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Abstract

:

Tongkat ali (Eurycoma longifolia Jack) (ELJ) is a plant in the Simaroubaceae family. Its roots are used in traditional Thai medicine to treat inflammation, pain, and fever; however, the antiulcer abilities of its ethanolic extract have not been studied. This study examined the anti-inflammatory, antinociceptive, antipyretic, and gastroprotective effects of ethanolic ELJ extract in animal models and found that ELJ effectively reduced EPP-induced ear edema in a dose-dependent manner and that a high dose of ELJ inhibited carrageenan-induced hind paw edema formation. In cotton-pellet-induced granuloma formation, a high dose of ELJ suppressed the increases in wet granuloma weight but not dry or transudative weight. In the formalin-induced nociception study, ELJ had a significant dose-dependent inhibitory impact. Additionally, the study found that yeast-induced hyperthermia could be significantly reduced by antipyretic action at the highest dose of ELJ. In all the gastric ulcer models induced by chemical substances or physical activity, ELJ extracts at 150, 300, and 600 mg/kg also effectively prevented gastric ulcer formation. In the pyloric ligation model, however, the effects of ELJ extract on gastric volume, gastric pH, and total acidity were statistically insignificant. These findings support the current widespread use of Eurycoma longifolia Jack in traditional medicine, suggest the plant’s medicinal potential for development of phytomedicines with anti-inflammatory, antinociceptive, and antipyretic properties, and support its use in the treatment of gastric ulcers due to its gastroprotective properties.
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1. Introduction


Inflammation is a complicated response of living tissues to injury, one which can significantly affect health and lifestyle [1]. For decades, inflammation has been treated with anti-inflammatory medications, primarily non-steroidal anti-inflammatory drugs (NSAIDs), although several side effects of those medications have been reported, including nausea, vomiting, dyspepsia, stomach pain, ulcers, and bleeding [2]. One anti-inflammatory drug, cyclooxygenase-2 (COX-2) selective inhibitors, has been linked to cardiovascular side effects [3], prompting the search for suitable alternatives to these often-prescribed drugs in foods and herbs [4,5]. In addition to reducing the risk of adverse effects of long-term exposure to anti-inflammatory drugs, another desirable objective is to identify natural ingredients that not only do not cause gastric ulcers, but which can also reduce their incidence.



Eurycoma longifolia Jack (ELJ), also known as tongkat ali, is an herbaceous plant belonging to the Simaroubaceae family which possesses several therapeutic properties. The therapeutic pharmacological effects of ELJ are attributed to the presence of numerous bioactive chemicals, including quassinoids, tirucallanes of the triterpene type, squalene derivatives, eurycomalactone, and bioactive steroids [6]. Various biologically active compounds found in ELJ roots, stems, and leaves, and even in bark, are linked to various pharmacological effects [7]. In the Thai medical tradition, the roots of ELJ have antipyretic properties extracted by boiling 1 handful of dried roots (weighing 8–15 g) with drinking water before breakfast and dinner twice daily [8,9]. In addition, ELJ root extracts have been used as analgesic and anti-inflammatory treatments [10,11]. Furthermore, root preparations of ELJ have been used to treat various illnesses, including malaria, fever, impotence, and loss of sexual desire [12,13,14]. In previous studies, the analgesic activity of ELJ was evaluated using the hot plate and acetic acid tests in mice, and its anti-inflammatory effect was demonstrated in carrageenan-induced paw edema in mice [15]. Notably, it is a component in the Chantaleela recipe, which in Thai traditional folk medicine is prescribed for fever relief and as an anti-inflammatory [14,16]. Apart from antipyretic effects and anti-inflammatory uses, it has been shown that “Radix” herbal remedies made from Althaea officinalis L., including ELJ, can successfully protect gastric mucosa against ethanol-induced gastric lesions [17]. Although ELJ roots have been used in Thai traditional medicine, particularly in the Chantaleela formula, which has exhibited efficacy as an antipyretic treatment [16], there have been limited animal investigations on the anti-inflammatory, antipyretic, or gastroprotective effects of ELJ.



To investigate the therapeutic characteristics traditional medicine has attributed to this medicinal plant, we studied the anti-inflammatory and antinociceptive effects of the ethanolic root extract of Eurycoma longifolia Jack (ELJ) in vivo on experimental animals. As various non-steroidal anti-inflammatory medicines (NSAIDs) frequently produce mucosal lesions in human stomachs, we also investigated the gastroprotective effect of ELJ extracts using models of gastric ulcers.




2. Materials and Methods


2.1. Chemicals and Reagents


Aspirin, phenylbutazone, morphine, and prednisolone were purchased from Schering (Bangkok) Ltd., Bangkok, Thailand. Absolute ethanol, carrageenan, ethyl phenylpropiolate (EPP), scopoletin, umbelliferone, cimetidine, and indomethacin were obtained from Sigma Chemical Company (St. Louis, MO, USA). All other chemicals were of analytical grade.




2.2. Extract Preparation


Eurycoma longifolia Jack (ELJ) was obtained from Vejpong-Osot Drug Store in Bangkok, Thailand. Associate Professor Dr. Noppamas Soonthornchareonnon conducted the species identification, including comparing the ELJ preparation to an authentic sample of the crude drug at the Faculty of Pharmacy Plant Museum, Mahidol University, Bangkok, Thailand, and evaluating its properties in accordance with Thai Herbal Pharmacopoeia methods, e.g., organoleptic examination, extractive values, % loss on drying, total ash, and acid insoluble ash [18]. To prepare an ethanolic extract of ELJ, 5 kg of dried ELJ was macerated in 18 L of 95% ethanol for 5 days, then filtered through Whatman No. 1 filter paper (Sigma-Aldrich, St. Louis, MO, USA) and concentrated at 40 °C using a rotary evaporator (EYELA, Tokyo, Japan). The root extract of Eurycoma longifolia Jack yielded a weight-to-weight ratio of 1.80%.




2.3. Phytochemical Constituents of E. longifolia as Determined by TLC


The chemical constituents of the ethanolic ELJ extracts were investigated using a modified Tung et al. approach, utilizing thin-layer chromatography (TLC) [19]. The ELJ extract was spread on aluminum plates precoated with silica gel 60 GF (254) (Merck, Darmstadt, Germany), and dichloromethane:methanol (95:5) was used for the mobile phase. The reference standards were scopoletin and eurycomalectone. After development, the TLC plates were placed in a drying chamber. Components were detected under 254 nm and 366 nm UV light, and the plate was then sprayed with 10% KOH, anisaldehyde-sulfuric acid, anisaldehyde-sulfuric acid, and a natural product spraying reagent. The migration distances of unidentified points were compared to standard compounds using Rf values, which were determined as follows: Rf = spot migration distance/solvent migration distance.




