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					ABSTRACT  

					ARTICLE INFO  

					Urena lobata has demonstrated anti-inflammatory properties due to its rich flavonoid content.  

					Chlorophyll, a key anti-inflammatory pigment, can inhibit pure compound isolation, necessitating  

					chlorophyll removal to improve quantification and pharmacological activity. The present study  

					was conducted to evaluate the effect of dechlorophyllized ethyl acetate (EtOAc) fraction of U.  

					lobata on nitric oxide (NO) production in interleukin (IL)-1β-induced rat hepatocytes. The ethanol  

					extract of U. lobata leaf fraction was fractionated using EtOAc solvent, some dechlorophyllized,  

					and identified using liquid chromatography for phytoconstituent targets. Primary rat hepatocytes  

					were isolated and cultured, then treated with U. lobata leaf fraction (25–100 µg/mL) and the  

					dechlorophyllized fraction (50–200 µg/mL) in the presence of IL-1β for 8 hours. Nitric oxide  

					levels were measured using the Griess method, and IC50 values were determined. The results  

					showed that the dechlorophyllized U. lobata leaf fraction increased NO levels by approximately  

					70% compared to the fraction without chlorophyll removal. However, the U. lobata leaf fraction  

					Article history:  

					Received 23 December 2024  

					Revised 27 January 2025  

					Accepted 15 March 2025  

					Published online 01 May 2025  

					Copyright: © 2025 Purnomo and Nishizawa. This is  

					an open-access article distributed under the terms of  

					the Creative Commons Attribution License, which  

					permits unrestricted use, distribution, and reproduction  

					in any medium, provided the original author and  

					source are credited.  

					(IC50 = 78.1 ppm) exhibited stronger NO inhibition than the dechlorophyllized fraction (IC50  

					=

					129.77 ppm). The intensity value of gossypin (GPI) decreased approximately threefold in the  

					dechlorophyllized U. lobata fraction (25 mAU) compared to the fraction without chlorophyll  

					removal (75 mAU). The dechlorophyllized U. lobata leaf fraction also exhibited reduced NO  

					inhibitory activity and a lower GPI level as a phytoconstituent. These findings emphasize the role  

					of chlorophyll and associated phytoconstituents in the pharmacological activity of U. lobata and  

					the need for further toxicity assessments to ensure its safety.  
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					However, chlorophyll removal or decolourization results in a reduction  

					Introduction  

					of other active compounds, as well as their bioactivity. Moreover, the  

					selection of effective chlorophyll clean-up methods is crucial to  

					preserving the integrity of active compounds.11 These methods should  

					facilitate cell-based evaluations of botanical materials, ultimately  

					advancing the pharmacological testing of plant fractions.11,12  

					Urena lobata (U. lobata), also known locally as "Pulutan,"  

					has anti-inflammatory, analgesic, and anti-diabetic properties according  

					to pre-clinical research.1,2,3 Other studies revealed that U. lobata's high  

					flavonoid and phytosterol contents might prevent the rise of free  

					radicals that cause inflammation.4,5 Gossypetin (GPE), an aglycone  

					derived from gossypin (GPI), has been identified in this herb.1,6 Both  

					the crude extract and its fractions have demonstrated anti-inflammatory  

					activity.7,8 A previous study indicated that ethyl acetate (EtOAc)  

					fraction of U. lobata has a strong anti-inflammatory activity through  

					suppressing nitric oxide (NO) production. In addition, U. lobata  

					contains chlorophyll, a natural pigment that can absorb sunlight and  

					converts its energy into carbohydrates through photosynthesis.  

