of the collagen fibers within the granulommatous tissue was decreased by MTX at 14 days (p<0.05)* (table 4). 

Table 4: Density of volume (Vvi) occupied by collagen fibbers in the granulomatous tissue

	Group
	               Experimental period
       7 days                           14 days                 



	Control*


	7.23 ( 2.60a
	16.49 ( 2.78a

	Methotrexate*
	7.45 ( 1.35a
	8.92 ( 1.43a

	Teste “t”

	(p=0.46)c
	(p=0.0102)b


a Mean and SEM

c Test “t” of  Student not significant (p>0.05). 

 b Test “t” of Student significant at the level of 95% of probability (p<0.05).

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

In this same period, MTX also reduced with difference significant for control group (p<0.05)* the number of sanguineous vessels per microscopic field (table 6).

Table 6: Number of vessels in the control group and MTX group

	Group


	7 days
	14 days

	Control*


	6.80 ( 0.51a
	4.25 ( 0.47a

	Methotrexate**


	6.53 ( 0.79a
	5.22 ( 0.40a

	Test “t

	(p=0.36)c
	0.049b


a Mean and ESM

b Test “t” of Student not significant (p>0.05)

c Test “t” of Student significant at the level of 5% of probability (p<0.05)

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

Volume density occupied by granulommatous tissue 

MTX did not decrease the volume density of this tissue during the experiment with significant statistical difference  (p>0.05)ns, according to table 7. 

Table 7: Density of volume (Vvi) occupied by granulomatous tissue

	     Group                                      Time
                                   7 days                       14 days

	Control


	49.74 ( 10.86a
	61,85 ( 8.15a

	Metotrexate


	59.75 ( 7.3a
	57,79 ( 4.00a

	Teste “t”

	(p=0.10)b
	(p=0.31)b


a  Mean and SEM

b Test “t” of Student not significant (p>0.05).

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

Volume density occupied by central necrotic region 

MTX did not present statistic significant difference to the control group during the experiment (p>0.05)ns (table 8). 

Table 8: Density of volume (Vvi) occupied by necrosis central region of the granuloma

	Group
	Time

   7 days                         14 days

	  Control 
	45.57 ( 5.08a 
	    37.6 ( 3.80a 

	 Metotrexate 
	     37.00 ( 4.83a 
	 42,18 ( 3.52a 

	 Teste “t“
	(p=0.22)b 
	 (p=0.14)b 


a Mean and SEM

b Test’s ‘t” Student not significant (p>0.05)

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

Moist, dry and differential weight of granulomas
MTX decreased the dry weight (cells + fibers) with significant difference to control group at 7 and 14 days (p<0.05)*.

Table 9: Moist, dry and differential weight of granulomas at 7 days

	Groups
	Moist weight


	Dry weight
	Differential weight

	Control
	0.1393 ( 0.024a
	0.0352(0.005a
	0.104 ( 0.020a

	MTX
	0.0802 ( 0.012a
	0.0210(0.000a
	0.059 ( 0.010a

	“t” Test
	0.05971b
	0.0169c
	0.08322b


a  Mean and SEM

b Test “t” of Student not significant (p>0.05)ns.

c Test “t” of Student significant at the level of 5% of probability (p<0.05)

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

Table 10 Moist, dry and differential weight of granulomas at 14 days

	Groups
	Moist weight


	Dry weight
	Differential weight

	Control
	0.1308( 0.044 a
	0.0280( 0.0049 a
	0.0493( 0.0101 a

	MTX
	0.05058( 0.0019 a
	0.0135( 0.0011a
	0.0295( 0.0038a

	“t” Test
	0.1423b
	0.01736c
	0.0852b


a  Mean and SEM

b Test “t” of Student not significant (p>0.05)ns.

c Test “t” of Student significant at the level of 5% of probability (p<0.05)