2.4. Identification of Phytochemicals by High-Pressure Liquid Chromatography (HPLC)


As in previous studies, each sample was analyzed using high-performance liquid chromatography (HPLC) [20,21]. Briefly, a Spheri-5 RP18 column, 220 mm × 4.6 mm i.d. (Perkin-Elmer®, Waltham, MA, USA) HPLC column, was used. Mobile phases consisted of methanol and water (content 0.02% phosphoric acid) (23:77) with isocratic systems at a 1.2 mL/min flow rate. A quantum of 20 μL of each sample was injected into the column, with a flow rate of 1.0 mL/min, and monitored with a diode array detector at 345 nm; the column temperature was kept at 23–25 °C.




2.5. Animals


Male Sprague-Dawley rats weighing 180 and 200 g, bred by the National Laboratory Animal Center, Mahidol University, Nakhon Pathom, Thailand, were used in this study. Standard animal care was maintained throughout the study period in accordance with the laws and regulations governing animal care and use. The room was kept at 25 ± 1 °C and 60% humidity, with a 12-h day/night interval. Food and water were provided ad libitum throughout the study. After transfer to the animal room, all animals received at least 1 week of care before the experiment began. All animal studies were approved by the Research Ethics Committee for Animal Studies (Study code: 0003/2008), Faculty of Medicine, Thammasat University, Pathum Thani, Thailand.




2.6. Test Substance Administration


In each animal experiment, the control group received the same route and volume of vehicles as the test group. In the ear edema model, 20 µL/ear of ELJ extracts and a reference drug (ibuprofen) were applied topically to the ears of rats. A total of 5 mL/kg body weight of ELJ extracts and reference drugs (aspirin, morphine, and prednisolone) were administered by oral gavage to the other models.




2.7. Anti-Inflammatory Activity


2.7.1. Ethyl Phenylpropiolate (EPP)-Induced Ear Edema


To investigate the topical anti-inflammatory impact of ELJ extracts, a modified version of the method reported by Brattsand et al. (1982) [22] was used. Thirty male Sprague-Dawley rats weighing 40–60 g were randomly assigned into five groups of six rats each. EPP was dissolved in acetone and topically administered to the inner and outer surfaces of both ears at a dose of 1 mg/ear. The acetone (vehicle control), ELJ extracts (1, 2, and 4 mg/ear), or ibuprofen (1 mg/ear) were applied to the ear immediately before EPP administration. The ear thickness was measured with digital vernier calipers beforehand, and at 15, 30, 60, and 120 min after edema induction. The test substances’ ear edema inhibition was then determined. The percentage of inhibition was calculated by comparing the increase in ear thickness of each test group to that of its control group.




2.7.2. Carrageenan-Induced Hind Paw Edema in Rats


Thirty-six rats weighing 100–120 g were divided randomly into six groups (6 rats per group). On the plantar side of the right hind paw of the rats, carrageenan (0.05 mL, 1% w/v in NSS) was injected intradermally. Aspirin (300 mg/kg, p.o.) or ELJ extracts (300, 600, and 1200 mg/kg) were administered 1 h before carrageenan administration. The edema of the right hind paw was measured beforehand, and at 1, 3, and 5 h after carrageenan injection using a plethysmometer (model 7150, Ugo Basile, Italy) [23]. The degree of decrease in the difference in paw edema volume between the left (without carrageenan) and right (with carrageenan) hind paws were used to determine the anti-inflammatory activity of the ELJ extracts (mL). The percentage of inhibition was estimated by comparing each test group’s decreased paw thickness to that of the corresponding control group.




2.7.3. Cotton-pellet-induced Granuloma Formation in Rats


Twenty-four rats weighing 200 to 250 g were divided randomly into four groups of six each. Two sterile cotton pellets (19–21 mg) were implanted subcutaneously, one on each side of the rat’s abdomen, while the rats were under anesthesia. Each group of rats then received distilled water (0.5 mL/100 g, p.o.), aspirin (300 mg/kg/day, p.o.), prednisolone (5 mg/kg/day, p.o.), or ELJ extract (1200 mg/kg/day, p.o.) daily for 7 days. On the eighth day, the rats were anesthetized, and the implanted pellets were dissected. The pellets’ wet and dry weights (dried at 60 °C for 18 h) were determined. The granuloma inhibition and transudative weight were calculated. The thymus gland dry weight and the animals’ body weight were also measured [24].





2.8. Formalin-Induced Nociception Model


The formalin test was conducted using Swiss albino mice following the procedures described above [25]. The behavior of the mice after receiving an intraplanar injection of 20 mL 2.7% formalin (1% formaldehyde) in saline into the ventral surface of the right hind paw was observed. The licking reaction time during the first five minutes following the injection was recorded as the neurogenic or initial response; the licking reaction during the period 20–30 min after injection was recorded as the late or inflammatory pain response. One hour before the formalin injection, the mice were administered either ELJ extracts (300, 600, or 1200 mg/kg) or saline solution (10 mL/kg) orally (by gavage). As an indicator of nociception, the duration of the animals’ licking of the injected paw was measured with a chronometer after formalin injection and placement in 20-cm-diameter glass cylinders. The data were analyzed using the following equation to determine the mean percent inhibition of licking response (PIL).


  P I L =   L i c k i n g   r e s p o n s e   t i m e     c o n t r o l   − L i c k i n g   r e s p o n s e   t i m e   ( t r e a t e d )   L i c k i n g   r e s p o n s e   t i m e   ( c o n t r o l )   × 100  












2.9. Antipyretic Activity


Thirty male rats weighing 180–200 g, randomly divided into five groups of six rats each, were subjected to the yeast-induced hyperthermia model, following Mizui et al. [26]. A 12-channel electronic thermometer (LETICA, model TMP 812 RS, Panlab S.L., Cornellà de Llobregat, Spain) was used to determine rectal temperatures at baseline. To induce hyperthermia, yeast was injected subcutaneously (1 mL/100 g body weight, 25% brewers’ yeast w/v in NSS). After 18 h, rectal temperatures were measured again. Dosages of 5% Tween 80, aspirin (300 mg/kg), or ELJ extracts (75, 150, or 300 mg/kg) were administered orally to rats with a temperature increase of greater than 1 °C. Rectal temperatures were measured at 30, 60, 90, 120, and 180 min after treatment, and again after 18 h.




