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	Ginger (Zingiber officinale) has gained recognition for its flavoring uses and its numerous health benefits. Ginger can be used in functional foods and nutraceuticals alone or combined with other herbal plants. This study aims to validate the pharmaceutical potential of the Zingiber officinale variety from the Philippines by examining the chemical composition, acute oral toxicity, anti-lipoxygenase, and analgesic activities of its extracts and fractions. 6, 8, 10-Gingerols and 6, 8, 10-Shogaols were identified by high-performance liquid chromatography (HPLC) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) in methanol and hexane extracts. Acute oral toxicity in mice indicated the median lethal dose (LD50) of methanol and hexane extracts of Zingiber officinale, and the 1% IPA-hexane and 50% IPA-hexane fractions obtained by solid-phase extraction (SPE) was greater than 2000 mg/kg body weight. The 1% IPA-hexane fraction altered the behavioral pattern of the animals. The anti-inflammatory activity was analyzed by lipoxygenase (LOX) inhibition assay. The IC50 value for the inhibitory action of crude methanol extract on LOX was 218.00 µg/mL. The crude hexane extract IC50 value was 57.40 µg/mL. SPE fractionation of hexane extracts resulted in higher IC50 values; 72.14 µg/mL for the 1% IPA-hexane fraction and 98.65 µg/mL for the 50% IPA-hexane fraction. Through in-vitro suppression of LOX, the hexane crude extracts showed more effective anti-inflammatory properties. The analgesic effect was measured using acetic acid-induced writhing in mice. All doses of the methanol and hexane extract inhibited writhing by a percentage ranging from 91-100%. The SPE fractions of the hexane extract have 78-99% inhibition. Both extracts and fractions demonstrated strong analgesic effects in the mice models.
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Introduction 
Ginger, Zingiber officinale (ZO), a member of the Zingiber genus in the Zingiberaceae family, is one of the most significant and well-known traditional herbs, having been used for years as a valuable spice and traditional medicine.1 It is widespread throughout the tropical regions of Asia, Africa, America, and Australia.2 It has been noted for its distinctive smell and pungent flavor.3
Ginger's rhizome contains diverse bioactive compounds, including phenolic and terpenes, and has health-promoting benefits.4 The different bioactivities of ginger can be attributed to gingerols, shogaols, and paradols, the predominant phenolic compounds.5 Several terpene compounds, including β-bisabolene, α-curcumene, zingiberene, α-farnesene, and β-sesquiphellandrene, are considered the primary components of ginger essential oils.6 Ginger exhibited various biological functions, such as antioxidant, anti-inflammatory, anticancer, neuroprotective, respiratory protective, antiobesity, antidiabetic, antinausea, blood pressure-lowering, cholesterol-lowering,  antimicrobial, antiplatelet aggregation, and activities.4,7
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It's significant to mention that ginger has gained popularity in the Philippines, not just because of its flavor uses but also because of its numerous health advantages. A growing number of functional foods and nutraceuticals now contain ginger, either alone or in combination with other herbal plants, because of its potential to improve health. The effects of adding 2% inclusions of ginger, black pepper, garlic, turmeric, and a mixture of these spices on serum lipid profiles, atherogenic indices, and indicators of liver function were examined in a study on rats with the induced-metabolic syndrome. Low-density lipoprotein cholesterol, triglyceride, and serum cholesterol levels all decreased significantly. The activities of aspartate aminotransaminase, alanine aminotransaminase, alkaline phosphatase, and gamma-glutamyl aminotransaminase were all significantly lowered, as were the atherogenic index and coronary risk index. The results showed that individually and in combination, dietary additions of ginger, black pepper, garlic, and turmeric powder improved dyslipidemia and serum enzyme activity. 8
In a recent focused review, the anti-inflammatory and analgesic properties of ZO preparations were underlined, along with an expanding discussion of the experimental pharmacology and clinical efficacy. In summary, there is a clear indication from various preclinical studies that ginger may have anti-inflammatory and analgesic properties. In inflammation, the molecular mechanism among ginger constituents, 10-gingeridone, 6-shogaol, 6-gingerol, and zingerone, mainly affects the NF-kB signaling pathway, which involves the reduction of NF-kB-related gene expression (i.e., cytokines, iNOS, COX2).9 Ginger extract and 6-shogaol have also been shown to reduce hyperalgesia and allodynia in a mouse model of painful diabetic neuropathy. This effect is mediated by decreased expressions of Transient receptor-potential cation channel- subfamily V member 1 (TRPV1) and N-methyl-D-aspartate receptor subunit 2B (NMDAR2B) in the spinal cord.10 Ginger's clinical efficacy has also been demonstrated in various inflammatory and painful conditions, including osteoarthritis, migraine, and dysmenorrhea.9
Despite the accumulation of research, experimental validations of the Philippine ginger variety have yet to be exploited for their effective use in inflammation-associated and pain conditions. Nevertheless, local communities in the Philippines utilize ginger rhizome to treat body pain and sprain,11 alleviate stomachache and rheumatism,12 relieve sore throat.13 Research findings support the long-held claim that ginger has phytochemicals with anti-inflammatory and analgesic activities. Therefore, the present study aims to establish the chemical markers of the extracts and fractions of ZO from the Philippines using chromatographic and mass spectrometric analytical methods, followed by an investigation of their potential anti-lipoxygenase and analgesic action by in-vitro and in-vivo experiments.
 
