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Abstract

Rheumatoid arthritis is a chronic, inflammatory and autoimmune disease chatacterized by joint inflammation and systemic manifestations. This study aimed to evaluate the therapeutic potential of Alocasia macrorrhizos (EAAm) aqueous extract in an Adjuvant-Induced Arthritis (AIA) mode. Holtzman strain rats were used and AIA was performed by intradermal injection of 100 µL of Freund's Complete Adjuvant (FCA) at the base of the tail, followed by injection into the left knee joint. Induced animals were treated with Phosphate-buffered saline or EAAm (100 mg/kg) during nine days. Arthritic animals of both sexes showed intense inflammatory reactions and systemic manifestations. Treatment with EAAm reduced the knee edema, tissue inflammatory infiltrate, as well as the cytokines expression (IFN-y, IL-6 and IL-12p70), in serum and regional lymph nodes of the animals. These findings suggest that Alocasia macrorrhizos exhibits anti-arthritic effects, supporting its potential as a natural therapeutic alternative for inflammatory diseases. 
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Introduction

Characterized by pain, swelling, joint stiffness and, in the most severe cases, bone deformation (Ostrowska et al. 2018), rheumatoid arthritis (RA) is a chronic, inflammatory, autoimmune disease that affects about 1% of the world population. It is estimated that in Brazil it affects 0.22 to 0.50% of the population (Alamanos et al. 2006; Mota et al. 2013). It affects a large number of individuals at full productive capacity, impacting both on the reduction of life quality and on the ability to work in its various degrees. It presents complications such as depression, predisposition to infections and increased medical and social security expenses, which generate great social and economic impact (Thomé 2011; Goeldner et al. 2011).
Thus, early diagnosis and immediate initiation of treatment are essential for disease control, preventing functional disability and irreversible joint damage. Conventional drug treatment uses anti-inflammatories and analgesics drugs such as methotrexate, chloroquine, hydroxychloroquine, sulfasalazine, and leflunomide (Albers et al. 2001; da Mota et al. 2018; Hazlewood et al. 2020). However, the continued use of antirheumatic drugs in conventional treatments presents risks and potential side effects, in addition to the high cost of drug treatment, medical and hospital expenses (Brazil 2010; De Azevedo et al. 2008).
In this context, there is growing interest in products of natural origin that present therapeutic effects with lower toxicity, reduced cost and promising responses in the treatment of patients with RA (Yang et al. 2013). 
Therapy with medicinal plants promotes greater adherence to treatment without loss of efficacy (Bruning et al., 2012). Alocasia  macrorrhizos  (L.)  G.  Don,  Araceae  is  an  evergreen  robust  herb  growing  up  to  1.8  m  under  favorable  conditions  and  distributed  widely  in  Asia,  and  cultivated  in  many  Pacific  islands (Rahmman et al., 2012).  Scientific studies have revealed that the genus is mainly scattered throughout Asia. It has broad traditional benefits, which have been associated with various biological properties such as cytotoxic, antihyperglycaemic, antimicrobial activities (Airbain et al., 2022) The  leaf  juice  of  the  plant  is  used  as  anthelmintic,  digestive,  astringent,  and  laxative (Mulla et al., 2010). The medicinal plant Alocasia macrorrhizos has been used in the treatment of inflammatory diseases in folk medicine and has shown notable antioxidant, cytotoxic, and other therapeutic properties. (Cordeiro et al. 2021; Fang et al. 2012; Mulla et al., 2010; Md et al., 2013; Rahman et al., 2011). However, its effects on the inflammatory response are still poorly reported. Thus, the present study aimed to evaluate the anti-inflammatory and therapeutic potential effects of the aqueous extract of A. macrorrhizos in an in vivo study, using the experimental model of adjuvant-induced arthritis (AIA).

Materials and methods

Animals

Holtzman strain rats, 7 to 8 weeks, from the animal facility of CIPq (UFVJM), Diamantina, MG - Brazil, were used. The animals received filtered water and chow ad libitum. They were kept in polypropylene boxes, in an environment with controlled temperature and a 12-hour light-dark cycle, in the Medical School animal facility, from the Mucuri Campus (UFVJM), Teófilo Otoni, MG - Brazil. The protocol for use was approved by the Ethics Committee for the Use of Animals (CEUA – UFVJM) - Mucuri Campus, protocol nº 09/2021-R.


