


EVALUATION OF ANTI-ARTHRITIC POTENTIAL OF TRIBULUS TERRISTRIS SEEDS EXTRACT IN-VIVO IN WISTAR RATS

ABSTRACT
Objective: 
The main aim of present study is to evaluate the anti-arthritic potential of Tribulus terristris seed extract in-vivo in Wistar rats.
Methods: 
The anti-arthritic activity of ethanolic extract of Tribulus terristris seeds was evaluated by using three in vivo methods. In the formaldehyde-induced arthritis, the disease was induced by injecting 0.1 ml of formaldehyde into the hind paw. In the monosodium urate crystal model of anti-arthritis activity, the crystals were prepared by dissolving monosodium urate in boiling water, and then agitating at normal temperature. The carrageenan/kaolin model was used to induce arthritis by injecting 5% carrageenan/kaolin into the knee joint. The thickness of the paw was measured using a vernier caliper.
Results:
When compared to the control group, the extract of Tribulus terristris exhibits strong anti-arthritic effect. The activity increases with the dose concentration.
Conclusion: 
The Tribulus terristris has anti-arthritic activity, and its efficacy rises in a dose-dependent way.
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INTRODUCTION:
The use of plants as medicines dates back to the earliest years of human evolution, with plants being the main source of drugs for the world's population. Today, 75% of the world's population still relies on plants and other tools of traditional medicine, as they are unable to access or afford allopathic medicines. Medicinal plants have provided inspiration for novel drug compounds, as they have made significant contributions to human health and well-being (1), (2), (3), (4). The World Health Organization (WHO) suggests that medicinal plants are the best source for obtaining a variety of drugs, as they contain minimal or no side effects (5).
Phytomedicines, derived from various plant products, are used in various fields, including agriculture, human therapy, veterinary medicine, and scientific research. The bioactive constituents of plants, known as phytochemical components, include tannins, carbohydrates, alkaloids, terpenoids, phenolic compounds, steroids, and flavonoids. The pharmacological potential of just 15% of the 300,000 herbal species worldwide has been investigated, which encourages the creation of new drugs from natural sources (6).
Rheumatoid arthritis (RA) is an autoimmune disease where the body's immune system mistakenly attacks joints, causing inflammation and joint damage. This inflammation can damage cartilage, the elastic tissue covering bones in joints, and the bones themselves. RA is a systemic disease, affecting the entire body and causing joint deformity (7). Unlike osteoarthritis (OA), RA is an autoimmune disease, causing joint damage by the body attacking itself (8).
There are several types of RA, including seropositive RA, which results in a positive rheumatoid factor blood test result, seronegative RA, which results in a negative rheumatoid factor blood test result and a negative anti-CCP blood test result, and juvenile idiopathic arthritis (JIA), which occurs in people younger than 17 years of age.
The cause of RA is not fully understood, but it is known that an abnormal immune system response leads to inflammation and joint damage. Genetic markers, hormones, and environmental factors are involved. The HLA shared epitope genetic marker has a fivefold greater chance of developing RA than without the marker. Other genes associated with RA include STAT4, TRAF1, C5, and PTPN22 (21). Other factors include infectious agents, female hormones, obesity, and stress responses. Environmental factors, such as exposure to cigarette smoke, air pollution, insecticides, and occupational exposures to mineral oil and silica, may also play a role in RA risk.