Materials and Methods
Plant materials
A local ginger (Zingiber officinale) rhizome was supplied from a farm in Barangay Dumarao Roxas, Palawan, Philippines, a partner of Palawan Center for Appropriate Rural Technology, Inc. (PCART), under the registered company named Palawan Bio-Farm Enterprises. The plant was verified by the Philippines' Department of Agriculture's Bureau of Plant Industry. The raw materials processing procedures were completed at the PCART facility and were collected in February 2020 with batch number 2003796. The process is as follows: when the plant's leaves have dried, the rhizome is harvested in the morning. The farmers were provided with new plastic bags to store their harvested leaves. Next, the harvested materials are transported to the facility's garbling and washing sections. Within two hours of harvesting, the drying process is complete. The moisture content of dried leaves is between 7-8 %. After the leaves have been dried and cooled, they are placed in bags made of food-grade polyethylene, sealed, and transported to the processing facility. It was ozonated, pulverized to mesh size 10, and finally dried to a maximum moisture content of 5 % in an industrial oven. 
 
Chemicals
HPLC-grade acetonitrile, methanol, hexane, 2-propanol (IPA), and other analytical-grade reagents were obtained from Theo-Pam Trading, Philippines. The other chemicals used were purchased from Belman Laboratories, Philippines. 1-Dehydro-10-gingerdione, 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol, 8-shogaol, and 10-shogaol standards were acquired from China's Chem Faces Biochemical Co., Ltd. Glycine max (soybean), Lipoxygenase (Catalog Number: L7395), Linoleic acid (Catalog Number: L1376), and Indomethacin (Catalog Number: I8280) were purchased from Sigma-Aldrich for the LOX assay.
 
Preparation of standards
Stock solutions of the reference compounds in methanol, 1-dehydro-10-gingerdione, 6-, 8-, and 10-gingerols, 6-, 8-, and 10-shogaols, were all prepared individually. Before use, all of the standard solutions were kept at 4°C. The final concentration of the mixed standard solution was prepared by taking an appropriate volume of each stock standard. The mixed standard solution was ultrasonically filtered through a 0.20 m PTFE membrane filter and then subjected to analysis. The samples of ZO leaves were then examined using HPLC and standard reference compounds.
 
Preparation of plant extracts
Zingiber officinale (ZO) powdered leaves were extracted by an ultrasonic-assisted extraction (MRC Scientific Instruments Professional Ultrasonic, UK) set at 40 kHz, 30°C for 60 minutes. The solvents individually used were 100% methanol and 100% hexane (25 g powder leaves in 200 mL solvent). Following extraction, the mixture was filtered through cheesecloth and filter paper, concentrated with a rotary evaporator (IKA, Germany), and stored at 4°C for up to a month in an amber bottle. For every subsequent experiment, a fresh extract solution was prepared.
Solid-Phase Extraction (SPE) fractionation of the extracts
SPE was used to fractionate a 25 mL of 20 mg/mL hexane extract solution. The strata Si-1 (normal phase, 1 g/6 mL) cartridge was attached to a Phenomenex SPE vacuum manifold, conditioned with 100% IPA, then equilibrated with 100% hexane. The extract solution was subsequently poured gently through the preconditioned cartridge. Two solvents were used to elute the SPE column, 1% IPA-hexane (ZO Hexane SPE fraction 1) and 50% IPA-hexane (ZO Hexane SPE fraction 2). Each collected fraction was concentrated using rotary evaporators operating at 80 rpm, 40°C water baths, and 10°C chillers. The fractions underwent HPLC analysis and biological activity tests.
 
High-Performance Liquid Chromatography (HPLC)
Zingiber officinale (ZO) extract dissolved in methanol (10 mg/mL) and hexane (5 mg/mL) was passed separately through a 0.2 µm PTFE membrane filter to obtain a clean solution. Then, each extract and the standard cocktail were independently analyzed to HPLC. The HPLC system was comprised of a separation module (Shimadzu Prominence) outfitted with LabSolutions software (Shimadzu) and a binary pump, needle-in-flow path autosampler, and a photodiode array (SPD-M20A) detector. The analysis was conducted on a Waters Xbridge C18 (4.6250 mm, 5.0 µm) column employing gradient elution with 0.5% phosphoric acid (solvent A) and acetonitrile (solvent B) as the mobile phase. Every mobile phase solvent was filtered with a 0.45 µm membrane filter. 20 µL of standard and sample mixtures were introduced into the HPLC and separated at a flow rate of 0.5 mL/min. The column oven temperature was at 30°C, and the HPLC peaks were observed on the UV detector at 254 nm. The gradient elution used was: 0-10 min, 85-60% A and 15-40% B; 10-30 min, 60-45% A and 40-55% B; 30-40 min, 45-25% A and 55-75% B; 40-65min, 25-20% A and 75-80% B; 65-80 min, 20-5% A and 80-95% B; 80-90 min, 5-85% A and 95-15% B. The column was washed and equilibrated before the next injection.
 
