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การศกึษาครัง้นี้มวีตัถุประสงค์เพื่อตรวจสอบฤทธิต์้านอนุมูลอสิระ ต้านการอกัเสบและต้านการสร้าง

เซลล์สลายกระดูกของสารกดัจากงามอ้นรวมทัง้ศกึษากลไกที่เกี่ยวขอ้ง ใบและกากงาม้อนนํามาสกดั

โดย 70% แอลกอฮอล ์และแยกต่อโดยในสารลพลายทีม่ขี ัว้แตกต่างกนัตามลําดบัดงันี้ เฮกเซน ไดคลอ

โรมีเทน เอทิลอะซิเตท และน้ํา จากนัน้นําสารสกัดที่ได้ไปวิเคราะห์ฤทธิต์้านอนุมูลอิสระ ต้านการ

อกัเสบและสารประกอบออกฤทธิท์างชวีภาพทีส่มัพนัธ์กบัการต้านการสรา้งเซลล์สลายกระดูก ผลการ

ทดลองชี้ใหเ้ห็นว่า สารสกดัชัน้เอทิลอะซิเตทของทัง้ใบและกากงาม้อนมีฤทธิย์บัยัง้อนุมูลอสิระ การ

อกัเสบและมกีรดโรสมารนิิกสูงทีสุ่ด ดงันัน้สารสกดัชัน้เอทลิอะซเิตทจงึเหมาะทีจ่ะเรยีกว่า “สารสกดัที่

อุดมดว้ยกรดโรสมารนิิก” และใชส้าํหรบัศกึษาฤทธิต่์อกระบวนการสรา้งและกระตุน้เซลลส์ลายกระดกูที่

ถูกเหนี่ยวนําดว้ยไซโตคายน์ก่อการอกัเสบ อนุมลูอสิระชนิด ROS เป็นสญัญาณตวักลางสําคญัในการ

สรา้งเซลล์สลายกระดูก เพื่อใหไ้ดข้อ้มูลเชงิลกึระดบัโมเลกุล การส่งสญัญาณผ่าน RANKL ทีส่ามารถ

ไปกระตุ้นกระบวนการสร้างเซลล์สลายกระดูกจะถูกนํามาศกึษาด้วย โดยสารสกดัที่อุดมด้วยกรดโร

สมารนิิกสามารถยบัยัง้การสงัเคราะหอ์นุมลูอสิระชนิด ROS ในเซลล์แมโครฟาจชนิด RAW 264.7 ได ้

สารสกดันี้ยงัสามารถลดจาํนวนเซลล์สลายกระดูกทีม่หีลายนิวเคลยีสและลดกมัมนัตภาพของเอนไซม ์

TRAP การวิเคราะห์ โดยวิธี western blot พบว่า สารสกัดที่ อุดมด้วยกรดโรสมารินิก  ยับยัง้

กระบวนการสรา้งเซลล์สลายกระดูกที่ถูกกระตุ้นด้วย RANKL ผ่านการควบคุมวถิีสญัญาณของ NF-

κB c-Jun และ NFATc1 แสดงให้เห็นได้ว่าสารสกดัชัน้เอทิลอะซิเตทของทัง้ใบและกากงาม้อนเป็น

แหล่งที่อุดมด้วยกรดโรสมารินิกและใช้เป็นส่วนผสมในผลิตภัณฑ์เสริมอาหารและอาจมีประโยชน์

สาํหรบัการป้องกนัและรกัษาโรคกระดกูเช่น โรคกระดกูพรุน ดว้ย 
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Abstract: 

This study aimed to determine the antioxidant, anti-inflammatory, and anti-osteoclastogenic 

effects of perilla or Nga-mon extracts and identify the underlying mechanisms in vitro. The 

leaves and seed meal of perilla were extracted with 70% ethanol and sequentially fractionated 

according to the solvent’s polarity with hexane (Hex), dichloromethane (DMC), ethyl acetate 

(EtOAc), and water (H2O). The antioxidant, anti-inflammatory activities and bioactive 

compounds which related to anti-osteoclastogenic effects of these fractions were analyzed. The 

results indicated that the EtOAc fractions from both leaves and seed meal presented the 

highest antioxidant, anti-inflammatory activities, including rosmarinic acid (RA) contents. 