Individuals may not initially experience redness or swelling in their joints amid the early stages of RA, but they may instep experience inconvenience and solidness. Joint torment, delicacy, edema, solidness for at slightest six weeks, firmness in the morning for at slightest half an hour, modest joints, misfortune of extent of movement, redness, rheumatoid knobs, warmth, distortion, shortcoming, and weight misfortune are all illustrations of joint indications. Common side effects incorporate torment, fatigue, craving misfortune, and a low-grade temperature. Organs and substantial frameworks like the eyes, mouth, skin, breathing blood supply routes, and blood itself can all be affected by RA. A primary care physician may suspect RA based on symptoms and medical history, and a rheumatologist will perform a physical exam and order diagnostic tests. Blood tests are used to check the level of inflammation and to detect specific antibodies that are linked to rheumatoid arthritis. Common markers include rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP), which are present in about 60–70% of RA patients and may appear even before symptoms develop. Imaging scans can also help identify joint damage; however, if no damage is visible, it usually suggests that the disease is still in its early stages.
In treating rheumatoid arthritis (RA), the main aim is to control inflammation, reduce discomfort, prevent damage to joints and other organs, and support better mobility and overall health. Long-term risks are also managed by using approaches such as starting treatment early, using intensive therapies when needed, keeping the disease under close control, and working toward remission.
Nonsteroidal painkillers (NSAIDs), steroids, disease-modifying antirheumatic medications (DMARDs), biologics, and surgery are among the medications used to treat RA. DMARDs aim to alter the progression of arthritis, whereas NSAIDs reduce pain and inflammation. Biologics can slow, alter, or even reverse the disease by focusing on particular stages of the inflammatory process. Increased risk of infection, blood problems, congestive heart failure, demyelinating illnesses, cancer, and JAK inhibitors are among the adverse effects.
 For those with RA who have irreversible damage that restricts their everyday function, mobility, and independence, surgery may be a viable alternative. In joints severely affected by RA, joint replacement surgery can reduce pain and restore function. Among the procedures are arthrosis, synovectomy, tendon repair, and hip and knee replacements. Complementary therapies include acupuncture, chiropractic, electrotherapy, hydrotherapy, massage, nutritional supplements, and osteopathy. Risk factors for RA include sex, age, family history, smoking, environmental exposures, and obesity.
Rheumatoid arthritis increases the risk of developing osteoporosis, rheumatoid nodules, dry eyes and mouth, susceptibility to infections, abnormal body composition, carpal tunnel syndrome, heart problems, lung disease, lymphoma, tendon rupture, cervical myelopathy, and vasculitis. People with RA should ensure their vaccinations are up-to-date, maintain a healthy body mass index, and avoid certain medications.
In summary, rheumatoid arthritis treatment focuses on reducing inflammation, relieving symptoms, preventing joint and organ damage, improving physical function, and reducing long-term complications (9).
Tribulus terrestris is a hardy annual plant from the caltrop family that grows across much of the world. It thrives in dry, harsh environments where most plants struggle to survive. Originally native to Africa and southern Eurasia’s warm regions, it later spread accidentally to places like Australia and North America. Because of its tough, invasive nature, it’s often labeled a troublesome weed. Its reputation mainly comes from its small, spiky fruits, or burs, which are strong enough to puncture bicycle tires, injure the mouths and skin of grazing animals, and even hurt people walking barefoot or in thin shoes.
Tribulus terrestris, a member of the caltrop family (Zygophyllaceae), is an annual plant that grows in many parts of the world. It is especially suited to dry and harsh environments where most other plants fail to thrive. Native to Africa and southern Eurasia’s warm regions, it later spread by accident to continents such as Australia and North America.