*Microbial dental plaque + corn oil

**1.66mg/kg in rats = 0.833 mg/kg in human/three times week (0.35 mg/kg/day)

Discussion

Due to the fact of the dental plaque to have an infectious nature and a great number of noxious substances it may be considered a natural substitute of conventional irritants (kaolin, formalin, carrageenan) used at the induction of the experimental inflammation. In the present work, acute and chronic inflammatory process was induced by injection of dental plaque in an air pouch, localized in the subcutaneous tissue of dorsal region of rats. In the initial stage of this process, the inflammatory mechanism involved in the formation of this lesion are similar to Rheumatoid Arthritis, which is characterized by vasodilatation and for the increase of the vascular permeability at the microcirculation, originating edema or inflammatory exudate. The vascular permeability alterations may be easily demonstrated in laboratory animals through the injection of vital dyes such as Evans blue dye. This vital dye, when injected intravenously, bounds itself to plasmatic albumin forming protein-bound dye complex, which is suitable as a plasma marker for detecting leakage of proteins in the edema (Swingle, 1974), turning possible its quantification by means of spectophtometric analyses.  

   Concerning to antiexudative activity, evaluated through the vascular permeability inhibition assay (edemogenic test), MTX administered on dose of 0. 833 mg/kg inhibited the acute inflammatory exudate at 1 h (initial permeability phase) and 6 h (late permeability phase), with statistic significant difference for control group (p<0.05). The effect MTX at 1 h time period, at least in part, might be explicated by the increase of adenosine concentration in the inflamed tissue induced for the drug. 
   As concentration MTX (0.833 mg/Kg) used in the present work is sufficient for to saturate A2 receptors, with adenosine, inhibiting the adhesion neutrophils and monocytes on endothelial cells, as well as the phagocytosis via Fc receptors and the production of toxic oxygen metabolites9, able to damage sanguineous vessels; it might also inhibit the initial phase of peroxidation of protein and lipids, decreasing the generation toxic oxygen radicals because MTX inhibit the activation of methyl group connected on B-12 coenzyme, which are generators of methyl and peroxyl radicals (CH4 and CH3COOH), respectively. 

   Toxic oxygen metabolites are also produced for activation of enzymatic system xanthine dehydrogenase/xanthine oxidase presents on endothelium vascular. Both enzymes catalyze, among other enzymatic reactions, the conversion of xanthine dehydrogenase in xanthine oxidase and xanthine to uric acid. These reactions are accompanied by decrease of (NAD+) cofactor in the case of XD and reduction of O2, in the case of XO, resulting at the formation of superoxide anions11. MTX may inhibit this enzymatic system since inhibits the synthesis of nucleotide coenzymes necessary for the functioning of the enzymatic system XD/XO. Other mechanism of inhibition of toxic oxygen metabolites is the increase of the adenosine concentration in the inflammatory tissue able to induce its conversion into ionosine, originating a liposoluble antioxidant (uric acid)5. 

   Other via of generation of toxic oxygen radicals is the oxidation of the folic acid to N5metil-FH4, methionine and S-adenosylmethionine. Therefore, the deficiency of S-adenosylmethionine consequent the inhibition by MTX of the dihidrofolase redutase enzyme decreases the conversion from putrescine into spermidine as well as reduces the oxidation of this and of other polyamines, decreasing the production of toxic oxygen radicals, which are injurious at the sanguineous vessels. In addition, MTX may cause inhibition of the synthesis of polyamines in consequence of the inhibition of NADH coenzyme, necessary to the reduction of group ( carboxilic of glutamic acid, as well as to decrease the production of acetyl-CoA that is a metabolite indispensable to acetylation reaction from glutamic acid into N-acetylglutamic acid, resulting in the generation of ornithine. The decrease of the ornithine concentration may also inhibit the activation of latent metalproteinase and of the nitric-oxide-synthase enzyme, with subsequent decrease in the generation of nitric oxide and of other vasodilator mediators. These inferences have support in our results, because MTX inhibited the plasmatic exudation with difference statistic significant to control group (p<0.05). 