Plant material - identification and preparation of A. macrorrhizos extract

The plant was collected in the courtyard of the Institute of Science, Engineering and Technology (ICET) at UFVJM, Mucuri Campus. It was submitted to the National System for the Management of Genetic Heritage and Associated Traditional Knowledge (SISGEN), registration A7DD07D. The part of the plant used was the root (tuber), according to previous evidence of its anti-inflammatory action (Fang et al. 2012; Cordeiro et al. 2021). After collection, the tubers were washed in running water, cut into smaller parts and dried in an oven at 60°C for 24 hours, then crushed and diluted in distilled water at a concentration of 0.5 mg/ml, homogenized and left at rest for 24 hours, refrigerated and protected from light. After 24 hours, the extract was filtered (Cordeiro et al. 2021), lyophilized, aliquoted and frozen at -80ºC until use.

Experimental model of adjuvant induced arthritis (AIA)

The animals (n=20) were randomly divided into the experimental groups: Control - not induced; PBS - Induced and treated with phosphate-buffered saline (PBS); and EAAm - induced and treated with A. macrorrhizos aqueous extract (100 mg/kg). Arthritis was induced, under anesthesia (ketamine and xylazine), by intradermal injection of 100 µl of Freund’s complete adjuvant (FCA) containing heat killed Mycobacterium tuberculosis (1 mg/mL), followed by an intra-articular injection, in the left knee, of 30 µl of FCA containing heat killed  Mycobacterium tuberculosis (1 mg/mL), after 7 days. The development of arthritis was confirmed by daily measuring the thickness of the hind paws and the diameters of the knee joints.

Treatment with the aqueous extract of A. macrorrhizos (EAAm)

Daily, before treatment, the aqueous extract was diluted in PBS and administered to the animals of the groups (EAAm – 100 mg/kg), by orogastric route (gavage), 100 µl of this extract. The animals in the induced group received gavage with the vehicle of the extract (PBS). The Control group did not receive gavage. Treatment started on the 12th day after intradermal injection and lasted nine days.

Collection and analysis of joint fluid lavage cells

On the 22nd day after arthritis induction, the animals were euthanized. Then, hair removal was performed on both knees and the joint cavity was washed with 100 µl of cold 0.9% saline solution and joint exudate was collected. Joint lavage fluid samples were diluted in Turk's solution at a ratio of 1:20 and used for global cell count in the Neubauer chamber (104 cells/mL).

Quantification of cytokines (IFN-γ, IL-6, IL-12p70, IL-10)

The cytokines IFN-γ, IL-6, IL-12p70 and IL-10 were evaluated, in the serum and in the supernatant of macerated inguinal lymph nodes samples from all animals, according to the manufacturer's instructions (BD Biosciences Pharmingen, San Diego, USA). The samples were analyzed in an ELISA reader (EZ Read 2000, Biochrom, Cambridge, UK) with a wavelength of 450 nm. Inguinal lymph nodes samples were obtained from all animals at day 22 post-induction and weighted. One hundred milligrams of tissues was homogenized in 1ml of 0.4M NaCl, 0.05% Tween 20, containing 0.5% bovine serum albumin, 0.1M phenylmethylsulfonyl fluoride, 0.1M benzethonium chloride, 10mM ethylenediaminetetraacetic acid (EDTA) and 20 kIU/ml aprotinin (Merck KGaA, Darmstadt, Germany). The supernatants were collected to determine the cytokines concentration.

Histopathological analyzes

After euthanasia of the animals, the tibiofemoral joint was removed and immersed in 10% formalin, kept at room temperature for approximately 48 hours, for fixation. Then, the pieces were washed in running water and immersed in a demineralization solution containing: EDTA, hydrochloric acid and PBS for 11 days. After demineralization, the pieces were dehydrated, diaphanized, embedded in paraffin, sliced at 5 µm and stained with hematoxylin & eosin (HE).



Statistical analysis

Statistical analyzes were performed using Prism version 8.1 (GraphPad Software, San Diego, USA). Results are presented as mean ± standard deviation, representative of at least three independent experiments. Significance between groups was analyzed using nonparametric Mann-Whitney test. Differences were considered significant when p < 0.05.
Results and Discussion