The plant is tough, invasive, and often considered a troublesome weed. This reputation comes from its fruit—a small, woody bur covered with hard, sharp spines. These spines are strong enough to puncture bicycle tires, wound the skin and mouths of grazing animals, and cause painful injuries to people walking barefoot or in thin shoes (10)
Tribulus terrestris is a herbaceous plant that typically grows as a summer annual in temperate regions. Its stems spread outward from the base, ranging in length from about 10 cm (4 inches) to over 1 meter (3 feet). While the plant often forms flat mats close to the ground, it can grow taller in shaded areas or among larger plants. The stems are densely hairy and branch out from the base, while the leaves are opposite, pinnate, and made up of small, hairy leaflets about 3 mm long.
The plant produces bright yellow flowers, 4–10 mm wide, each with five petals, five sepals, and ten stamens. In Southern California, it flowers from April to October, mainly in disturbed areas and waste grounds. After flowering, the fruit forms and splits into five hard segments, each 10 mm long and 4–6 mm wide with two to four sharp edges. These spiky parts resemble the horns of goats or bulls, which is why the plant has earned such common names. The burs are strong enough to puncture bicycle and other inflatable tires, injure bare feet, and cause wounds in the mouths of grazing animals.
Inside each bur, the seeds are arranged in layers separated by a tough membrane. To survive in dry climates, the largest seed germinates first, while the others stay dormant until sufficient moisture is available. The spiny burs easily attach to animal skin and fur, which helps the plant spread but often causes injuries and hair damage (11)
Chemically, T. terrestris contains a wide variety of compounds, including steroidal saponins, flavonoids, glycosides, phytosterols, tannins, terpenoids, amides, amino acids, and proteins. Of these, flavonoids and steroidal saponins are considered the most important because of their diverse biological activities (12).  Research has linked the plant to several potential benefits, such as improving sexual function, enhancing fertility and libido, preventing kidney stones, lowering blood sugar, protecting the heart, supporting nerve cells, boosting athletic performance, and even showing antitumor, antibacterial, antioxidant, anti-inflammatory, hepatoprotective, anthelmintic, larvicidal, anti-aging, memory-enhancing, and nutrient absorption–improving effects (13, 14, 15, 16, 17, 18)
TRADITIONAL PHARMACOLOGICAL USES 
TT is native to northern Australia, temperate and tropical regions of Asia and Africa, as well as corridor of southeastern and Mediterranean Europe. Its significance in traditional drug has been honoured across colourful societies in these areas, including traditional Chinese drug, Ayurveda from India, and traditional practices in southeastern Europe. The foremost known Chinese medicinal textbook," Shen Nong Ben Cao Jing," conceded TT as a largely valued medicinal factory in traditional Chinese drug. The Chinese Pharmacopoeia countries that the fruits of TT are used to treat skin itching, headaches, dizziness, bone conduit blockage, and order health. They're also used as a diuretic and expectorant for coughs, and are believed to ameliorate vision. In Ayurvedic drug, the fruits have been used to address issues similar as erectile dysfunction, low libido, incompetence, and gravidity. also, the fruits and roots are allowed to have heart- boosting parcels. TT has been used in Sudan to treat order inflammation and as a soothing agent. In Pakistan, it has been used for its capability to promote urination and reduce uric acid situations. Recent studies have linked flavonoids and steroidal saponins as the main composites responsible for the traditional medicinal benefits of TT, which are known for their anti-aging and anti-inflammatory goods. (19)