Liquid Chromatography-tandem Mass Spectrometry (LC-MS/MS) 
Extracts and their HPLC peak fractions were further assessed using an ESI-QTOF-MS/MS system comprised of a Waters ACQUITY I-Class UPLC and a Waters Xevo G2-S QTOF mass spectrometer. Two μL samples were separated on Acquity HSS C18 column (waters, 2.1×100 mm, 1.8 µm) reverse-phase at 30 °C and gradient-eluted at a flow rate of 0.25 mL/min. The mobile phase was 0.1% formic acid-water (solvent A) and 0.1% formic acid-acetonitrile (solvent B). The HPLC gradient method was converted to a UPLC method using columns calculator version 2.0.53.0 (Waters Corporation) to match the LC-MS system with little optimization. Data was controlled with Mass lynx 4.1. The data range of 100-1500 Da, applied source temperature of 20°C, desolvation temperature of 450°C, cone gas flow rate of 50 L/h, desolvation gas flow rate of 600 L/h, Electrospray ionization, positive mode capillary voltage of 3.0 kV, and cone voltage of 80 V was the acquisition settings. MSE mode, low collision energy scan of 6 eV, high collision energy scan of 30 to 50 eV, the scan time of 0.1 s. The MS-DIAL software converted the output RAW files to ABF for peak alignment, peak picking, and identification. The following libraries are used by the spectral databases: Faulkner Legacy, NIH Natural Products, Prestwick Phytochemicals, GNPS, Sumner, ReSpect, MassBank EU, MassBank NA, and Dorrestein/FDA Natural Products. The spectral databases include libraries such as GNPS, Sumner, ReSpect, MassBank EU, NIH Natural Products, Prestwick Phytochemicals, Dorrestein or FDA Natural Products, MassBank NA, and Faulkner Legacy. Several MS-DIAL-processed data were further processed in GNPS to match compounds.
 
Lipoxygenase (LOX) inhibitory activity 
25 µL of extracts or SPE fractions and 100 µL of lipoxygenase solution (in borate buffer pH 9.0) at a concentration of 0.0045 mg/mL were mixed and incubated in a 96-well quartz plate for 5 minutes at room temperature. Then, 25 µL of 0.84 mg/mL linoleic acid was added and adequately mixed. The absorbance at 234 nm was measured with a microplate reader (Biotek Synergy HT). As a sample blank, borate buffer was employed, and DMSO-borate buffer (enzyme + substrate only) was used as a control. The % inhibition was calculated by using the following:
% Inhibition = [A control– A test group / A control x 100, A= Mean absorbance.
The drug Indomethacin served as a positive control. The IC50 values were determined using a dose-response curve. The IC50 represents the concentration necessary to achieve 50% of the maximum inhibitory capacity.
 
Experimental animals
The animals were kept in a room with a constant temperature of 22±3°C, relative humidity of 50-60%, a light-dark cycle of 12 h: 12 h, an unlimited supply of sterile water, and a regular laboratory food (Sarimanok, Unahco). The animals were allowed seven days to adjust to laboratory surroundings before being used in experiments. The study complied with Philippine laws governing animal welfare. The Institutional Animal Care and Use Committee (numbers IACUC-BSD-001-29-01, IACUC-019-014) and the Bureau of Animal Industry examined and approved the procedure (reference numbers AR-2020-085, AR-2020-083).
 
Acute oral toxicity
The acute oral toxicity of Zingiber officinale (ZO) extract and SPE fractions was evaluated using the "Up-and-Down" method outlined in OECD Guideline 425 (US Environmental Protection Agency, 2003; OECD, 2008). Swiss Webster mice (healthy, nulliparous, non-pregnant, 8-12 weeks old, weighing 20-25 grams) were used for testing. They were given water but fasted for three to four hours before receiving the treatment. The test samples were given orally in a single dose using an oral gavage tube. The study utilized a limit test at 2000 mg/kg. The main test at 175, 550, and 2000 mg/kg was conducted if test samples showed death in the limit test after the first animal dose. Following treatment, the mice's general behavior and clinical indicators of toxicity were observed continuously for the first hour and then every 30 minutes for the next six hours. Each animal was observed for adverse effects at 24 hours and 14 days. The experimental measures include salivation, diarrhea, lethargy, convulsions, eyes, mucous membranes, respiratory and circulatory systems, and changes in the skin, fur, and other body parts.
 