2.10. Gastric Ulcer Models


All gastric ulcer experiments were performed in 12 h fasted rats. Water ad libitum was allowed up to 1 h before drug administration. For each experiment, 30 rats were randomly allocated into 5 groups of 6 rats each as follows: group 1 received sterile water (control), group 2 received standard treatment (100 mg/kg of cimetidine), group 3 received 150 mg/kg of ELJ extract, group 4 received 300 mg/kg of ELJ extract, and group 5 received 600 mg/kg of ELJ extract. The rats were monitored for symptoms and any adverse effects. The rats were also given a high dose of ELJ extract (600 mg/kg) daily for 14 days to investigate whether ELJ could cause a gastric ulcer.



2.10.1. Ethanol/Hydrochloric Acid (EtOH/HCl)-Induced Gastric Lesions


The gastric ulceration ethanol evaluation was conducted using an acidified solution, as modified from a published methodology [27], using thirty rats (6 rats per group). One hour after oral administration of the test drugs, 0.1 mL of EtOH/HCl solution (consisting of 60 mL of absolute ethanol, plus 12.5 mL of HCl and 27.5 mL of water) was orally administered to the rats in all groups. After one hour, the rats were sacrificed, using thiopental sodium induction, before evaluating gastric lesions. An incision was made along the greater curvature of the stomach, exposing the gastric mucosa. The size of the gastric ulcers was measured in millimeters (mm) under a 10-x microscope. The size of the lesions was converted to an ulcer index (UI), using the following formula:


  U l c e r I n d e x ( U I ) =   S u m   o f   t h e   t o t a l   l e n g t h   o f   l e s i o n s   i n   e a c h   g r o u p   N u m b e r   o f   r a t s   i n   t h a t   g r o u p    



(1)







Then, the percentage of gastric ulcer inhibition (% inhibition) of each test drug was estimated using the following formula:


   % Inhibition  =   U I c − U I t   U I c   × 100  



(2)




where UIc is the “ulcer index of the control group” and UIt is the “ulcer index of the test group”.




2.10.2. Indomethacin-Induced Gastric Lesions


Indomethacin is known to cause significant adverse reactions, including petechial hemorrhage, inflammatory lesions, and erosions of the stomach mucosa [28,29,30]. A dose of 30 mg/kg indomethacin suspension in 5% Tween 80 was administered intraperitoneally to each of the animals in all groups. Five hours later, the rats were sacrificed to determine gastric lesions. Ulcer indexes and % inhibition of gastric ulcers were calculated.




2.10.3. Restraint Water Immersion Stress-Induced Gastric Lesions


Water immersion and stress-induced gastric lesions in rats, a combination of physical and psychological stressors, resulted in lesions that mimicked those caused by sepsis, trauma, or surgery [31,32]. After the rats had been fasted for 48 h without food and 1 h without water, they were randomly divided into 5 groups of six each, and the test drugs were administered orally. One hour after drug administration, the rats were placed in stainless steel cages that fit only one animal per cage, with the head upright for 5 h, and the cages immersed in a cold-water tank (20 ± 2 °C). The water level was maintained at the rats’ chest level. The rats were then sacrificed, and the gastric lesions were measured. The ulcer indexes and % inhibition were compared between groups.





2.11. Pylorus Ligation


One hour after drug administration, general anesthesia was administered to each rat. Laparotomy and pyloric ligation were performed, followed by skin closure [33]. Five hours later, the animals were sacrificed. Their stomach and gastric contents were removed. After being centrifuged at 2500 rpm for 5 min, the gastric juice was tested for total volume and pH, as well as total acidity in the supernatant. Quantifying the total acidity of gastric juice was performed by titration with 0.1 N NaOH to an endpoint of pH 7.4 using phenolphthalein as the indicator to determine the amount in ml and µEq per 100 g body weight of the rat each hour. Gastric ulcers were measured at their greatest length (mm), and then UI and percentage of ulcer inhibition were calculated.




2.12. Statistical Analysis


One-way analysis of variance (ANOVA) and the post hoc least significant difference (LSD) test were used to compare the data between groups using GraphPad Prism 9.0 software (GraphPad Software, Inc., San Diego, CA, USA). Data are shown as mean ± standard error of the mean (SEM). p-values less than 0.05 were considered statistically significant.





3. Results


3.1. Specification of E. longifolia Jack by TLC and HPLC Determinations


Screening for phytochemicals was performed on the root ELJ in accordance with the protocol for the standard method. The saponin, the terpenoids, and an unidentified blue-colored compound were found in the tested sample. The results of their respective quality tests, which were conducted according to the 2018 Thai Herbal Pharmacopoeia, are shown in Table 1.



Scopoletin and eurycomalectone were selected as reference standards, and their Rf values were measured, as represented in Figure 1. Scopoletin was seen as spots under 254 and 366 nm UV light in 10%KOH, an anisaldehyde–sulfuric-acid reagent with UV at 366 nm, and a natural product spraying reagent with Rf = 0.40. While under 254 nm UV light and with an anisaldehyde–sulfuric-acid reagent, eurycomalectone appeared as a spot with Rf = 0.50. The ethanolic extract of ELJ resulted in a blue band with Rf = 0.40 under 254 and 366 nm UV light, 10%KOH, an anisaldehyde–sulfuric-acid reagent with UV at 366 nm, and natural product spraying, suggesting the presence of scopoletin. Unlike the standard eurycomalectone, the ethanolic extract ELJ exhibited bands under 366 nm UV light, 10% KOH, and a natural product spraying reagent with Rf = 0.52. Consistent with the previous study, it was reported that scopoletin and eurycomalectone are components of an ethanolic extract of E. longifolia Jack [34,35].