MATERIALS AND METHODS
PROCUREMENT OF PLANT MATERIAL
For the present investigation, seeds of Tribulus terristris were purchased from the local market in Guntur, Andhra Pradesh. The seeds were identified and authenticated by a botanist in Acharya Nagarjuna University, Guntur and the specimen sample is deposited in the Pharmacognosy division, Chalapathi Institute of Pharmaceutical Sciences.
EXTRACTION PROCESS
Extraction is a way to separate medicinally active portions of plant or animal tissues from the inactive or inert components. The mixture is brought into contact with selective solvents used in standard extraction procedures.
The procedure of extraction used for Tribulus terristris is homogenizer
The seeds are soaked in water for 14 hours and the soaked seeds are subjected to homogenising using an ultrtorax homogeniser at 16,000 rpm for 2 hours and the mucilage is collected by the process of filtration using an muslin cloth and the extracted mucilage is placed in hot air oven for 7 days at 400C until the extracted mucilage is collected in powdered form.
Qualitative screening of the ethanolic seed extract of Tribulus terristris was performed for the identification of various classes of active chemical constituents.

 IN VIVO METHOD
Animals:
Healthy adult male wistar rats weighing 250-300 gm were selected for the study. The animals were acclimatized to standard laboratory condition with temperature 25 ± 2ºC and fed with standard animal pellet feed (Nutrimix std-1021) and water ad libitum. The protocol was approved by Institutional by Animal Ethics Committee (Approval: 12/IAEC/CLPT/2023-24), and the experiment was carried as per CPCSEA guidelines (Reg no:1048/PO/Re/S/07/CPCSEA).
Preparation of dose for extracts
Ethanolic extract (125mg/kg,250 mg/kg & 500 mg/kg) of Tribulus terristris seed was formulated as suspension using 2% Tween-80 as solvent. The strength of the suspension was according to the dose administered and was expressed as weight of dried extract.
Formaldehyde induced arthritis model in rats 20 
Chemicals: formaldehyde solution, diclofenac sodium, 2% tween 80, ethanolic seed extract of Tribulus terristris.
Treatment Design:
Group I: Normal, control (2% v/v tween 80)
Group II: Rats received EETT (125mg/kg) + 0.1 ml 2% formaldehyde solution.
Group III: Rats received EETT (250mg/kg) + 0.1 ml 2% formaldehyde solution.
Group VI: Rats received EETT (500mg/kg) + 0.1 ml 2% formaldehyde solution.
Group V: Rats received Diclofenac (10 mg/kg p.o) + 0.1 ml 2% formaldehyde solution.
In this study, rats were separated into five groups, each comprising of five animals. Group I received only the vehicle and served as the normal (untreated) control. Groups II, III and IV received different doses of the plant doses of EETT (125mg/kg, 250mg/kg and 500mg/kg). While, Group V was given the standard anti-inflammatory drug, diclofenac.
Thirty minutes following the administration of the vehicle or test substances, arthritis was induced in all groups (except the normal control) by injecting 0.1 ml of formaldehyde into the left hind paw (designated as Day 1). For a further 28 days, the vehicle, diclofenac, and plant extract treatments were administered every day. A second formaldehyde injection was given on Day 3 in the same paw.
Paw thickness was measured using a vernier caliper on Days 1, 7, 14, 21, and 28.

Mono sodium urate crystal induced arthritis model 21
Chemicals: Mono sodium urate crystals, indomethacin, ethanolic seed extract of Tribulus terristris and 2% v/v tween 80
Preparation of Mono sodium urate crystals
Monosodium urate was dissolved in boiling water containing 1N NaOH. The pH was then adjusted to 7.2, and the solution was stirred at room temperature to allow gradual cooling. Crystals were collected by centrifuging at 4°C for 2 minutes at 3000 ×g. To ensure evaporation and sterilization, the crystals were heated at 180°C for two hours. Finally, they were stored under sterile conditions until use.

Treatment Design:
Group I: Normal, control (1% v/v tween 80)
Group II: Rats received EETT (125mg/kg) + 0.1 mL of MSU crystals (100 mg/mL)
Group III: Rats received EETT (250mg/kg) + 0.1 mL of MSU crystals (100 mg/mL)
Group VI: Rats received EETT (500mg/kg) + 0.1 mL of MSU crystals (100 mg/mL)
Group V: Rats received indomethacin (5 mg/kg) + 0.1 mL of MSU crystals (100 mg/mL)
In this study, rats were separated into five groups, each comprising of seven animals. Group I served as the normal control. Groups II to IV consisted of rats with MSU-induced arthritis that were treated with EETT at doses of 125mg/kg, 250mg/kg and 500mg/kg respectively. Group V animals were given indomethacin (5 mg/kg). 
Animals in Group V received 5 mg/kg of indomethacin. Arthritis was induced 60 minutes following the administration of EETT on the seventh day. The procedure involved injecting 0.1 mL of MSU crystals (100 mg/mL) 0.1 ml 2% formaldehyde solution into the left ankle joint of sedated rats (10% chloral hydrate, 0.3 mL/100 g, intraperitoneally). A vernier caliper was used to measure the joint volume prior to the injection in order to assess the start of arthritis. Following injection, measurements were made at 6, 12 and 24.
CARRAGEENAN/KAOLIN-INDUCED ARTHRITIS MODEL IN RATS22
Six-week-old male Sprague-Dawley (SD) rats weighing between 200–230 g were randomly assigned to five groups (n = 6 per group): 
Group I: Normal, control (1% v/v tween 80)
Group II: Rats received EETT (125mg/kg) +150 µL of 5% carrageenan.
Group III: Rats received EETT (250mg/kg) + 150 µL of 5% carrageenan.
Group VI: Rats received EETT (500mg/kg) + 150 µL of 5% carrageenan.
Group V: Rats received Diclofenac (10 mg/kg p.o) + 150 µL of 5% carrageenan.
The carrageenan/kaolin model, a well-established method for simulating rheumatoid arthritis, was used to induce arthritis by injecting 150 µL of 5% carrageenan/kaolin into the left knee joint on day 0.
The thickness of the paw was measured using vernier calliper on day 1, 5, 10 an14.