Analgesic activity using acetic acid-induced writhing in mice
The analgesic action was tested using Swiss Webster female mice (healthy, nulliparous, 8-12 weeks old, and weighing 25-30 grams). Animals were given water but fasted for three to four hours before receiving the medication. Mice that received intraperitoneal injections of 0.6% acetic acid (10 mL/kg body weight) exhibited writhing. In the peritoneal region, a painful reaction and acute inflammation emerge, creating reflexive writhing. After preliminary screening, only animals who writhed within 15 minutes were included in the study. The animals were allowed 48 hours of relaxation. The pre-screened animals were randomly allocated into six groups. The test medications were administered orally to the mice 30 minutes before the acetic acid injection. Immediately following injection, individual mice were placed in a glass viewing jar, and five minutes elapsed. During the next twenty minutes of observation, the number and duration of each animal's writhing were recorded. The percentage of inhibition of writhing was assessed as an index of analgesia.
% Inhibition = NW Control – NW test group / NW Control NW = Mean number of writhes
 
Statistical analysis
The results were presented as mean (±) standard deviation (SD) or standard error of the mean (SEM). Analysis of Variance (ANOVA) or Kruskal-Wallis was used for statistical analysis in the SPSS statistics software (version 27). It was regarded statistically significant if P < 0.05.
 
Results and Discussion
Chemical Markers of Zingiber officinale (ZO) Extracts
Zingiber officinale extracts were examined using high-pressure liquid HPLC to determine the chemical components present. In this method, multicomponent extracts are separated and identified relative to one another. As depicted in Figures 1B and 1C, the HPLC chromatograms of methanol and hexane extracts, respectively, were found to be almost comparable. Although, additional minor peaks were seen between 13-25 min in methanol extract, and a higher peak intensity eluted in the range of 42-67 min in hexane extract. As presented in Figure 1A, six reference standards for ZO were analyzed under the same chromatographic system of ZO extracts. Comparing the RT of peaks with that of the injected standards, six peaks at 34.7, 45.9, 47.9, 53.7, 55.6, and 67.0 min were identified as 6-Gingerol (1), 8-Gingerol (2), 6-Shogaol (3), 10-Gingerol (4), 8-Shogaol (5), and 10-Shogaol (6), respectively, both in methanol and hexane extracts. The peak of 6-Shogaol was higher in hexane extract than in methanol. Lantz et al. (2007) detected predominant compounds in the dichloromethane-methanol (1:1 v/v) extract of ZO: 6-, 8- 10-gingerols and 6-, 8-, 10-shogaols. Fractions that contain mainly gingerols or shogaols strongly inhibited lipopolysaccharide (LPS)- induced prostaglandin E2 (PGE2) production of U937 cells. A combination of compounds was more efficient than each tested component alone.14 These detected peaks in both extracts are probable bioactive compounds. Future research should examine the volatile components of the hexane extracts that might be pharmacologically active. Linalool, borneol, zingiberene, and zingerone were found to be the primary components of the white ginger (Zingiber officinale Roscoe), which was extracted using a soxhlet extractor and hexane solvent.15
A previous study investigated Zingerone's therapeutic effects in a carrageenan-induced inflammatory model. Using various doses of the chemical standard Zingerone (10, 20, and 40 mg/kg) considerably reduced paw edema in carrageenan-injected rats, with the highest dose of 40 mg/kg being the most effective. Additionally, it lowered paw levels of MDA, NO, COX-2, PGE2, TNF-α, and IL-1β. 16 The levels of inflammatory markers such as TNF-α, IL-6, NF-kB, and IL-1β in rats with isoproterenol-induced myocardial infarction were considerably lowered by zingiberene pre-treatment. 17
LC-MS/MS untargeted analysis was performed to obtain information about the molecular mass and further identify the Zingiber officinale (ZO) extract's chemical composition. For MS identification, the positive-ion mode was used for acquiring mass spectra from the UPLC-QTOF-MS/MS analysis. Plant components were analyzed from crude extracts or HPLC fractions. Figure 2 represents the chromatograms with MS and UV detectors of methanol (2A) and hexane (2B) ZO extracts. The majority of compounds were detectable within 13 min. The chromatographic and mass spectrum characteristics of the detected peaks are displayed in Table 1. The predominant ion in the positive ion mass spectra of Gingerols is the [M+Na], whereas the principal ion in the positive ion mass spectra of Shogaols is the [M+H]. The compounds found in the chromatograms were determined based on mass spectral data, comparing retention periods with standard reference compounds and mass spectra with those previously published. 18,19,20 As indicated in Table 1, major secondary metabolites characterized and identified from ZO extracts or HPLC fractions (data not shown) are 6-Gingerol (1), 8-Gingerol (2), 6-Shogaol (3), 10-Gingerol (4), 8-Gingerol (5), and 10-Shogaol (6). However, several peaks need further elucidation and characterization because, in the study, MS-DIAL and GNPS analysis did not match them. Therefore, additional reference standards, mass libraries, and spectroscopy methods will be useful.
 