Apart from TLC, scopoletin was also seen as a clear peak in HPLC, and the amount of it in the ELJ extract was then quantitatively compared to the standard (Figure 2A) and umbelliferone with a well-separated retention time from scopoletin was used as an internal standard to correct for volume errors (Figure 2B). According to HPLC analysis, scopoletin accounted for 12.590 µg/mL of the ELJ extract, which was determined to be 0.252% w/w of crude extract. The result implies that scopoletin in TLC results were consistent with HPLC analyses. Therefore, the presence of scopoletin and eurycomalectone in our study on the analyzed ELJ extracts was consistent with the previous research. In the future, the TLC technology could be paired with mass spectrometry for the identification of chemical components that have been separated.




3.2. EPP-Induced Ear Edema


As indicated in Figure 3, EPP applied topically to the ears of rats caused ear edema after 15 min. The maximal effect lasted one hour and then progressively diminished. All treatments, including ELJ extracts and phenylbutazone, significantly decreased ear edema formation with equivalent inhibition percentages at all evaluation time points.




3.3. Carrageenan-Induced Hind Paw Edema


Figure 4 shows the inhibitory effect of oral treatment of ELJ extracts on carrageenan-induced paw edema in rats. The injection of carrageenan caused edema of the hind paw within 1 h, with the maximum effect occurring after 3 h. Only ELJ extract at a high dose (1200 mg/kg) and aspirin (300 mg/kg) effectively prevented hind paw edema formation at all assessment time points, with the greatest inhibition at 1 h after carrageenan administration. This inhibitory impact of ELJ extracts appeared to be dose dependent.




3.4. Cotton-Pellet-Induced Granuloma Formation


Aspirin (300 mg/kg/day) and ELJ extract (1200 mg/kg/day) tended to reduce transudative weights and granuloma weights, as shown by their granuloma inhibition of 4% and 25%, respectively, except for prednisolone (5 mg/kg/day), which significantly reduced from those of control groups, as shown by their granuloma inhibition of 37%. (Table 2). As shown in Table 3, the body weight gain and dry thymus weight did not differ substantially between the prednisolone, aspirin, and ELJ extract groups.




3.5. Formalin-Induced Nociception Model


In the formalin test, the control group’s average licking duration was 67.8 s in the early phase and increased to 93.8 s in the late phase (Table 4). All treatments (aspirin, morphine, and ELJ extracts) significantly inhibited the paw licking in both phases in a dose-dependent manner. In the early phase, the percentage inhibition of paw licking by ELJ extracts at 300, 600, and 1200 mg/kg were almost the same, accounting for 34%, 38%, and 43%, respectively. However, in the late phase, maximum inhibition was recorded for aspirin (100%), followed by morphine (98%) and ELJ extracts ranging from 88–97%, which was comparable to standard.




3.6. Antipyretic Activity


As shown in Table 5, the rectal temperature of all mice was increased 18 h after the baker’s yeast injection. Aspirin at 300 mg/kg and ELJ extract at 1200 mg/kg dose significantly reduced hyperthermia at all time points (Table 5).




3.7. Anti-Ulcerogenic Activities of ELJ Extract in Gastric Ulcer Models


Administration of ELJ to rats at the highest dose (600 mg/kg) for 14 days did not result in the development of stomach ulcers (Figure 5). The anti-ulcerogenic effect of ELJ extract was investigated using three gastric ulcer models. The EtOH/HCl-acid-induced gastric lesions model results in the most severe gastric mucosal injury in several hemorrhagic areas in the glandular part of the stomach. Administration of both ELJ extracts at 150, 300, and 600 mg/kg and cimetidine at 100 mg/kg appeared to reduce stomach lesions compared to the induction group. In comparison to the EtOH/HCl-acid-induced gastric lesions model, the indomethacin and restraint water immersion stress models produced fewer spots and less damage to the stomach glandular mucosa. In both models, stomach mucosal damage was reduced after treatment with either ELJ extract or cimetidine. In addition, there was no evidence of harm to the stomach in the group that received only ELJ extract.



3.7.1. Effect of ELJ on the EtOH/HCl-Induced Gastric Ulcer in Rats


In the EtOH/HCl-acid-induced gastric lesions model, ELJ extract at 150, 300, and 600 mg/kg demonstrated gastric ulcer inhibition levels of 55, 60, and 62%, respectively (Supplementary Table S3). The ulcer indexes were dramatically reduced compared to the control group after treatment with 150, 300, and 600 mg/kg of ELJ extract (Figure 6). Furthermore, ELJ extract had identical ulcer indexes and inhibition percentages at higher doses of 300 and 600 mg/kg. Additionally, cimetidine was found to have a more pronounced effect on reducing gastric ulcers than did ELJ extract, suggesting that treatments with ELJ extract may help reduce and prevent gastric lesions induced by EtOH/HCl.




3.7.2. Effect of ELJ and Cimetidine on Indomethacin-Induced Gastric Ulcer in Rats


With an ulcer index of 9.30 ± 0.59 mm, the indomethacin-induced damage to the gastric glandular mucosa of the control group was evident (Supplementary Table S4). To the contrary, at all doses, rats treated with either cimetidine or ELJ exhibited dramatically reduced gastric lesions. At a dose of 600 mg/kg, ELJ inhibited gastric ulcers by a maximum of 93%, whereas cimetidine inhibited ulcers by 95% (Figure 7).




3.7.3. Effect of ELJ on Restrained Water Immersion Stress-Induced Gastric Ulcer in Rats


ELJ extract at doses of 150, 300, and 600 mg/kg and cimetidine at a dose of 100 mg/kg significantly reduced gastric ulcer formation induced by restrained water immersion stress in the rats (Figure 8). The percentage of inhibition from cimetidine at a dose of 100 mg/kg and ELJ extract at doses of 150, 300, and 600 mg/kg were 95, 71, 89, and 89% in the restrained water immersion stress-induced gastric lesions model (Supplementary Table S5). These findings suggest that ELJ extract might have the ability to reduce the severity of chemically and physiologically induced gastric ulcers.





3.8. Pylorus Ligation Model


None of the doses of ELJ extract reduced the gastric acid’s secretory rate or total acidity, or increased the intragastric pH in the pylorus ligation rat model (Table 6). Conversely, the secretory rate and total acidity in rats receiving 100 mg/kg of cimetidine decreased significantly compared to the controls.