					Chlorophyll is a natural green pigment in plants that captures light  

					energy and plays an important role in photosynthesis. It is the primary  

					pigment that is converted into pheophytin, pyropheophytin, and  

					pheophorbide, bioactive compounds known for their anti-mutagenic,  

					antioxidant, and anti-inflammatory properties.9 The pigment inhibits  

					free radical activity and inhibits pro-inflammatory cytokines, such as  

					NO. Sometimes, chlorophyll must be removed, as it can interfere with  

					the isolation of active compounds in herbs, particularly during the sub-  

					fractionation process to obtain pure compounds. In addition, this  

					process aims to enhance the quantification of the main phenolic  

					compounds.10  

					Nitric oxide is an active gaseous substance produced by the cells that  

					plays an important role in the inflammation process. When NO is  

					produced excessively, it leads to systemic vasodilatation, resulting in  

					tissue injuries and septic shock. In the presence of IL-1β, inducible NO  

					synthase (iNOS) is induced in hepatocytes, resulting in the stimulation  

					of NO.14 The amount of NO produced is considered to be one of the  

					markers of the inflammatory response.15 Inhibition of NO activity  

					exerts an anti-inflammatory effect.16,17 Hepatocytes produce significant  

					amounts of NO, and primary cultured rat hepatocytes generate NO more  

					efficiently than hepatocyte-derived cell lines.18 Therefore, IL-1β-treated  

					rat hepatocytes are frequently used in in vitro studies on inflammation.  

					The present study aimed to examine the impact of dechlorophyllized U.  

					lobata leaf fraction on NO levels in IL-1β-induced rat hepatocytes.  

					Materials and Methods  

					Ethical approval  

					The Animal Care Committee of Ritsumeikan University, Biwako-  

					Kusatsu Campus, Japan, authorized all experimental and animal care  

					practices, which were carried out in compliance with Japanese laws and  

					regulations.  
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					Male Wistar rats (6-8 weeks old, 250-300 g body weight) were obtained  

					from Charles River Laboratories, Japan Inc. (Yokohama, Japan). The  

					animals were housed at 21–23°C and acclimatized before the study.  
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					Sample preparation and extraction  

					IC50 value was calculated by non-linear regression curve fit using the  

					Statistical Package for the Social Sciences (SPSS; version 16.0).  

					With certificate number 074/027/101.8/2015, simplicia of U. lobata  

					leaves was acquired from Balai Materia Medika Batu, Malang,  

					Indonesia. The pulverized herbs (100 g) were extracted with 96%  

					ethanol (500 mL) for 4 hours using a water-bath and a shaker  

					(Memmert) and evaporated to produce a paste. Urena lobata extract  

					was fractionated by partitioning with ethyl acetate (EtOAc) after  

					removing fatty acid compounds using n-hexane. By employing the roQ  

					QuEChERS® Extraction (EN) and dSPE kits (Shimadzu GLC Ltd.,  

					Tokyo, Japan), chlorophyll was extracted (dechlorophyllized) from the  

					EtOAc fraction in accordance with the manufacturer's instructions.  

					After forcefully vortexing each EN tube with 10 mL of E. Merck  

					methanol, they were centrifuged at 3,000 rpm for five minutes at room  

					temperature. After that, the supernatant was taken out. This process  

					was carried out three times. After combining the EtOAc fraction (1,120  

					mg) with 22.4 mg of the purification reagent combination (connected to  

					the dSPE kit), the mixture was centrifuged and washed. Chlorophyll  

					may be extracted from 100 mg of EtOAc fractions in a single tube of  

					the kit. After collecting and evaporating the supernatant at a lower  

					pressure, 84 mg of dechlorophyllized EtOAc fractions were obtained.  

					Results and Discussion  

					Effects of dechlorophyllized ethyl acetate fraction of Urena lobata on  

					nitric oxide level  

					The results of the activities of the EtOAc fraction of U. lobata, GPI, and  

					GPE to suppress NO production are shown in Figure 1 and Table 1. The  

					dechlorophyllized EtOAc fraction of U. lobata exhibited significantly  

					(p < 0.05) weaker NO inhibition compared to the chlorophyll-  

					containing fraction. Both GPI and GPE inhibited NO production;  

					however, GPI exhibited a significantly (p < 0.05) greater potency than  

					GPE at doses exceeding 150 ppm. Urena lobata leaf fraction at doses  

					below 40 ppm was more effective in reducing NO level compared to  

					GPI. Based on the IC50 value, the EtOAc fraction of U. lobata  

					suppressed NO production more effectively compared to its  

					dechlorophyllized fraction. Meanwhile, GPI exhibited stronger  

					inhibitory activity on NO than GPE and the EtOAc fraction. The EtOAc  

					fraction of U. lobata demonstrated stronger inhibitory activity on NO  

					production compared to the dechlorophyllized fraction.  

					Identification of active substances with liquid chromatography  

					A Cosmosil packed column 5C18-MS-II (4.6 ID x 150 mm; Nacalai,  

					Tesque, Inc.) was filled with the EtOAc fraction of U. lobata after it had  

					been dissolved in methanol. The mobile phase was supplied by a  

					Table 1: The IC50 values of ethyl acetate fraction of Urena  

					lobata on nitric oxide production.  