Chemical Profile of Zingiber officinale (ZO) Fractions 
Solid-phase extraction (SPE) is increasingly recognized as a technique for separating and concentrating components from liquid samples. ZO hexane extract obtained via ultrasonic-assisted extraction was subjected to SPE to remove matrix components, fractionate, and separate the chemicals in each extract according to their polarity. SPE in the normal phase was applied for the fractionation of hexane extract. Two distinct solvent ratios were eluted in the SPE column: 1% IPA- hexane (ZO Hexane SPE fraction 1) and 50% IPA- hexane (ZO Hexane SPE fraction 2). Figure 3 compares the HPLC chemical profiles of the ZO crude extract and corresponding SPE fractions. During SPE fractionation, the non-polar components present in the hexane extract (Figure 3A) were separated. As a result, 1% IPA- hexane fraction 1 (Figure 3B) contains compounds soluble in the more non-polar solvent, including 6-Shogaol (3), 8- Shogaol (5), and 10-Shogaol (6). On the other hand, 50% IPA- hexane fraction 2 (Figure 3C) has the less non-polar part showing 6-Gingerol (1), 8-Gingerol (2), and 10-Gingerol (4). Gingerols are aromatic phenolic structures consisting of a series of structural analogs of 1-(3-methoxy-4-hydroxyphenyl) 3-oxo-5-hydroxy-hexane with varying lengths of the unbranched alkyl side chain. 21 The 4-, 6-, 7-, 8-, 10-, and 12- gingerol are its derivatives, and the length of its unbranched alkyl side chain distinguishes gingerols. 22 Conversely, shogaol can be formed from gingerols by removing the C5 hydroxyl and forming a C4 and C5 double bond. 21
ZO extracts and SPE fractions were subjected to in-vitro and in-vivo bioassays to compare their activities and infer constituents involved in plant activity.
 
 
Figure 1: HPLC Chromatograms of A. Standard compounds6-Gingerol (1), 8-Gingerol (2), 6-Shogaol (3), 10-Gingerol (4), 8- Shogaol (5), 10-Shogaol (6), 1-Dehydro-10-gingerdione (7), B. methanol, and C. hexane extracts of Zingiber officinale
 
 
 
 
 
 
Figure 2: LC-MS/MS analysis of A. methanol and B. hexane extracts of Zingiber officinale showing the positive ion (+) ESI-QTOF-MS/MS and UPLC-PDA chromatograms
 
 
Anti-Inflammatory activity through lipoxygenase (LOX) inhibition
The effect of Zingiber officinale (ZO) on lipoxygenase (LOX) enzyme activity was investigated. This enzyme participates in the LOX pathway of arachidonic acid metabolism, generating pro-inflammatory mediators such as leukotrienes (LT). This pathway's products are linked to the onset of inflammatory-related diseases. The assay was conducted to determine the conversion of linoleic acid to linoleic hydroperoxide in the presence of LOX. The progression of the LOX-catalyzed reaction would be hindered by treatment with an enzyme inhibitor. Table 2 illustrates the effect of methanol and hexane extracts of ZO and fractions obtained by solid-phase extraction (SPE) on a dose-dependent inhibition of LOX activity. Test samples were tested at eight different concentrations together with the standard Indomethacin. The percentage inhibition of enzyme activity and IC50 values were used to express the inhibitory effect of the compounds tested. Lower IC50 values are indicative of higher inhibitory activity. In Table 2A, the methanol extract of ZO has low inhibitory activity with IC50 = 218.00 µg/mL. On the other hand, its hexane extract revealed a high LOX inhibition effect with IC50 value = 57.40 µg/mL. The HPLC profiles of hexane and methanol extracts are almost identical, although hexane exhibits higher peak intensity of specific metabolites like 6-Shogaol, which may account for their activity differences. Recent research has shown that 6-Gingerol and 6-Shogaol may be effective anti-inflammatory agents. The in-silico method determined that these two active compounds in ZO inhibit 5-LOX due to their specific interactions with residues involved in molecular inhibition.23 Research also suggested that the primary ginger components, 6-gingerol, and 6-shogaol, are responsible for the diverse effects. Furthermore, it has been found that, in many cases, the bioactivity of shogaols is more potent than gingerols. 24,25 6-shogaol is the dehydrated form of 6-gingerol, and during thermal processing, shogaols are generated from the corresponding gingerol.26 The IC50 for the ZO hexane extract is lower than 1% IPA- hexane (ZO Hexane SPE fraction 1) and 50% IPA- hexane (ZO Hexane SPE fraction 2). As shown in Table 2B, fraction 1 has an IC50 of 72.14 µg/mL, equivalent to Indomethacin's IC50 of 73.69 µg/mL. The IC50 value for Fraction 2 is 98.65 µg/mL, slightly higher than fraction 1. Fraction 1 contains the Shogaols (1% IPA-hexane), whereas fraction 2 has the Gingerols (50% IPA-hexane). Multiple investigations show evidence that 6-shogaol can be classed as an anti-inflammatory agent. Commonly recognized indicators and signaling pathways of inflammation were successfully inhibited when 6-shogaol was applied to several cell types or in vivo models. Inhibiting NFκB or COX-2, attenuating iNOS levels, resulting in lower NO levels, and attenuating the release of pro-inflammatory cytokines like interferon, TNF, interleukins, and chemokines are just a few of the pro-inflammatory agents and mediators that 6-shogaol suppressed. Additionally, 6-shogaol stimulated protective effects by elevating Nrf2 levels, leading to an increased amount of HO-1 protein. 27 The SPE fractionation produced lesser active fractions than the crude hexane extract. Therefore, further purifying ZO extracts may not be necessary for LOX enzyme inhibition. During the fractionation process, various active components important to its action were separated, such as the gingerols and shogaols. Gingerols, Shogaols, and other structurally-related components in ginger, such as Gingerdione, Capsaicin, and Diarylhepatanoids, were active against 5-lipoxygenase, an enzyme involved in leukotriene (LT) biosynthesis.28
 