As during the conversion of aracdonic acid to prostaglandins, in the initial permeability phase induced by dental plaque, occurs accentuate generation of toxic oxygen radicals, the inhibition of the synthesis of PGE2 might also explicate the effect MTX at 1 h time period. This effect might be too connected at the blockade of RNAm necessary for synthesis of the nitric-oxide-syntase (ONs) and/or inhibition of cytokines such al TNF-( and IL-1, which are inductors of the increase of activity of this enzyme14,8. In addition, MTX inhibits essentials cofactors (NADH, FADH, FMN and BH4) necessaries at the functioning of the ONs, causing inhibition of the vadodilator nitric oxide (ON) and the reduction of permeability vascular. The inhibition of these nucleotides too inhibits kinins, coagulation and fibrinolytic systems present on extravasate plasma because those nucleotides are necessary for the activity of the plasmatic protease enzymes present in those systems. The ligature of adenosine on receptors presents on basophils, neutrophils, macrophages and lymphocytes suppresses the function inflammatory and immune of these cells; the formation and phagocytosis of immune complexes deposited on sanguineous vessels, as well as of the secretion of histamine and serotonin by basophils and mast cell. Moreover, has been suggested the possibility of the adenosine, for liking itself competitively on receptors to the histamine, to reduce the permeability vascular.    

   As the dental plaque induces increase in the production of prostaglandins and leukotrienes at the initial and late permeability phases16, is possible that the inhibition of the edema proportioned by MTX at 6 h time period is caused for the diminution of the synthesis of leukotrienes on neutrophils; of the synthesis of molecules and/or diminution of the capacity of these cells to adhere on endothelial cells and fibroblast, with consequent decrease of chemotaxis, characteristic of the late phase of vascular permeability. This effect would be induced for the occupation of specific cell surface receptors (A1) by adenosine. In addition, the diminution of the transmigration endothelial and chemotaxis neutrophils may have been caused by inhibition of proteins of low molecular weigh (cytokines) such as interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 (IL-8) and tumor necrosis factor ( (TNF-(), which are stimulators of the expression of adhesion molecules (E-selectin, VLA4, CD18) necessary for the induction of these processes. In vitro, was demonstrated that MTX-(-LIPO and MTX-(-LIPO (4.5 mol/105), as well as MTX-di-LIPO (6.5 mol/10) inhibited PG2 releases from LPS-stimulated rat macrophages was inhibited by 85.3 ( 3.7 %21. Therefore, the mechanism involved in the PGE2 inhibition might be the inhibition of plasmatic proteases participants of the generation of kinins, which increase the activity of PGE-9-Ketoredutase enzyme18. Is also possible that the inhibition MTX of coenzymes necessary for the activity of enzymes implicate on conversion of aracdonic acid into prostanoids, could inhibit the synthesis of PGE2.

   In the dependence of the nature of the flogogenous agent, and of its persistence in the local of the inflammation, the acute inflammatory process gradually becomes itself in chronic. When macrophages, epitelioid cells and giant cells predominates in the site of inflammation, the chronic process is termed granulomatous inflammatory or granuloma. The granuloma have two constituents: exsudative and proliferative components. The former is represented by edema, formed in the early phases of the granuloma development, or during the immune reactions that participate of its pathogenesis, because originate immune complexes, which activate the complement system generate vasodilators. Cells, collagen fibers and neoformed bloods vessels constitute the latter component.