RESULTS:
Preliminary phytochemical analysis of Tribulus terristris.
Phytochemical analysis of the ethanolic extract of Tribulus terrestris showed that it contains carbohydrates, alkaloids, glycosides, flavonoids, both aldose and ketose sugars, fats, phenolic compounds, amino acids, and tannins.
Table I: Phytoconstituents present in EETT
	PHYTOCONSTITUENTS
	CEHS

	Alkaloids
	+

	Glycosides
	+

	Saponins
	+

	Steroids
	-

	Flavonoids
	+

	Phenols
	-

	Tannins
	+

	Fats
	-

	Proteins and amino acids
	+


           Note: + Indicates present
·  Indicates absent
FORMALDEHYDE INDUCED ARTHRITIS
Table II: Effect of EETT on in Formaldehyde induced arthritis model.

	Timeline
	Change in thickness of paw(mm)

	
	Control
	EETT-125 mg/kg
	EETT-250 mg/kg
	EETT-500 mg/kg
	Standard

	Day 1
	4.92
	4.26
	4.24
	3.72
	3.54

	Day 7
	3.27
	2.32
	2.33
	1.89
	2.5

	Day 14
	2.72
	1.66
	1.31
	1.34
	1.19

	Day 21
	1.57
	1.19
	1.47
	1.02
	0.9

	Day 28
	1.44
	1.15
	1.2
	1
	0.81


All the values are mean; n=5 rats in each group, by two-way ANOVA, Tukey’s Multiple Comparison Test. Significance; **: P=0.0054 (Group I when correlated with Control), **: P=0,0050 (Group II when correlated with Control), ***: P=0.0001 (Group III when corelated with Control).
[image: ]Fig 1: Effect of EETT in Formaldehyde induced arthritis model.

Mono sodium urate crystal induced arthritis model
Table III: Effect of EETT on Uric acid induced arthritis model.
	Timeline
	Change in thickness of paw(mm)

	
	Control
	Group I (EETT-125 mg/kg)
	Group II (EETT-250 mg/kg)
	Group III (EETT-500 mg/kg)
	Standard

	1st Hour
	3.26
	2.82
	2.42
	1.98
	1.64

	  6th hour
	2.71
	1.82
	1.44
	1.54
	1.02

	 12th Hour
	2.02
	1.54
	1.43
	1.23
	0.95


All the values are mean; n=7 rats in each group, by two-way ANOVA, Tukey’s Multiple Comparison Test. Significance; *: P=0.0260 (Group I when correlated with Control), **: P=0.0025 (Group II when correlated with Control), ***: P=0.0007 (Group III when corelated with Control).
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Fig. 2: Effect of EETT on mono sodium urate crystal induced arthritis model.

Carrageen Induced Arthritis
Table IV: Effect of EETT on Carrageenan induced arthritis model.
	Timeline
	Change in thickness of paw(mm)

	
	Control
	EETT-125 mg/kg
	EETT-250 mg/kg
	EETT-500 mg/kg
	Standard

	Day 1
	1.23
	1.01
	1.1
	0.91
	0.61

	Day 5
	2.31
	1.42
	1.32
	1.22
	0.79

	Day 10
	3.54
	2.23
	2.12
	1
	1.24

	Day 14
	3.1
	1.89
	1.73
	0.99
	0.82


All the values are mean; n=6 rats in each group, by two-way ANOVA, Tukey’s Multiple Comparison Test. Significance; *: P=0.0406 (Group I when correlated with Control), **: P=0.0262 (Group II when correlated with Control), ***: P=0.0004 (Group III when corelated with Control).
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Fig. 3: Effect of N-HTT on Carrageenan induced arthritis model