					U. lobata (n=3)  

					IC50 (µg/mL)  

					Shimadzu LC-20AT (Shimadzu Corporation) and contained  

					a

					EtOAc fraction  

					78.1 ± 3.4  

					combination of methanol (E. Merck) and 0.1% acetic acid in water  

					(47:53)at a rate of 1 mL/min. Elution was monitored by refractive index  

					using a Shimadzu CR-7A. Retention time (RT) was used as a parameter  

					for identification in liquid chromatography (LC) analysis. Gossypetin  

					(GPE) and Gossypin (Sigma-Aldrich Corp.) were used as reference  

					standards or molecular targets for the identification. 15.04 mg of  

					Gossypin (GPI) was heated in 2 N HCl, and nuclear magnetic resonance  

					(NMR) spectra of the purified compounds showed no peaks derived  

					from sugars (data not shown), confirming this compound was GPE.  

					EtOAc fraction (-) Chl  

					Gossypetin (GPE)*  

					Gossypin (GPI)*  

					129.7 ± 3.3  

					105.8 ± 3.1  

					57.6 ± 2.5  

					EtOAc: Ethyl acetate; (-) Chl: Dechlorophyllized; *: reference standard  

					25  

					20  

					15  

					10  

					5

					b

					b

					b

					b

					c

					c

					c

					c

					Establishment of the hepatocyte rat culture  

					c

					The rats were given an anaesthetic combination intraperitoneally, which  

					included butorphanol tartrate (3.5 mg/kg body weight; Meiji  

					SeikaPharma Co., Ltd., Tokyo, Japan), midazolam (2.0 mg/kg body  

					weight; Astellas Pharma Inc., Tokyo, Japan), and medetomidine  

					hydrochloride (0.40 mg/kg body weight; Nippon Zenyaku Kogyo Co.,  

					Ltd., Koriyama, Fukushima, Japan). Hepatocytes were isolated from  

					the livers of the rats using collagenase (0.05%) trough portal vein  

					perfusion (39°C, 8-10 minutes).19 The separated cells were planted at a  

					density of 1.2x106 cells/dish, resuspended in WE media supplemented  

					with newborn calf serum (SAFC Biosciences Inc., Lenexa, KS, USA),  

					and cultured at 37°C for two hours before the medium was replaced  

					with fresh medium. After an overnight incubation period at 37°C, the  

					hepatocytes were analyzed the next day (Day 1).  

					c

					c

					d

					d

					a

					0

					Group (n=3)  

					Figure 1: Histogram of nitric oxide production of ethyl acetate  

					fraction of Urena lobata and standard references.  

					Measurement of nitric oxide levels  

					On day 1, the hepatocytes were treated with U. lobata leaf fraction (25-  

					100 µg/mL) and the dechlorophyllized fraction (50-200 µg/mL) in the  

					presence of rat IL-1β (PeproTech, Rocky Hill, NJ, USA) for 8 hours.  

					Nitrite (a stable metabolite of NO) levels in the culture medium were  

					measured using the Griess method.19 The NO level was measured in the  

					presence of IL-1β (1 nM) as the control group. GPI (40-160 µg/mL) and  

					GPE (50-200 µg/mL) were employed as a reference to track the  

					inhibition of NO generation brought on by IL-1β. The half-maximal  

					inhibitory concentrations (IC50) were determined (three dishes per time  

					point) for at least three different concentrations.20 The IC₅₀ value was  

					calculated using the NO level (%) at various concentrations, which is  

					inversely proportional to log10 [concentration] (i.e., dose-dependent).  