     In the model inflammatory studied (dental plaque), MTX demonstrated to reduce the number monocytes/macrophages, with statistic significant difference to control group in 7 and 14 days (p<0.01). The inhibition of the number of these cells was more accentuate in 14 days (p<0.01). This resulted suggest an effect antiproliferative of monocyte/macrophages or of its progenitors hematopoietic cells. This effect was confirmed in vitro21. The antiproliferative effect may also have been caused for the inhibition of the synthesis of essential cofactors (NADH, Acetyl-CoA, AMPc, metals ions) that participate of the synthesis of ornithine, causing inhibition of decarboxylase ornithine enzyme, because the ornithine is substrate for the activity of this enzyme, resulting in the inhibition of the synthesis of polyamines. Other metabolic via of inhibition of polyamines (spermidine and spermine) may have been the inhibition of dihydrofolate reductase (DHFR) enzyme, with consequent inhibition of N-methyl-FH4, methionine, S-adenosilmethionine and decrease of the cellular proliferation. In consonance with the antiproliferative effect of MTX, the data presented on table 6 demonstrated the reduction in the number of nucleus per giant cells (p<0.01). This our result contrasted with study realized in vitro where was verified that MTX increased the formation of giant cells9, suggesting the saturation of A2 receptors for a high adenosine concentration induced for the dose MTX utilized in our work (0.833 mg/kg/three times/week), which is indicated to treat Burkitt Lynphoma (I and II stage), and a little greater (0.35 mg/kg/day) than the maxim dose indicated to treat Rheumatoid Arthritis and other Inflammatory diseases (0.1-0.3 mg/kg)9 decreased  the number of nuclei per giant cell. 
   In spite of MTX to have reduced the number of monocytes/macrophages and to reduce the volume density occupied by monocytes/macrophages in the granulomatous tissue at the two experimental periods studied (p<0.01), according table III, it did not reduce the volume density occupied for the granulomatous tissue. This resulted suggest the not inhibition the density of volume occupied by other components of the granuloma, probably the edematous component, consequent the induction of trombocitopenia and/or renal insufficiency. In consonance with this our inference the results of the measurement of the differential weight, which promote an estimation about the inflammatory edema, presents in the granulomatous tissue, showed not significant difference to control group during the experiment (7 and 14 days). 

    Our results demonstrated that the volume density occupied for the collagen fibbers was reduced by MTX at 14 days experimental period (p<0.05). Considering the participation of the immune system on control of the fibrillogenesis, the reduction of the density of volume occupied for these fibbers might be explicated, at least in part, by the effect cytotoxic of MTX that inhibit the proliferation of activated lymphocytes,  with the consequent blockage of the liberation of lymphokines able to stimuli the proliferation of fibroblast and macrophages, which also synthesize collagen; the induction of apoptosis in T cells, macrophages and fibroblasts might also cause this inhibition. The decrease of the number of these cells reduces the release of cytokines (IL-1) and growth factor (PDGF, TGF-( and FGF) and adhesion molecules that have participation in the synthesis of collagen. As the formation of collagen fibers depends of the enzymatic reaction of hydroxilation of lysine and proline respectively by procolagen-lisine-hidroxilase and procollagen-proline-hydroxylase enzymes as well as needs of O2, Fe+2, (-ketoglutarate and ascorbic acid, the inhibition caused by MTX of nucleotides coenzymes (NAD+, NADPH and CoA) necessary to synthesis of lisine and proline (NADH), as well as (-ketoglutarato (NAD+ and NADPH) might have contributed for the inhibition of these fibers in the utilized dose. Other mechanisms involved in this inhibition might be the inhibition of the telomerase enzyme via inhibition of the protein kinase C, as well as the decrease of proteoglycans induced by MTX. MTX in the fibrillogenesis – in the concentration utilized in present study - is time-dependent (stimulator and inhibitor) in relation to control group, in spite of between 7 and 28 days to have increased the density of volume of the collagen fibers. While in control group the difference in the density of volume occupied by the collagen fibers was not significant between 14 and 21 days (p>0.05), MTX induced to the increase this density in this period time with significant difference statistic (p<0.05)   (data were not presented).