4. Discussion


Presently, medical herbs are commonly used in the context of food additives for health maintenance, and plant products have also been increasingly found in the market, because herbs contain several natural materials, including phenolic acids and flavonoids, that are used in the treatment of diseases [36,37]. E. longifolia leaf decoctions are used to wash away itches, while its root bark is used to treat gastric ulcers, diarrhea, and fever. Additionally, its roots are utilized as an appetite stimulant and nutritional supplement [38]. Numerous investigations on the bioactivity of this plant have been conducted; however, the anti-inflammatory, antinociceptive, and antipyretic activities of ethanolic E. longifolia Jack (ELJ) and its protective efficacy against gastric ulcers have not been investigated. The present study focuses on ELJ’s antiulcer potential in animal models.



Apart from extraction, ethanol is commonly used to screen for phytoconstituents in plant extracts because of the ease with which it penetrates the cellular membrane, thus gaining access to intracellular targets [39]. Additionally, plants used in ethanolic extraction contain phytochemicals such as phenolic acids and flavonoids, which may be directly comparable to other solvents (e.g., hexane, ethyl acetate, or acetone), and ethanol can be used effectively to treat industrial waste [40]. Extraction methods increase composite amounts depending on the solvent used and the extraction process [41]. In 2010, Huang and Chang reported that ethanol may offer a higher yield [42]; in this study, we therefore chose to use ethanol for extraction.



From the chemical pattern of the effect of ELJ extract on TLC and HPLC, which was found in this study, we now qualify the efficacy of herbs using a control model approach following the Thai Herbal Pharmacopoeia (THP) formula [18] to generate the monograph of this plant. TLC studies have demonstrated that our ELJ extract contains scopoletin, while phytochemical screening revealed the presence of phenolics, tannins, flavonoids, and terpenes [43]. In addition to promoting wound healing, these compounds have been demonstrated as displaying antioxidant properties. In fact, the antioxidant activity of ELJ extract is positively correlated with flavonoid contents [44]. TLC fingerprints of the ELJ extract (Figure 1) were compared with the reference markers, such as scopoletin. Compared to eurycomalectone, the chromatographic pattern of the ELJ extract was noticeably weaker. Thus, eurycomalectone in ELJ extract contained fewer chemical elements than did the other samples, indicating that it was less effective. This discrepancy could have been caused by differences in the environmental conditions under which the plants were grown, or by the age of the plants when they were picked, among other factors [45]. The scopoletin TLC pattern resembles the ELJ extract pattern which we have observed in this study (Figure 1). Along with the first two components of ELJ (scopoletin and eurycomalectone), quassinoids are another crucial component that has been shown to protect against gastric ulcers in rats with pylorus ligation and indomethacin-induced gastric lesions [46]. The fractionation approach should be investigated further to study phytochemicals and active substances. In addition, other quassinoids, such as eurycolactone A, B, D, E, and F, process anti-inflammatory properties, while both eurycolactone and eurycomanol regulate signaling pathways involved in cell development, cell death, and inflammation [47,48].



In a previous study of an aqueous extract of Eurycoma longifolia Jack (ELJ) on reproductive functions in the rat [49], the effective dose range for ELJ was 200–800 mg/kg of body weight. This range of ELJ extracted by methanol or water has been used in various investigations [50,51]. The gastroprotective efficacy of ELJ extract administered at a dose of 100 mg/kg, compared to that of the standard drug cimetidine (100 mg/kg), for the prevention of development of acute gastric ulcers was investigated in restrained rats [52]. Based on that study, a dose range of 150–600 mg/kg body weight was selected as a safe and efficacious concentration for the ELJ administration to rats in this study. Due to its safety, the European Food Safety Authority (EFSA) classifies ELJ as a new food in Europe, and a 12-month chronic toxicity effect in rats at 250, 500, and 1000 mg/kg bodyweight per day revealed no toxicity for ELJ extract [53]. Moreover, Thailand Traditional Medicine has used it for years to treat malaria [14,16]. These results indicate that ELJ extract is safe for both animals and humans. Using various animal models, this study could demonstrate, for the first time, the anti-antinociceptive of Eurycoma longifolia Jack, but not the anti-inflammatory and analgesic activities.



ELJ has been a procedure widely used to screen and assess the anti-inflammatory activity of test compounds using the EPP-induced ear edema mode [22]. EPP triggers the release of pro-inflammatory mediators, including histamine, serotonin, kinins, and prostaglandins, resulting in an acute inflammatory response that causes vascular alterations, including vasodilation and an increase in vascular permeability, resulting in the creation of ear edema [54,55]. This study used phenylbutazone as a reference drug to inhibit cyclooxygenase (COX) [56]. Those pro-inflammatory mediators, as well as both phenylbutazone and ELJ extracts, effectively reduced EPP-induced ear edema. This indicates that the potential mechanism of action of ELJ extracts may involve the suppression of the production of these pro-inflammatory mediators.



Injecting carrageenan into the plantar surface of the hind paw induces an initial inflammatory reaction that results in a biphasic phase of paw edema, and it is a well-established model for testing the anti-inflammatory efficacy of various treatments [57,58]. During the first phase following carrageenan injection (0–2.5 h), kinins, serotonin, and histamine are released. The second phase (2.5–6 h) is characterized by the release of bradykinin, NO, and PGs, which are associated with the elevation of COX-2 and nitric oxide synthase (iNOS) activities, as well as oxygen-derived free radicals, in addition to neutrophil infiltration and activation in the injured areas [58,59]. For our current study, only an oral treatment with a high dose of either ELJ (1200 mg/kg) or aspirin (300 mg/kg) significantly reduced the production of carrageenan-induced rat paw edema during all measurement periods, demonstrating the recipe’s ability to modify the intensity of inflammation.



Cotton-pellet-induced granuloma formation, whose responses can be classified into three stages, is commonly used to examine the anti-inflammatory effects of test compounds on chronic inflammation [57]. The initial or transudative phase, which occurs 0–3 h following cotton pellet implantation, is characterized by fluid leaking from blood vessels due to increased vascular permeability. The second or exudative phase occurs 3–72 h after cotton pellet implantation, and is characterized by protein leaking from the bloodstream around the granuloma due to the significant increase in vascular permeability. The final or proliferative phase, lasting 3–6 days, is characterized by the development of granulomatous tissues resulting from the continual release of pro-inflammatory mediators [24,60]. According to Swingle and Shideman (1972), the weight of the fluid in the granuloma is correlated with the transudative component. In contrast, the weight of the dry pellet is associated with the amount of granuloma tissue deposited. In terms of therapy, steroids can decrease both the transudative and proliferative stages significantly, whereas NSAIDs, such as aspirin, can reduce these effects only moderately [61]. The present study showed that, although ELJ extract was unable to reduce transudative weight or suppress granuloma formation effectively, these effects were more pronounced when compared to aspirin but less pronounced when compared to prednisolone. Furthermore, the thymus’ weight and overall weight gain were unaffected by the ELJ extract. Thus, it appears improbable that ELJ extract has a steroid-like action. Taken together, these data suggest that ELJ extract can reduce chronic inflammation with an effect superior to that of aspirin but inferior to that of prednisolone. However, the mechanical effects of the ELJ extract need to be further explored.