					IL-1β (-): without Interleukin beta; IL-1β (+): with Interleukin  

					beta; EA-25: Ethyl acetate fraction of U. lobata leaf extract (25  

					µg/mL); EA-50: Ethyl acetate fraction of U. lobata leaf extract  

					(50 µg/mL); EA-100: Ethyl acetate fraction of U. lobata leaf  

					extract (100 µg/mL); EA-50 (Chl-): Dechlorophyllized ethyl  

					acetate fraction of U. lobata leaf extract (50 µg/mL); EA-100  

					(Chl-): Dechlorophyllized ethyl acetate fraction of U. lobata leaf  

					extract (100 µg/mL); EA-200 (Chl-): Dechlorophyllized ethyl  

					acetate fraction of U. lobata leaf extract (200 µg/mL); GPI-40:  

					Gossypin (40 µg/mL); GPI-80: Gossypin (80 µg/mL); GPI-160:  

					Gossypin (160 µg/mL); GPE-50: Gossypetin (50 µg/mL); GPE-  

					100: Gossypetin (100 µg/mL); GPE-200: Gossypetin (200  

					µg/mL); The data are expressed as mean ± standard deviation  

					(SD); Different letters (a, b, c, and d) across the bars indicate  

					significant difference (p < 0.05; LSD test).  

					Statistical analysis  

					The data are expressed as the mean ± standard deviation (SD) and  

					analyzed using one-way analysis of variance (ANOVA). Differences  

					between means were analyzed using the least significant difference  

					(LSD) test, with a p-value < 0.05 indicating statistical significance. The  
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					performance liquid chromatography (HPLC) method.25 The preparation  

					process may adsorb other substances besides chlorophyll, thereby  

					reducing their concentrations. This is confirmed by the quantitative  

					analysis of GPE as the target compound using HPLC, which showed a  

					decreased level in this study. Chlorophyll and other pigments are known  

					as antioxidants that assist in neutralizing free radicals.9,10 They also  

					exhibit anti-inflammatory effects, as pro-inflammatory cytokines  

					released during the inflammation process possess free radical  

					properties.7,8 Therefore, the removal of chlorophyll affects the anti-  

					inflammatory potency of the U. lobata leaf fraction. Meanwhile, GPE,  

					one of the target flavonoid compounds, showed a decreased level in the  

					EtOAc fraction after chlorophyll removal. Furthermore, it reduced the  

					bioactivity of the fraction as an anti-inflammatory agent by suppressing  

					NO production.  

					Chlorophyll removal may reduce the phytoconstituent levels, thereby  

					diminishing the herb's potency.10 Natural pigments called chlorophylls  

					have anti-inflammatory, anti-diabetic, antiviral, and anti-cancer  

					properties.11 They are located in special cellular bodies, the chloroplast,  

					where they function as a free radical and cytokine scavenger.7,20,21 The  

					dechlorophyllized EtOAc fraction exhibited lower activity in  

					suppressing NO production compared to the fraction without  

					chlorophyll removal. The aim of chlorophyll removal is to minimize  

					interference with constituents during the isolation process, facilitating  

					the production of pure compounds.10 The clean-up process adequately  

					preserves the metabolomic diversity as well as the integrity of the  

					original extracts.11  

					A broad spectrum of organic solvents with varying degrees of polarity  

					may easily extract chlorophyll pigments from plant matrices. In  

					lipophilic solvents such petroleum ether, alkanes, chloroform, and to a  

					lesser degree, EtOAc, they dissolve easily. They are also soluble in  

					alcohols such as methanol (MeOH) and ethanol (EtOH). Some  

					methods, such as liquid-liquid or countercurrent separation  

					(CCS), solid-phase extraction (SPE), water partitioning, and activated  

					charcoal bleaching, are used for decolourization.11,12 QuEChERS  

					(Quick, Easy, Cheap, Effective, Rugged, and Safe) extraction and  

					clean-up methods are commonly used to prepare samples for analysis.  

					The most commonly used sorbent for dechlorophyllization is  

					graphitized carbon black (GCB).12 Graphitized carbon black is  

					recommended for removal of chlorophyll and other interfering  

					pigments.11 All these methods are known to remove the target pigments  

					but also eliminate other unspecified, potentially bioactive, compounds  

					along with the chlorophylls.11Therefore, the methods must be selected  

					and optimized carefully.  