Therefore, these fractions were the most suitable as “RA-rich fractions” and used for study the 

inflammatory cytokines-induced osteoclast differentiation and activation. Reactive oxygen 

species (ROS) are crucial signal mediators in osteoclast differentiation. To attain molecular 

insights, the signaling pathways induced by receptor activator of nuclear factor kappa B ligand 

(RANKL) which trigger many transcription factors leading to the induction of osteoclastogenesis, 

were also investigated. RA-rich fractions inhibited RANKL-induced ROS production in RAW 

264.7 cells. The fractions also attenuated RANKL-induced tartrate-resistant acid phosphatase 

(TRAP)-positive multinucleated osteoclasts and reduced RANKL-induced TRAP activity. Our 

western blot analysis found that the RA-rich fractions significantly inhibited RANKL-induced 

osteoclast differentiation by down-regulating nuclear factor kappa B (NF-κB), c-Jun and 

NFATc1 signaling pathway. It can be demonstrated here that, the EtOAc extract of perilla 

leaves and seed meal could thus be a valuable source of RA and used as a natural active 

pharmaceutical ingredient in dietary supplements and may be useful for the prevention and 

treatment of bone diseases, such as osteoporosis. 

Keywords: Perilla (Nga-mon), Osteoporosis, Osteoclastogenesis, Cytokine, RANK signaling  

 



 

 

Executive summary 

 

Our preliminary research focus on the polarity-based fractionation of perilla (Nga-mon) 

leaves and seed meals according to the solvent’s polarity with hexane (Hex), 

dichloromethane (DMC), ethyl acetate (EtOAc), and water (H2O). HPLC results indicated 

that the EtOAc fractions presented the highest RA. The perilla fractions were analyzed 

the scavenging effects on DPPH•, ABTS•+, O2•- and nitric oxide (NO) radicals, FRAP 

assay, and determination of the inhibition effects on NO, inducible nitric oxide synthase 

(iNOS), and cyclooxygenase-2 (COX-2) production in the cell-based study. The EtOAc 

fractions had shown the highest antioxidant and anti-inflammatory activities. Therefore, 

these fractions were called “RA-rich fractions” and used to study the inflammatory 

cytokines-induced osteoclast differentiation and activation.  

The effect of RA-rich fractions on inflammatory cytokines-induced osteoclast in terms of 

differentiation, activation, and the underlying mechanism had been evaluated. RANKL 

delivers an important signal for osteoclast differentiation. The generation of intracellular 

reactive oxygen species (ROS) is considered a crucial step for RANKL-induced 

osteoclastogenesis. Moreover, the activation of NF-κB, AP-1, and NFATc1 are induced 

by RANKL signaling in osteoclast precursor cells.  

The result found that RA-rich fractions inhibited ROS production in RAW 264.7 cells using 

DCFH assay. From TRAP staining and TRAP activity assays, the fractions attenuated 

RANKL-induced the number of TRAP-positive multinucleated osteoclasts and decreased 

RANKL-induced TRAP activity. The western blot was also investigated and found that the 

RA-rich fractions significantly inhibited RANKL-induced osteoclast differentiation by 

downregulating nuclear factor kappa B (NF-κB), c-Jun and NFATc1 signaling pathway.  

Therefore, the EtOAc fractions from perilla leaves and seed meal could thus be a 

valuable source of RA and used as a natural active pharmaceutical ingredient in dietary 

supplements and nutraceuticals and may be useful for the prevention and treatment of 

osteoporosis. 

 

 

 

 

 

 



 

 

วตัถปุระสงค ์(Objectives) 

 

 

1. To study the effect of differential solvents on the polyphenols, flavonoids, 

rosmarinic acid (RA), anti-inflammatory and antioxidant activities of perilla leave 

and seed meals. 