Arthritis induction

Animals injected with Freund's Complete Adjuvant (FCA) developed joint alterations and stiffness (Fig. 1-A), which is also an important feature in patients with arthritis in whom the joint stiffness, followed by muscle weakness, local swelling, and pain, causes structural deformities and biomechanical problems (Gomes 2008).
In the present study, signs of inflammation were observed in other sites, such as the ankle of the contralateral paw. According to Kelly et al. (2007), FCA-induced arthritis can generate swelling in the contralateral limbs, due to the symmetrical spread of the disease. Other findings are also in agreement with previous studies, such as joint nodules in the forelimbs, extending to the phalanges (Fig. 1-B), similar to patients with rheumatoid arthritis (Khurana et al. 2005). According to Bevaart (2010), arthritis in humans has a systemic effect, and may also manifest in the skin, which may explain the presence of erythema in the ears of animals with FCA-induced arthritis (Fig.1-C).
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Fig. 1 Inflammatory markers.  Inflammation responses (red arrows) in rats with Freund's complete adjuvant-induced arthritis. (A) Stiffening of the legs and deformation of the phalanges; (B) joint nodules in the forelimbs; (C) erythematous reaction in the ear

Animals that received FCA injection showed an increase in the thickness of the left knee (edema) from the 3rd day after the first injection, with maximum values ​​reached on the 8th day, that is, 24 hours after the second injection, in both injected groups, which is in agreement with Oliveira et al. (2007) who defined that FCA arthritis starts between the 3rd and 7th day after injection. In the present study, there was a reduction in knee edema on the 12th day, mainly in the animals in the group treated with EAAm, when compared to the untreated animals (induced group) (Fig. 2), evidencing the effectiveness of the treatment with the aqueous extract in reducing the joint edema in animals with AIA. A similar result was obtained in the study by Zhang et al. (2008) with the plant Turpinia arguta that suggests a possible action of flavonoids, which requires a better investigation in A. macrorrhizos.
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Fig. 2 Knee thickness evaluation. Knee thickness variation in rats with Freund's complete adjuvant (FCA)-induced arthritis. Control = healthy animals; PBS = FCA-induced arthritis and treated with PBS; EAAm-100 mg/kg = FCA-induced arthritis and treated with aqueous extract of Alocasia macrorrhizos (100 mg/kg). Values are representative of three independent experiments and are ​​expressed as mean ± SEM. * p < 0.05 when compared to PBS. Dotted arrow = start of treatment. DPI = days post induction




Cells present in synovial lavage fluid

The total number of cells present in the joint lavage was higher in animals with adjuvant-induced and untreated arthritis (Fig. 3). Treatment with the aqueous extract of A. macrorrhizos (100 mg/kg) significantly reduced the number of cells in the joint lavage, as evidenced in the EAAm-100 mg/kg group (Fig. 3). According to Gomes et al. (2013) and Tarrant et al. (2006), the influx of leukocytes is one of the key events for the development of the inflammatory process in rheumatoid arthritis, being responsible for tissue destruction.
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Fig. 3 Cells in knee joint. Number of cells (x104/mL) in synovial lavage fluid of rats with Freund's complete adjuvant (FCA)-induced arthritis. Control = healthy animals; PBS = FCA-induced arthritis and treated with PBS; EAAm-100 mg/kg = FCA-induced arthritis and treated with aqueous extract of Alocasia macrorrhizos (100 mg/kg). Values are representative of three independent experiments and are ​​expressed as mean ± SEM. * p < 0.05 when compared to PBS

Expression of inflammatory mediators (IFN-γ, IL-6, IL-12, IL-10)

Treatment with A. macrorrhizos (100 mg/kg) promoted a significant reduction in the pro-inflammatory cytokines IFN-γ, IL-6 and IL-12 both in serum (Fig. 4) and in inguinal lymph nodes (Fig. 5), of the animals in the EAAm-100 mg/kg group, when compared to the animals in the Induced group. The IFN-γ is known to have a classic pro-inflammatory function, and its action is potentiated by the interleukin IL-12 (Pope et al. 2013). These cytokines are usually associated with structural damage to cartilage and bone (Thomé 2011); (Van Den Berg 2001).
According to da Silva et al. (2011), in arthritis, the expression of interleukin IL-6 induces the recruitment of mononuclear inflammatory cells, which contributes to the proliferation of B cells and synovial fibroblasts. These inflammatory response cells are responsible for initiating and continuing chronic immune-mediated inflammation, causing joint destruction and systemic manifestations.
No differences were observed between the groups regarding the expression of interleukin IL-10, both in serum and in inguinal lymph nodes (Fig. 4 and 5). According to Campo et al. (2011), IL-10 is classified as an antiinflammatory response cytokine, being produced by monocytes/macrophages, B cells and T cells (Campo et al. 2011; Choy 2001).
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Fig. 4 Serum cytokines. Cytokines detection in the serum samples of rats with Freund's complete adjuvant (FCA)-induced arthritis. (A) IFN-γ; (B) IL-6; (C) IL-12p70 and (D) IL-10. Control = healthy animals; PBS = FCA-induced arthritis and treated with PBS; EAAm-100 mg/kg = FCA-induced arthritis and treated with aqueous extract of Alocasia macrorrhizos (100 mg/kg). Values are representative of three independent experiments and are ​​expressed as mean ± SEM. * p < 0.05 when compared to PBS
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Fig. 5 Lymph nodes cytokines. Cytokines detection in the inguinal lymph nodes of rats with Freund's complete adjuvant (FCA)-induced arthritis. (A) IFN-γ; (B) IL-6; (C) IL-12p70 and (D) IL-10. Control = healthy animals; PBS = FCA-induced arthritis and treated with PBS; EAAm-100 mg/kg = FCA-induced arthritis and treated with aqueous extract of Alocasia macrorrhizos (100 mg/kg). Values are representative of three independent experiments and are ​​expressed as mean ± SEM. * p < 0.05 when compared to PBS