Acute oral toxicity
To provide preliminary results on the toxicity level of hexane and methanol extracts of Zingiber officinale (ZO) and fractions derived from SPE, acute oral toxicity (AOT) tests were carried out adopting OECD No. 425 acute oral toxicity: Up-and-Down-procedure. The fractions include 1% IPA- hexane (ZO Hexane SPE fraction 1) and 50% IPA- hexane (ZO Hexane SPE fraction 2), derived from its hexane extract. Initially, a limit test at 2000 mg/kg body weight was conducted with one animal from each treatment sample, vehicle, and negative control group. Four additional animals were sequentially dosed when the first animal survived, so five were tested. However, main tests were conducted for test samples with reported death. 
Test animals were observed for their behavior in the first 30 min or 1 h, 6 h, and then for 24 h. The observations were recorded over 14 days. In Table 3A, the behavioral pattern showed decreased activity and respiratory changes after dosing with hexane and methanol extracts of ZO in the first 30 min. However, it was recorded as normal in the next time intervals. Animals were initially given 1% IPA- hexane (ZO Hexane SPE fraction 1) at 2000 mg/kg body weight and showed hypoactivity with respiratory changes before observing death within 24 hours. Therefore, the sample proceeded with the main test. A total of five animals were sequentially dosed at 175, 550, and 2000 mg/kg body weight. All of the animals survived. However, after receiving a dose of 2000 mg/kg body weight, some developed itching, salivation, hypoactivity, and respiratory changes within 6 hours. On the other hand, 50% IPA- hexane (ZO Hexane SPE fraction 2) treatment in animals has survived without observed toxic manifestations. Table 3B showed that animals given treatment with ZO methanol and hexane extracts, hexane SPE fractions, vehicle controls, and distilled water survived. According to the findings, the median lethal dose (LD50) of methanol and hexane extracts of ZO and its SPE fractions was greater than 2000 mg/kg body weight. However, 1 % IPA- hexane (ZO Hexane SPE fraction 1) has changed the behavior pattern of the animals and thus is classified under Hazard Category 4 in the Globally Harmonized System (GHS). 1% IPA-hexane fraction includes the more potent bioactive 6-Shogaols. Ginger is widely regarded as a safe, natural remedy. 29 In contrast, ginger's harmful effects have been recorded on pregnant rats. 30  Ginger has been related to some slight negative effects in humans. One participant in the research experienced minor diarrhea during the initial two days of ginger pre-treatment. Ginger can cause heartburn and, in dosages greater than 6 g, can irritate the stomach. Inhalation of ginger dust may cause IGE-mediated allergies. 31 Metabolites 6-, 8-, 10-gingerols, and 6-shogaol were safe for healthy human volunteers at doses up to 2000 mg. Several people developed minor gastrointestinal symptoms at the highest doses, such as eructation, heartburn, and indigestion. 32
 
Analgesic activity
The analgesic potential of methanol and hexane extracts of Zingiber officinale (ZO) and fractions derived by SPE of hexane extract was evaluated in mice using a writhing test induced by acetic acid. It is a chemical technique used to generate pain of peripheral origin in mice by injecting a specific quantity of acetic acid. The number of writhing and percentage of inhibition of the treated and untreated groups are shown in Table 4. Diclofenac treatment at 5 mg/kg completely prevented writhing in test animals, whereas distilled water and vehicle control PEG 400 had no significant impact. All treatment groups revealed a statistically significant (p<0.05) decrease in the number of writhes compared to the vehicle control groups. All doses of methanol and hexane ZO extracts inhibited writhing by a percentage ranging from 91% to 100%. The SPE fractions from hexane extract showed 78-99% inhibition. Only fraction 2 of ZO Hexane (ZO Hexane SPE fraction 2) displayed a dose-dependent inhibition writhing response. The level of inhibition did not differ significantly between crude hexane extracts and fractions, indicating that the analgesic effect of crude components and ZO fractions in animal testing may not be specific. The oral treatment of Hypericum reflexum infusions, methanol extracts, and various fractions (aqueous, butanol, and chloroform) on acetic acid-induced writhing reactions in mice dramatically reduced the number of abdominal constrictions, indicating analgesic efficacy. Since acetic acid acts indirectly by causing the release of endogenous mediators, which stimulate nociceptive neurons that are sensitive to nonsteroidal anti-inflammatory drugs, narcotics, and other centrally active drugs, it is believed that acetic acid-induced constriction is a nonselective antinociceptive model. 33 6-gingerol inhibited acetic acid-induced writhing response and formalin-induced licking time in the late phase. It also reduced paw edema in carrageenan-injected animals. 34 The treatment of 6-gingerol and 6-shogaol reduced the writhing symptom and improved lowered pain threshold, as measured by the whittle and Randall-Selitto techniques, respectively. However, these effects of 6-Shogaol were more intensive. 35 ZO extracts derived from methanol and hexane include both gingerols and shogaols. 1% IPA- hexane (ZO Hexane SPE fraction 1) has 6-shogaols, whereas 50% IPA- hexane (ZO Hexane SPE fraction 2) contains 6-Gingerol. All extracts and fractions exhibited effective analgesic properties. This may suggest that these two compounds produce independent analgesic actions. Ginger's bioactive components include gingerols (23-25%), shogaols (18-25%), and related ketone derivatives. 22 There is still more research to be done to determine which shogaols and gingerols have the most significant pharmacological function.
 