 

2. To analyze the inhibitory effect of RA-rich fractions from perilla leaves and seed 

meal on inflammatory cytokine-induced osteoclastogenesis in RAW 264.7 cells 

 

3. To investigate the molecular mechanism of RA-rich fractions on inflammatory 

cytokine-induced osteoclastogenesis through RANK signaling pathway 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

วิธีทดลอง  (Material and Methods) 

 

1. Collection and preparation of plants  

Nga-mon was collected from Wiang-Sa district, Nan province, Thailand. The voucher 

specimen code is QSBG-K2 , prepared by Dr.Komsak Pintha and Dr.Payungsak 

Tantipaiboonwong, and certified by the Queen Sirikit Botanic Garden Herbarium, Chiang 

Mai, Thailand. The seed of Nga-mon will be extracted for oil by Cold Press Oil Machine, 

and seed oil will be then centrifuged until be made transparent yellow oil. The seed 

meal, by produced had been collected for our experiment. 

 

2. Extraction and Partial purification of RA-rich fraction from perilla leaves or seed 

meal 

 Dried perilla leaves and seeed meal were extracted with 70% ethanol (EtOH) to 

obtain the EtOH crude powder which was then sequentially partitioned with hexane 

(Hex), dichloromethane (DCM), ethyl acetate (EtOAc), and residue aqueous phase is 

water (H2O) (Figure 1). The percent yield of extracts and fractions were calculated as 

% w/w dry base. Each fraction was stored at 20°C and suspended in dimethyl sulfoxide 

(DMSO) before use.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Polarity-based fractionation of perilla 

 



 

 

3. Total phenolic content (TPC) 

TPC was determined using the Folin–Ciocalteu method of Hossain et al. (1). Briefly, 20 

μL of the sample was mixed with 100 μL of 10% Folin–Ciocalteu reagent and 80 μL of 

7.5% Na2CO3. After 30 mins at room temperature, the absorbance at 765 nm was 

measured, and TPC was estimated using a standard curve of gallic acid. TPC was 

expressed as milligram gallic acid equivalent per 1 g fraction (mg GAE/g fraction). 

 

4. Total flavonoid content (TFC) 

TFC was examined using the aluminum chloride colorimetric method with slight 

modification (2). Initially, 25 μL of the fraction and 125 μL deionized water were mixed 

with 7.5 μL of 5% NaNO2 solution and incubated at room temperature for 6 min. Then, 

15 μL of 10% AlCl3 was added and incubated for another 6 min. Color development 

was performed by adding 50 μL of 1 M NaOH. The final volume of the reaction mixture 

was adjusted to 250 μL using deionized water. The absorbance was measured at 510 

nm. TFC was calculated using a standard curve of catechin and expressed as milligram 

of catechin equivalent per 1 g fraction (mg CE/g fraction). 

 

5. Measurement of RA  

RA was determined by reversed-phase HPLC using the Agilent 1200 equipped with the 

multi-wavelength and fluorescence detectors. The assay was carried out using a 

Symmetry Shield RP18 column (4.6 mm × 250 mm, 5 µm particle diameters, Waters 

Co., Ltd.), and 30% acetonitrile in 0.1% acetic acid and H2O was used as a mobile 

phase with a flow rate 1.0 mL/min. The peaks were detected using a UV detector at 330 

nm. The rosmarinic acid content was rechecked with a fluorescence detector with 

excitation of wavelength at 330 nm and emission of wavelength at 400 nm. All samples 

were measured in triplicates. 

 

6. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay 

The DPPH free radical scavenging assay was performed as previously described (3). 

Various concentrations of each sample (20 μL) were mixed with 180 μL of freshly 

prepared DPPH methanolic solution and kept in the dark for 30 mins before measuring 

with an AccuReader microplate reader (Metertech Taiwan) at 540 nm. The standard 

curve was of ascorbic acid.  Results were expressed as 50% DPPH decolorization 

(IC50). 



 

 

 

7. 2,2′-Azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS) radical scavenging 

assay 

The ABTS free radical-scavenging assay was also performed using the method 

explained above (4) but with slight modifications. The ABTS solution was dissolved in 

potassium persulfate and kept in the dark for 12–14 h. Before use, this solution was 

diluted with distilled water to get an absorbance at 734 nm of approximately 0.70. The 

various concentrations of each fraction (10 μL) were mixed with 990 μL of working 

diluted ABTS and incubated for 6 min in the dark. The absorbance was measured at 

734 nm. The standard curve was of ascorbic acid and Trolox.  Results showed 50% 

ABTS decolorization (IC50). 