Histopathological alterations

In the macroscopic analysis of the anterior region of the tibiofemoral joint, the animals with arthritis and without treatment (Induced) showed morphological alterations in the knee, such as increased thickness of the joint tissues, chondral lesion, mainly in the region of the left knee, which received the application of the FCA (Fig. 6). These alterations were less evident in the knees of the animals in the treated group (EAAm-100 mg/kg), as can also be seen in Fig. 6.
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Fig. 6 Knee joint evaluation. Macroscopic evaluation of the tibiofemoral joint of rats with Freund's complete adjuvant (FCA)-induced arthritis. Control = healthy animals; PBS = FCA-induced arthritis and treated with PBS; EAAm = FCA-induced arthritis and treated with aqueous extract of Alocasia macrorrhizos (100 mg/kg). RK = right knee (no-injection); LK = left knee (FCA injection). Images are representative of three independent experiments

In the microscopic analysis, the animals with arthritis and without treatment (Induced) presented joint edema, inflammation in the synovial membrane, cartilage degradation, intense inflammatory reaction in the joint cavity (Fig. 7 - C) and vascular neoformation (Fig.7 - D). These manifestations are in agreement with the joint alterations observed by Oliveira et al. (2007) and Menezes (2013). According to Van De Sande et al. (2016), inflammation of the synovial membrane occurs due to the hyperplasia of the inner layer, with intense cell proliferation, vascular neoformation and the presence of inflammatory infiltrate.
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Fig. 7 Knee joint histology. Microscopic (hematoxylin & eosin staining) evaluation of the left tibiofemoral joint of rats. (A-B) healthy animals; (C-D) Freund's complete adjuvant-induced arthritis and treated with PBS. Magnifications = 40x (A and C) and 400x (B and D). Histological sections containing muscle, loose connective tissue and cartilaginous tissue (A-B). Lymphomononuclear inflammatory infiltrate and vascular neoformation (C-D). Micrographs are representative of three independent experiments

In the present study, the animals with arthritis and without treatment (Induced) presented severe formation of joint pannus, cartilage destruction and bone erosion (Figure 8-A), alterations also reported in the study by Cai et al. (2006). Note that in the group treated with the extract (EAAm) there was less expansion of the synovial membrane in the joint cavity, with better delimitation of the cartilaginous matrix (Fig.8-B) regarding to the group without treatment (Induced), whom the synovium invasion and cartilage erosion were more pronounced. Therefore, treatment with aqueous extract of A. macrorrhizos (100 mg/kg) reduced the inflammatory process and preserved the cartilaginous and trabecular matrix from the tibiofemoral joint of rats with arthritis induced by FCA.
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Fig. 8 Left knee joint histology. Microscopic (hematoxylin & eosin staining) evaluation of the left tibiofemoral joint of rats with Freund's complete adjuvant (FCA)-induced arthritis. (A) FCA-induced arthritis and treated with PBS; (B) FCA-induced arthritis and treated with aqueous extract of Alocasia macrorrhizos (100 mg/kg). Magnifications = 40x. Micrographs are representative of three independent experiments

Conclusion

Alocasia macrorrhizos tuber aqueous extract reduced the inflammatory infiltrate and joint tissue degeneration, as well as the expression of pro-inflammatory cytokines in the serum and inguinal lymph nodes of rats with complete Freund's adjuvant induced arthritis. Thus, this paper demonstrated a promising effect in the treatment of arthritis, which needs further investigation.
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