The formalin test is a suitable and exhaustive model for testing the antinociceptive efficacy of pharmaceuticals. The early neurogenic pain phase is caused by the direct stimulation of nociceptors, whereas the late inflammatory pain phase is caused by the release of pro-inflammatory mediators [62]. In this investigation, all ELJ extract treatments significantly inhibited paw licking responses in both phases (Table 4). This finding indicated that ELJ extracts have analgesic efficacy through reducing early neurogenic pain and, in particular, late inflammatory pain. The percentage inhibition of licking response in the late phase was higher than in the early phase for all treatments, with comparable effects to aspirin, possibly due to decreased production or preferred inhibition of pro-inflammatory mediators such as prostaglandin, adenosine, and histamine in peripheral tissue.



It is generally believed that yeast-induced hyperthermia is caused by the activation of endogenous pyrogen and the consequent synthesis of pro-inflammatory mediators, which then act on the hypothalamus and drive prostaglandin E2 (PGE2) synthesis in the preoptic area of the anterior hypothalamus thermoregulatory centers [63,64]. The inhibition of prostaglandin synthesis could be a mechanism of antipyretic action comparable to that of acetaminophen and aspirin [65], and the inhibition of prostaglandin can be achieved by decreasing the activity of the cyclooxygenase enzyme. Several mediators contribute to fever, and their suppression is responsible for the antipyretic effect [66]. Only a high dose of ELJ extract (1200 mg/kg) effectively reduced the rectal temperature of yeast-infected rats. Thus, it can be hypothesized that the ELJ extract contained pharmacologically active components that could inhibit prostaglandin release. This result led to the hypothesis that ELJ extract could exert central antipyretic effects.



Since the undesirable gastrointestinal side effects of existing anti-inflammatory medications are major downsides, patients and physicians will welcome new anti-inflammatory drugs that could help avoid these problems, such as ELJ, an extract derived from a flowering plant Eurycoma longifolia Jack (Tongkat ali) of the family Simaroubaceae, which is native to Indonesia, Myanmar, Laos, and Thailand [6]. Most NSAIDs used to treat inflammation and pain also result in stomach ulcers [2]. We administered ELJ extract to rats for fourteen days, after first investigating its impact on gastric ulcers in rats. It was found that EJL extract could not be the cause of gastric ulcers. Subsequently, rats administered 150 to 600 mg/kg of ELJ extract were examined to determine whether it could prevent gastrointestinal tract ulcers.



Acidified ethanol can be administered orally, and is known to cause intracellular oxidative stress in the gastric mucosa, as well as disrupt gastric mucus, which can perturb superficial epithelial mucosa, cause cellular necrosis, and cause a gastric ulcer [67]. Moreover, the EtOH/HCl model showed that hydrochloric acid induces gastric ulcer formation via direct irritation of the gastric mucosa, while ethanol decreases gastric mucous production, endogenous glutathione, mucosal blood flow, and prostaglandins [68,69]. The results of this study show that rats given ELJ extract at doses of 150, 300, and 600 mg/kg had considerably lower ulcer indexes than did the controls. According to previous research, an aqueous extract of E. longifolia includes significant amounts of superoxide dismutase (SOD) and hydroxyl radical scavenging capabilities. SOD is an antioxidant that plays a crucial role in preventing oxidative stress. Thus, it is probable that the antioxidative impact of ELJ extract contributes to the reduction of acidified-alcohol-induced gastric ulcer formation. These findings are comparable with studies of the cimetidine group, indicating that ELJ extract exhibits gastroprotective activity. However, the mechanism of ELJ extract’s antioxidant activity in relation to the EtOH/HCl-induced gastric ulcer model should be explored for further.



The use of NSAIDs such as indomethacin typically causes gastric ulcers by disrupting the natural gastric mucosal barrier of hydrophobic mucous and bicarbonates. Inhibition of the cyclooxygenase-1 (COX-1) enzyme disturbs cytoprotective prostaglandin synthesis [70]. Additionally, indomethacin can cause direct damage to the mucosa by uncoupling the mitochondrial oxidative phosphorylation, which leads to an increase in the formation of reactive oxygen species (ROS) [71]. The anti-ulcerogenic effects were confirmed in the indomethacin-induced gastric lesion model. At different dosages of ELJ extract, the ulcer indexes were statistically significantly lower than those of the controls. At a high dose of ELJ extract (600 mg/kg), the ulcer index of treated rats was non-inferior to the 100 mg/kg group of cimetidine-treated rats.



When experimental rats are exposed to cold water, stress can induce vagal overactivity, thereby increasing gastric acid secretion, while decreasing gastric mucosal blood flow, leading to gastric ulcer formation [72]. As demonstrated in the restrained water immersion stress-induced gastric lesion model, the ulcer indexes of the ELJ-treated groups were significantly lower than that of the non-ELJ-treated group and were almost the same as that of the cimetidine-treated group.



In addition to the EtOH/HCl and indomethacin-induced peptic ulcer models, macroscopic and microscopic characteristics are critical for elucidating cellular mechanisms. Both models give total scores generated from similar partial evaluation scores at the macroscopic level (size, number, and site of hemorrhagic lesions). When anti-ulcerative treatments were studied macroscopically, gastric lesions were decreased, most notably with cimetidine and ELJ extract at a high doses (600 mg/kg). In both animal models, anti-ulcerative medicines significantly reduced the depth of mucosal erosion [73,74]. However, the microscopic evaluation score, which includes erosion depth, the severity of hemorrhage, inflammation, and apoptosis, should be investigated further to identify the possible mechanisms of action of the ELJ extract.