					The EtOAc fraction of U. lobata was more potent in reducing NO levels  

					than other fractions based on the previous study.8 The fraction contains  

					hydrophobic substances such as oils, terpenoids, flavonoids, lignans,  

					steroids, and coumarin.20,21 Many constituents, like the aglycone of the  

					EtOAc–soluble fraction, have a high pharmacological activity.20  

					Meanwhile, the component of the crude extract is more complex than  

					that of the fraction, increasing the likelihood of interactions between  

					active compounds.21,22 The interaction between active compounds and  

					other components in the extract may be antagonistic, potentially  

					reducing their overall activity.8,22 Nitric oxide production was induced  

					by IL-1ß in rat hepatocytes and the effect of the EtOAc fraction was  

					examined in them.16,17 It has been reported that NO, an inflammatory  

					mediator that is synthesized by inducible nitric oxide synthase (iNOS),  

					plays a crucial role in physiological and pathophysiological condition.16  

					The addition of EtOAc fraction into the medium decreased NO  

					production by inhibiting iNOS gene expression.14,16  

					Table 2: Active compounds of Urena lobata fraction  

					identified by liquid chromatography  

					Sample  

					Number Retenti Intensity Conclusion  

					of peaks on  

					(mAU)  

					at 360 time at  

					nm  

					360 nm  

					(min)  

					EtOAc  

					fraction  

					EtOAc  

					1

					1

					6.022  

					80  

					25  

					(+) GPI  

					(+) GPI  

					6.020  

					fraction (-)  

					Chl  

					Gossypetin  

					(GPE)*  

					Gossypin  

					(GPI)*  

					1

					1

					4.613  

					6.044  

					600  

					-

					-

					1400  

					EtOAc: Ethyl acetate; (-) Chl: Dechlorophyllized; *: reference  

					standard  

					Gossypin, used as a reference standard, demonstrated higher activity to  

					inhibit NO production compared to GPE. Gossypetin, the aglycone  

					form derived from GPI, is more soluble in lipids due to its lipophilicity,  

					as indicated by its log P value.23,24 Based on theory, GPE is more active  

					than GPI or its glycoside form due to its higher bioavailabilityand better  

					absorption in biological systems. However, the findings of this study  

					are contrary to this theory. This discrepancy may be due to GPE's  

					solubility issues in the media used for the experiment. Gossypin is more  

					soluble than GPE in polar solvents, including the media used in this  

					study. On the other hand, the molecular weight of GPI is larger than that  

					of GPE due to the glucose component, which may affect the absorption  

					process.25 Furthermore, the dose of GPE and the choice of media must  

					be optimized through preliminary studies to ensure accurate results.  

					Figure 2: Chromatogram of Urena lobata fractions identified  

					by liquid chromatography.  

					A: EtOAc fraction; B: Dechlorophyllized EtOAc fraction; C:  

					Gossypin (GPI); D: Gossypetin (GPE).  

					Furthermore, the safety of the EtOAc fraction of U. lobata must be  

					examined through toxicity tests. A previous study on U. lobata leaf  

					extract showed a mild to moderate toxicity level in zebrafish (Danio  

					rerio). Additionally, an in silico study predicted that stigmasterol and  

					β-sitosterol could be toxic in U. lobata.26 Meanwhile, GPE exhibits a  

					lower toxicity level compared to the two compounds mentioned above.  

					The study on U. lobata root indicated a slight increase in levels of  

					alanine transaminase and aspartate transaminase as markers of  

					hepatocyte injury.27 Therefore, a cytotoxicity test of the EtOAc fraction  

					of U. lobata should be conducted to ensure its safety. As explained  

					above, the dechlorophyllization of this fraction reduced and/or  

					Identification of phytoconstituent in Urena lobata leaf fractions  

					The qualitative analysis (Figure 2 and Table 2) using LC indicated that  

					the EtOAc fraction of U. lobata contained GPI, while GPE was present  

					in very low concentrations and was not detected in this fraction. The  

					dechlorophyllized EtOAc fraction of U. lobata resulted in a decrease of  

					GPI levels by about 70% based on intensity values. Chlorophyll clean-  

					up resulted in the elimination of other active compounds as well as a  

					reduction in their concentration. The low concentration of GPE in the  

					fraction is one of the reasons the instrument cannot effectively detect  

					the phytoconstituent. Another possible explanation is that a specific  

					preparation is required for the identification of GPE using the high-  
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					eliminated the active substances, resulting in a decrease in anti-  

					inflammatory activity.  

					12. Flieger J, Zuk N, Patkowska SP, Kusmierz M, Panek R,  
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					Conclusion  

					The dechlorophyllized U. lobata leaf fraction reduced its ability to  

					inhibit NO production and decrease GPI levels, which are the target  

					phytoconstituents. Therefore, the methods for dechlorophyllization and  

					the quantitative analysis of the product must be carefully optimized.  
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