     In spite of MTX to have decreased the number of monocytes/macrophages and the volume density occupied by collagen fibers (14 days) and monocytes/macrophages inside the granulommatous tissue, the volume density of the granulomatous tissue did not decrease (p<0.05) comparatively to the control group. This result suggests that other components of this tissue might have increased such as the edema, yet mentioned. Our results also indicated the increased of the number of vessels per microscopic fields at 14 days, indicating that MTX possibly increased the angiogenesis at this experimental period (p<0.05). However, by a mechanism for that produced the angiogenic effect is not still completely enlightened. The fact of the agonist of A1 and A2 receptors such as 5-N- ethycarboxamida adenosine and 2-5 dideoxyadenosine does not produce this effect, as well as have not been inhibited by 8-phenyltheophyline - which is one antagonist of these receptors - suggests that the mechanism has not relation with the activation of A1 and A2 receptors 20, in spite of a recent study to suggest that targeting the adenosine A (2A) receptor is a novel approach to promoting wound healing and angiogenesis in normal individuals and those suffering from chronic wounds10.

     We believe that the angiogenic effect of MTX might also have been caused for the decrease of oxygen tension induced for the inhibition of the generation of some species of toxic oxygen radicals. In addition, is possible that the tissue hipoxia might increase the production of growth factors (FGF) in smooth muscular cells of the vessels, increasing the proliferation of endothelial cells. On the other hand, also believe that MTX, by inhibiting the proteic synthesis, might increase genic transcription and stabilization of RNAm-PTHrP, which is a peptide able to link itself in receptors on surface of smooth muscular cells, increasing their proliferation and causing angiogenesis. After this period, in the dose used in the experiment MTX (0.833mg/kg/three times week or 0.35 mg/kg/day), apparently, inhibited the angiogenesis in granulommatous tissue (data were not presented).

  The decrease of the volume density of the necrotic central region during the experimental at 7 days not presented significant statistic difference for control group (p>0.05). This effect can be explicated for the inhibition of the adhesion of neutrophils and monocytes/macrophages into endothelial cells, induced by the increase of adenosine concentration via occupation A2 receptors, as well as for the inhibition of citokynes and chemokines attractants of these cells. After this period, the volume density of this region increased with not significant statistic difference for the control group (p>0.05). These results are in concordance with the results obtained on periapical lesions in rats induced by pulpal expossure, in that was not demonstrated significant statistic difference between the control and the group treat whit methotrexate at the period time of 2 weeks, with relation the formation of the area of the apical abscess23. 

   In addition, the statistical study of our results indicated that there is not statistical difference between data calculated (control x methotrexate) by means of variance analysis of Friedman and multiples comparisons test, for comparison of three or more groups, F test  and unpaired “t” test, for comparison of two independents groups (control x methotrexate), such as affirmed with relation ANOVA (parametric test) and “t” test (parametric test)2, confirming that the one-way analysis of variance only facilitates treatment of comparisons of more than two treatment groups15, because proof of Friedmam compare posts, whereas ANOVA compare variances. Particularly, when the null hypothesis is true or the difference of variances among the groups is not superior to 4. Same with this limited percentage of error (5%), in some experimental situations, is advantageous to plicate “t”, such as when there not be interest in comparing differences in the treatments among the experimental groups, but only of them in relation to control group and of one group to the conjunct of other groups therefore without bias. For example, is possible compare by mean of “t” test the effects of three nonsteroids antiinflammatory drugs and of one anti-neoplasm drug in relation to control, and the effect of the antineoplasm drug to one non-steroid antiinflamatory drug by multiple “t” test without bias, because in spite of the “t” test to be multiple, we are compare only two groups. If the effect of these latter is similar, what that is valid for one is valid for the group. Evidently, if the effects are different, in the dependency of the difference existent among the variances, multiples “t” tests increase the percentage error. In this situation, we suggested the application of the proof nonparametric of Friedman, whose potency is similar to most potent parametric F test, and if significant, also the application of the multiple comparisons tests, because facilitates the comparisons.      

Key words: anti-inflammatory effect, cytokines, growth factors, granuloma, neoplasm, methotrexate, inflammation.
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