Pyloric ligation is a surgical model used to determine anti-secretory activity. Ligating the pylorus causes intraluminal HCl accumulation, which aggressively damages the gastric mucosa [75]. In this study, gastric acid output was examined in all groups, but only the animals in the cimetidine group showed a significant reduction of gastric acid secretory rates and total acidity. ELJ extract did not decrease the volume of gastric acid or increase the intragastric pH. Scopoletin, a purified compound found in ELJ extract, has been shown to have a preventative effect against the development of esophagitis [76]. In the present study, however, it is probable that the concentration of scopoletin in ELJ extract at 12.590 g/mL was insufficient to suppress gastric acid secretion and total acidity (Table 6). Moreover, obtaining enough scopoletin to use in each experiment was problematical, because the amount of ELJ extract available was limited. Cimetidine is an antagonist of histamine-2 receptors (HH2R) that controls gastric acid secretion by parietal cells. Thus, the results indicate that the anti-ulcerogenic activity of ELJ extract is not related to its anti-secretory activity.



A previous study of a product containing ELJ as a primary constituent on gastroprotective effects and gastrointestinal antioxidants discovered that this product could prevent gastric ulcers in the EtOH-induced gastric lesion model, but could not reduce MDA (malondialdehyde) levels or gastric acid [17]. As previous research on ELJ has been inconclusive, additional study of its protective efficacy against gastric ulcers is needed. The present study investigated the gastroprotective effects of ELJ using three types of gastric ulcers induced in rats by means of acidified ethanol, indomethacin, and restraint water immersion, respectively. In all gastric ulcer models, ELJ extract at concentrations of 150, 300, and 600 mg/kg effectively prevented gastric ulcer formation. The efficacy of ELJ extract at 600 mg/kg was roughly comparable to that of cimetidine at 100 mg/kg, accounting for 62%, 93%, and 82% in the EtOH/HCl-induced, indomethacin-induced, and restrained water immersion stress-induced gastric lesions models, respectively. In contrast, the efficacy in the cimetidine-treated groups was superior to that of ELJ at 75%, 95%, and 92%. In the pyloric ligation model, however, the effects of ELJ extract on gastric volume, gastric pH, and total acidity were not statistically significant, indicating that ELJ extract has potent anti-gastric properties, but has no effect on gastric pH or acidity.



This non-clinical investigation was conducted to examine the gastroprotective effects (i.e., inflammation, fever, and pain) of ELJ extract in vivo using animal models. Some clinical studies have shown that ELJ extract is safe to use, and may even be effective in the induction of immunomodulation by ingestion of capsules containing 200 mg of a standardized E. longifolia water-soluble TA (Tongkat Ali) root extract, without inducing toxicity in blood parameters or biochemical analyses [77]. Even though there have been only a few clinical studies on ELJ extract, it is anticipated that the results of this study could lead to future clinical trials to investigate the action of ELJ extract and establish possible mechanisms for its gastric-ulcer protection ability.




5. Conclusions


The present study demonstrates that ethanolic extract of Eurycoma longifolia Jack extract (ELJ) exerts dose-dependent anti-inflammatory and antinociceptive action against formalin-induced nociception, whereas only a high dose of ELJ extract has antipyretic activity. This study provides scientific evidence, in the preclinical phase, of the pharmacological activity of E. longifolia extract in its anti-inflammatory, antinociceptive, antipyretic, and gastroprotective activities and supports its use, without causing gastric ulcers, in gastric ulcer treatment. For these reasons, ELJ extract should be regarded as having advantages over some NSAIDS. Prior to promotion of routine clinical use, additional preclinical studies of its attributes, e.g., short- and long-term pharmacological activities and toxicity, are needed to evaluate the safety ELJ extract.
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Figure 1. TLC chromatogram of 95% ethanolic extract of Eurycoma longifolia Jack: TLC chromatogram of ethanolic extract of Eurycoma longifolia Jack (1), scopoletin (2), and eurycomalectone (3), observed under (A) UV at 254 nm, (B) UV at 366 nm, (C) 10%KOH, (D) anisaldehyde–sulfuric-acid reagent, (E) anisaldehyde–sulfuric-acid reagent with UV at 366 nm, and (F) natural product spraying reagent. 
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Figure 2. The HPLC of scopoletin of ethanolic ELJ extract (A) compared to standard (B). Umbelliferone used as an internal standard, with a retention time well-separated from the scopoletin, was mixed with scopoletin to correct for volume errors. 
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Figure 3. Effects of ELJ extract and phenylbutazone on EPP-induced ear edema in rats. Values are expressed as mean ± SEM (n = 6). Control: treated with acetone. * Significantly different from its control group, p > 0.05. C, Control. PBZ, phenylbutazone (1 mg/kg). 
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Figure 4. Effects of ELJ extracts and aspirin on carrageenan-induced hind paw edema in rats. Values are expressed as mean ± SEM (n = 6). Control: treated with acetone. * Significantly different from its control group, p > 0.05. C, Control. ASP, Aspirin (300 mg/kg). 
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Figure 5. Evaluation of the effect of Eurycoma longifolia Jack (ELJ) extract at 150, 300, and 600 mg/kg and cimetidine at 100 mg/kg on the gastric surface in rats, comparing three different models of gastric ulcers to the control group. The black arrows represent the typical necrotic bands or spots and small erosions that can develop into gastric ulcers. 
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Figure 6. Effects of ELJ extract, control, and cimetidine in a rat model of EtOH/HCl-acid-induced gastric lesions. Ulcer indexes are mean ± S.E.M. (n = 6). * Significantly different from the control group, p < 0.05; # Significantly different from the cimetidine group, p < 0.05. 
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Figure 7. Effect of ELJ and cimetidine on indomethacin-induced gastric ulcers in rats. Ulcer indexes are mean ± S.E.M. (n = 6). * Significantly different from the control group, p < 0.05; # Significantly different from the cimetidine group, p < 0.05. 
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Figure 8. Effects of ELJ extract, control, and cimetidine in a rat model of the restrained water immersion stress-induced gastric lesions. Ulcer indexes are mean ± S.E.M. (n = 6). * Significantly different from the control group, p < 0.05; # Significantly different from the cimetidine group, p < 0.05. 
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Table 1. Physical and chemical properties of the root of E. longifolia Jack.
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	Test
	Result