Conclusion
HPLC and LC-MS/MS analysis identified several compounds, such as 6-Gingerol, 8-Gingerol, 6-Shogaol, 10-Gingerol, 8-Gingerol, and 10-Shogaol. 1% IPA-hexane fraction showed signs of toxicity in mice. ZO Extracts and fractions exhibited anti-inflammatory effects by inhibiting LOX enzymes and analgesic effects in an animal model. The LOX enzyme inhibition test showed that SPE fractionation did not enhance activity. The study showed scientific evidence that the leaves of Philippine Zingiber officinale (ZO) have anti-inflammatory and analgesic effects and thus can be exploited to produce medicinal products. Future investigations will focus on identifying and elucidating further active compounds responsible for both activities.  
 
Table 1: Chromatographic and mass spectral properties of peaks identified from Zingiber officinale using LC-MS/MS analysis
 
	No. 
	RT (min)
	Precursor 
	Experimental 
	Fragments
	Identification

	 
	 
	ion
	mass
	 
	 

	1
	5.57
	[M+Na]
	317.1875
	277.18, 259.16, 177.09, 137.06
	6-Gingerol

	2
	7.34,7.38
	[M+Na]
	345.1991
	305.21, 287.20, 177.09, 137.06
	8-Gingerol

	3
	7.65
	[M+Na]
	299.1568
	275.16, 229.14, 137.06
	6-Shogaol

	4
	8.79
	[M+Na]
	373.2312
	333.24, 315.23, 177.09, 137.06
	10-Gingerol

	5
	9.24
	[M+H]
	305.2061
	301.14, 205.19, 137.06
	8-shogaol

	6
	11.78
	[M+H]
	333.2374
	229.14, 137.06
	10-Shogaol


 
 
 
Figure 3: HPLC Chromatograms of A. hexane extract of Zingiber officinale showing 6-Gingerol (1), 8-Gingerol (2), 6-Shogaol (3), 10-Gingerol (4), 8- Shogaol (5), 10-Shogaol (6), B. ZO Hexane SPE fraction 1, C. ZO Hexane SPE fraction 2
ZO: Zingiber officinale, SPE: Solid-phase extraction
Table 2A: Lipoxygenase inhibitory activity of Zingiber officinale methanol and hexane extracts
 
	ZO Methanol
	ZO Hexane

	 
	 
	IC50 
	 
	 
	IC50 

	 
	 
	(95% CI)
	 
	 
	(95% CI)

	mg/ml
	% Inhibition
	mg/ml
	mg/ml
	% Inhibition
	mg/ml

	50.0
	3.82 ± 1.38
	218.00
	5.0
	8.41 ± 3.21
	57.40

	100.0
	17.80 ± 1.66
	(212.50-223.50)
	10.0
	16.18 ± 3.52
	(54.03-60.97)

	200.0
	43.34 ± 1.40
	 
	25.0
	34.39 ± 4.10
	 

	250.0
	57.81 ± 1.68
	 
	50.0
	47.99 ± 3.46
	 

	300.0
	66.26 ± 2.25
	 
	75.0
	55.67 ± 2.73
	 

	350.0
	79.27 ± 1.86
	 
	150.0
	75.96 ± 3.57
	 

	400.0
	86.08 ± 1.98
	 
	300.0
	93.77 ± 3.04
	 

	500.0
	96.11 ± 1.12
	 
	500.0
	96.27 ± 2.69
	 


 
Table 2B: Lipoxygenase inhibitory activity of Zingiber officinale SPE fractions
 
	ZO Hexane SPE fraction 1
	ZO Hexane SPE fraction 2
	Indomethacin

	 
	 
	IC50 
	 
	 
	IC50 
	 
	 
	IC50 

	 
	 
	(95% CI)
	 
	 
	(95% CI)
	 
	 
	(95% CI)

	mg/ml
	% Inhibition
	mg/ml
	mg/ml
	% Inhibition
	mg/ml
	mg/ml
	% Inhibition
	mg/ml

	10.0
	7.46 ± 6.45
	72.14
	50.0
	2.66 ± 6.47
	98.65
	10.0
	2.74 ± 2.28
	73.69

	25.0
	22.55 ± 7.00
	(66.34-78.34)
	75.0
	13.55 ±3.69
	(90.61-107.30)
	25.0
	8.21 ± 2.96
	(71.88-75.50)