DISCUSSION
Various animal models are used in the preclinical research in inflammatory arthritis. Formaldehyde induced arthritis is well established rat model which have been extensively used in the evaluation of anti-arthritic potential of various agents in preclinical research. The current study focusing the in-vivo anti- arthritic activity of ethanolic seed extract of Tribulus terristris. Phytochemical analysis was done and found that the following phytoconstituents, alkaloids, carbohydrates, steroids, saponins, tannins, flavonoids, phenols, terpenoids, proteins and amino acids, glycosides, fixed oils and fats. Suppression of several arthritic indicators and joint oedema were the study's main conclusions. 
Changes in the joint volume of the formaldehyde induced arthritic rats were measured using digital plethysmometer. From the results obtained, it was observed that CEHS 500mg/kg was effective in equivalent to the standard drug Dexamethasone on reducing the increase in paw volume, whereas CEHS 250mg/kg showed moderate effect on prevention of paw oedema compared to the arthritic control group. Significant swelling in the hind paw is a hallmark of primary chronic arthritis in rats with formaldehyde-induced arthritis. In primary reaction, prostaglandin generations occur, which is followed by swelling in contralateral and ipsilateral paws (secondary chronic arthritis) in which autoantibodies are generated. A good antiarthritic agent should be able to suppress one or both of these phases. Recent studies have shown the role of various proinflammatory mediators such as tumour necrosis factor (TNF-𝛼), interleukin-1 beta (IL-1𝛽), and platelet derived growth factor (PDGF) in the pathogenesis of RA.
Anemia is commonly noted in patients with chronic arthritis. The two most common explanations are gastrointestinal blood loss due to arthritis medications and bonemarrow changes in patients with inflammatory arthritis, which prevents the release of iron for incorporation into red blood cells. In CFA induced arthritis model, arthritic control rats showed reduced RBC and WBC count, reduced Hb count, and increased erythrocyte sedimentation rate (ESR) and RF levels. It is proposed that the reduction in the Hb count during arthritis results from reduced erythropoietin levels, a decreased response of the bone marrow erythropoietin, and premature destruction of red blood cells. Similarly, an increase in the ESR is attributed to the accelerated formation of endogenous proteins such as fibrinogen and 𝛼/𝛽 globulin, and such a rise in the ESR indicates an active but obscure disease process. The acute phase proteins in ESR share the property of showing elevations in the concentration in response to stress or inflammations like injection, injury, surgery,andtissuenecrosis. 
Plasma cells produce antibodies (e.g., IgM) that contribute to these complexes. Serum RF measures the amount of antibody IgM titre present in the serum. RF is the immunological expression of an individual’s immune system reaction to the presence of an immunoglobulin molecule that is recognized as nonself. This response to the nonself immunoglobulin results in the presence of immune complexes; these in turn bind to the complement and may eventually lead to destruction of synovium, cartilage, and bone. The higher the levels of serum RF, higher the development of inflammation. Determination of serum RF levels in rheumatoid arthritis is essential to understand and measure the disease progression and to facilitate the development of novel treatments for rheumatoid arthritis.
Further study on this plant may promote use of this plant in RA and may give detailed mechanism of plant product.
Conclusion
The results of the present study suggest that the extract of Tribulus terrestris have good anti-arthritic potential. By enhancing hematinic qualities and clinical indicators such paw edema, joint diameter, and histological analysis, it shows its positive impact during arthritis rehabilitation. The effect may be due to the inhibition of phospholipase A2 and prostaglandins similar to the effect of Methotrexate. The anti-arthritic effect of ethanolic extract of Tribulus terrestris, established in this study could be attributed to the presence of flavonoids, triterpenoid, saponins, tannins and steroids detected after phytochemical screening. The study predicts that the Tribulus terrestris provides pharmacological rationale for the traditional use of the plant against inflammation disorders like rheumatoid arthritis. However, further studies are needed to identify and isolate the possible phytoconstituents involved in the antiarthritic activity, which would facilitate the use of Tribulus terrestris in inflammatory disease.
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