	Foreign matter (%w/w)
	Not found



	Hexane extractive (%w/w)
	0.66



	Dichloromethane extractive (%w/w)
	0.94



	Ethanol extractive content (%w/w)
	1.51



	Water extractive content (%w/w)
	10.57



	Loss on drying (%v/w)
	9.58



	Total ash (%w/w)
	2.54



	Acid-insoluble ash (%w/w)
	0.90



	Chemical composition
	saponin, terpenoids
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Table 2. Effects of ELJ extract, prednisolone, and aspirin on transudative weight, granuloma weight, and percentage of granuloma inhibition on cotton-pellet-induced granuloma formation in rats.
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	Groups
	Dose

(mg/kg)
	Granuloma Wet Weight (mg)
	Granuloma Dry Weight (mg)
	Transudative Weight (mg)
	Granuloma Weight (mg/mg Cotton)
	GI (%)





	Control
	-
	450.0 ± 27.0
	81.8 ± 4.4
	368.2 ± 23.4
	3.1 ± 0.2
	-



	Prednisolone
	5
	291.0 ± 12.4 *
	58.6 ± 2.4 *
	232.5 ± 10.9 *
	1.9 ± 0.1 *
	37



	Aspirin
	300
	415.8 ± 33.1
	79.5 ± 4.9
	336.3 ± 30.1
	3.0 ± 0.2
	4



	ELJ extract
	1200
	347.4 ± 25.6 *
	66.2 ± 3.0 *
	281.2 ± 21.7
	2.3 ± 0.3
	25







Values are expressed as mean ± SEM (n = 6). Control: treated with acetone. * Significantly different from its control group, p > 0.05.
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Table 3. Effects of ELJ extract, prednisolone, and aspirin on dry thymus weight with reference to cotton-pellet-induced granuloma formation in rats.
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Groups

	
Dose

(mg/kg)

	
Body Weight (g)

	
Dry Thymus Weight

(mg/100 g)




	
Initial

	
Final

	
Gain






	
Control

	
-

	
387.50 ± 13.34

	
394.17 ± 11.06

	
6.67 ± 3.07

	
21.91 ± 1.97




	
Prednisolone

	
5

	
365.00 ± 9.83

	
353.33 ± 10.14 *

	
−11.67 ± 6.54 *

	
17.24 ± 1.79




	
Aspirin

	
300

	
360.83 ± 12.74

	
361.67 ± 11.38 *

	
0.83 ± 4.36

	
16.96 ± 1.27




	
ELJ extract

	
1200

	
383.33 ± 3.80

	
380.00 ± 5.16

	
−3.33 ± 4.22

	
16.99 ± 1.82








Values are expressed as mean ± SEM (n = 6). Control: treated with acetone. * Significantly different from its control group, p > 0.05.
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Table 4. Effects of ELJ extract, prednisolone, and aspirin on dry thymus weight with reference to cotton-pellet-induced granuloma formation in rats.
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Groups

	
Dose

	
Early Phase

	
Late Phase




	
(mg/kg)

	
Licking Time (s)

	
% Inhibition of Licking Response

	
Licking Time (s)

	
% Inhibition of Licking Response






	
Control

	
-

	
67.8 ± 4.5

	
-

	
93.8 ± 7.1

	
-




	
Aspirin

	
300

	
45.0 ± 5.3 *

	
34

	
0.0 ± 0.0 *

	
100




	
Morphine

	
10

	
0.0 ± 0.0 *

	
100

	
1.5 ± 1.5 *

	
98




	
ELJ extract

	
300

	
44.8 ± 5.0 *

	
34

	
11.2 ± 9.5 *

	
88




	

	
600

	
41.8 ± 3.3 *

	
38

	
4.8 ± 3.4 *

	
95




	

	
1200

	
38.7 ± 3.2 *

	
43

	
3.2 ± 3.2 *

	
97








Values are expressed as mean ± SEM (n = 6). Control: treated with acetone. * Significantly different from its control group, p > 0.05.
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Table 5. Effects of ELJ extracts and aspirin on yeast-induced hyperthermia in rats.
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Groups

	
Dose

(mg/kg)

	
Rectal Temperature (°C)




	
Baseline

	
18 h after

Yeast Injection

	
Time after Drug Administration (min)




	
30 min

	
60 min

	
90 min

	
120 min






	
Control

	
-

	
37.98 ± 0.22

	
39.20 ± 0.23

	
39.17 ± 0.30

	
39.03 ±0.23

	
39.08 ± 0.21

	
39.03 ± 0.22




	
Aspirin

	
300

	
38.03 ± 0.21

	
39.07 ± 0.20

	
38.30 ± 0.25 *

	
37.98 ± 0.22 *

	
37.87 ± 0.18 *

	
37.75 ± 0.20 *




	
ELJ extract

	
300

	
38.03 ± 0.23

	
39.23 ± 0.09

	
39.02 ± 0.15

	
38.85 ± 0.17

	
38.85 ± 0.17

	
38.83 ± 0.20




	

	
600

	
37.88 ± 0.16

	
39.23 ± 0.10

	
38.83 ± 0.20

	
38.60 ± 0.13

	
38.65 ± 0.10

	
38.73 ± 0.07




	

	
1200

	
38.07 ± 0.15

	
39.00 ± 0.13

	
38.30 ± 0.27 *

	
38.18 ± 0.25 *

	
38.27 ± 0.27 *

	
38.08 ± 0.31 *








Values are expressed as mean ± SEM (n = 6). Control: treated with acetone. * Significantly different from its control group, p > 0.05.
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Table 6. Effects of ELJ extract, control, and cimetidine in the pylorus ligation rat model.
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	Group
	Gastric Volume (mL)
	Secretory Rate (mL/100 g/5 h)
	pH
	Total Acidity (mEq/100 g/5 h)





	Control
	3.25 ± 0.35
	1.54 ± 0.19
	1.95 ± 0.32
	29.20 ± 2.65



	Cimetidine 100 mg/kg
	2.37 ± 0.16
	0.87 ± 0.05 *
	5.06 ± 0.79 *
	13.30 ± 2.35 *



	ELJ extract 150 mg/kg
	3.43 ± 0.39
	1.18 ± 0.17
	1.87 ± 0.10
	27.02 ± 4.83



	ELJ extract 300 mg/kg
	3.05 ± 0.43
	1.07 ± 0.13
	2.31 ± 0.28
	27.42 ± 3.25



	ELJ extract 600 mg/kg
	3.38 ± 0.24
	1.26 ± 0.15
	2.03 ± 0.42
	34.76 ± 5.61







All values are mean ± S.E.M. (n = 6). * Significantly different from the control group, p < 0.05.
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