	50.0
	41.52 ± 5.98
	 
	100.0
	28.56 ± 7.36
	 
	50.0
	27.50 ±1.30
	 

	100.0
	62.34 ±3.60
	 
	200.0
	57.01 ± 6.52
	 
	75.0
	48.95 ± 3.33
	 

	200.0
	71.44±7.13
	 
	300.0
	68.74 ± 7.52
	 
	100.0
	67.28 ±3.99
	 

	300.0
	79.82 ± 5.40
	 
	400.0
	74.05 ±7.18
	 
	150.0
	90.43 ± 1.94
	 

	400.0
	86.45±6.12
	 
	500.0
	83.36 ± 4.38
	 
	200.0
	98.42 ±1.59
	 

	500.0
	95.62 ±5.31
	 
	750.0
	94.72 ±6.23
	 
	 
	 
	 


ZO: Zingiber officinale, SPE: Solid-phase extraction. Values represent the mean ± SD (standard deviation) and are performed in three independent experiments; each experiment was done in triplicates (n=9) at a 95% confidence interval (CI)
 
Table 3A: Behavioral patterns of Swiss Webster mice treated with Zingiber officinale extracts and SPE fractions
 
	Treatment group
	Dose (mg/kg)
	Behavioral Patterns

	30 min
	1 hr
	6 hr
	24 hr

	ZO Methanol
	2000
	Hypoactivity, 
	-
	None
	None

	 
	 
	Respiratory changes
	 
	 
	 

	ZO Hexane
	2000
	Hypoactivity, 
	-
	None
	None

	 
	 
	Respiratory changes
	 
	 
	 

	PEG 400 (vehicle control)
	-
	None
	-
	None
	None

	ZO Hexane SPE fraction 1 
	175
	-
	None
	None
	None

	550
	-
	None
	None
	None

	2000
	-
	Hypoactivity, Salivation, Respiratory changes, 
	Hypoactivity, Respiratory changes
	None

	 
	 
	 
	Convulsion, Itching, 
	 
	 

	 
	 
	 
	Death
	 
	 

	PVPPG (vehicle control)
	-
	-
	None
	None
	None

	 
	 
	 
	 
	 
	 

	ZO Hexane SPE fraction 2
	2000
	-
	None
	None
	None

	 PG (vehicle control)
	-
	-
	None
	None
	None

	 
	 
	 
	 
	 
	 

	Distilled water (control)
	-
	-
	None
	None
	None


 
Table 3B: Mortality of Swiss Webster mice treated with Zingiber officinale extracts and SPE fractions
	Treatment group
	Dose
	Survival

	(mg/kg)
	(Number of animals)

	ZO Methanol
	2000
	5/5

	ZO Hexane
	2000
	5/5

	PEG 400 (vehicle control)
	-
	5/5

	ZO Hexane SPE fraction 1 
	175
	1/1

	550
	1/1

	2000
	3/4

	PVPPG (vehicle control)
	-
	5/5

	ZO Hexane SPE fraction 2
	2000
	5/5

	 PG (vehicle control)
	-
	5/5

	Distilled water (control)
	-
	5/5


ZO: Zingiber officinale, PEG: polyethylene glycol, PG: propylene glycol, PVPPG: polyvinylpyrrolidone in propylene glycol.
 
Table 4: Analgesic activity of Zingiber officinale extracts and SPE fractions in acetic acid-induced writhing in Swiss Webster mice
 
	Group
	Dose
	No. of writhes  
	% Inhibition

	 
	(mg/kg body weight)
	in 20 min
	 

	ZO Methanol
	200
	0.00 ± 0.00 *
	100.00 ± 0.00 *

	 
	500
	0.33 ± 0.33 *
	99.19 ± 0.81 *

	 
	1000
	0.00 ± 0.00 *
	100.00 ± 0.00 *

	 
	 
	 
	 

	ZO Hexane
	200
	2.17 ± 2.17 *
	94.72 ± 5.28 *

	 
	500
	5.17 ± 3.10 *
	87.40 ± 7.57 *

	 
	1000
	3.67 ± 2.79 *
	91.06 ± 6.80 *

	 
	 
	 
	 

	PEG 400 (vehicle control)
	 
	37.17 ± 3.38
	9.35 ± 8.24

	 
	 
	 
	 

	ZO Hexane SPE fraction 1
	100
	3.67 ± 1.09 *
	89.37 ± 3.15 *

	 
	250
	0.17 ± 0.17 *
	99.52 ± 0.48 *

	 
	500
	7.33 ± 0.49 *
	78.74 ± 1.43 *

	 
	 
	 
	 

	ZO Hexane SPE fraction 2
	100
	6.83 ± 0.70 *
	80.19 ± 2.04 *

	 
	250
	2.83 ± 0.70 *
	91.79 ± 2.04 *

	 
	500
	0.33 ± 0.33 *
	99.03 ± 0.97 *

	 
	 
	 
	 

	PEG 400 (vehicle control)
	 
	34.50 ± 3.55
	0.00 ± 10.28

	 
	 
	 
	 

	Diclofenac sodium
	5
	0.00 ± 0.00 *
	100.00 ± 0.00


ZO: Zingiber officinale, SPE: Solid-phase extraction, PEG: polyethylene glycol. Values represent the mean ± SEM (standard error mean); n=6. * P< 0.05 as compared to the control
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