 

8. Superoxide anion radical scavenging assay 

The scavenging effects on superoxide anion of samples were assayed according to the 

method of Saenjum et al. (5). This method is based on the power of the samples to 

inhibit formazan formation in a phenazine methosulfate (PMS) - β-nicotinamide adenine 

dinucleotide (NADH) system. Superoxide anion radicals were generated in an NADH-

PMS system through the oxidation of NADH and then analyzed by the reduction of 

nitroblue tetrazolium (NBT).  The reaction mixture was made in PBS buffer (pH 7.4), 

which contained 78 μM of NADH, 25 μM of NBT and 45 μM of EDTA, and combined 

with different concentrations of the tested samples or positive controls (L-ascorbic acid 

and RA). PMS was added to initiate the reaction, and after 5 min of incubation in the 

dark, the absorbance was measured at 560 nm. All samples were tested in triplicate. 

The decreased absorbance indicated increased superoxide anion scavenging activity.  

 

9. Nitric oxide radical scavenging assay 

In vitro NO-scavenging activity is analyzed using Griess reaction. The reaction mixture is 

composed of 6.25 M sodium nitroprusside in PBS buffer and positive control (curcumin 

and RA) or tested samples. The reaction mixtures were incubated at 37oC for 150 min. 

Then, the reaction mixture was transferred to a 96-well plate. The Griess reagent, a 

mixture of naphthylethylene diamine and sulphanilamide was added and incubated at 

room temperature for 5 min.  The absorbance was measured at 540 nm. All samples 

were tested in triplicate.  

 



 

 

10. Ferric reducing/antioxidant power (FRAP) assay  

40 μL of each extract was mixed with 3 mL of FRAP reagent, and the reaction mixture 

was incubated at 37°C for 4 min before it was measured at 593 nm using a 

spectrophotometer. The blank solution consisted of 40 μL distilled water in 3 mL FRAP 

reagent and was incubated at 37°C for 1 h. The standard solutions consisted of 

FeSO4•7H2O in different concentrations. The results were expressed as mg Fe (II) per 

1 g fraction (mg Fe(II)/g fraction). 

 

11. Cell viability assay 

Cells were seeded into each well of a 96-well plate and incubated with fractions at 

different concentrations for 48 h. Then, 15 μL of 5 mg/mL 3-(4,5-dimethylthiazol-2yl)-

2,5-diphenyltetrazolium bromide (MTT) was added and the samples were incubated at 

37°C for 4 h. The excess MTT dye solution was removed, and only MTT formazan that 

stained living cells were re-dissolved in DMSO. The color intensity was measured at 

540 and 630 nm using a microplate reader. 

 

12. Inhibition of NO, iNOS, and COX-2 production 

Briefly, RAW 264.7 cells were cultured with DMEM in 24-wells plate for 24 h. Then, 

cells were replaced with a new medium containing various concentrations of tested 

samples and incubated for 12 h. After that, lipopolysaccharide (LPS) and interferon-γ 
(IFN-γ) was added and incubated for 48 h, the culture supernatants were collected to 

measure for NO production using Griess reaction, and the cell lysates were measured 

for iNOS and COX-2 using immunoassay kit.  The results were represented as 50% 

inhibitory concentration values (IC50). Curcumin and RA were used as a positive control 

(6).  

 

13. ROS activity using Dichlorofluorescin (DCFH) assay  

The inhibitory effect of the extracts on intracellular ROS production was investigated 

using the DCFH-DA method as previously described (7) with minor modifications. Cells 

will be seeded in 96-well cell culture plate and treated with cytokines or the fractions for 

the indicated time. Remove media from all wells. Wash cells gently with DPBS or HBSS 

2-3 times. Remove the last wash and discard. 100 µL of DCFH-DA solution final 

concentration 40 µM was loaded 1 hour before the incubation time will be 

terminated.The cells were measured for the green fluorescent intensity by a fluorescent 



 

 

microplate reader with 525 nm excitation and 480 nm emission wavelength. 50 µM N-

acetylcysteine and 250 µM ascorbic acid were used as anti-oxidant control  

 

14. Tartrate-resistant acid phosphatase (TRAP) staining assay 

RAW 264.7 cells will be seeded on a 96-well plate at a density of 5.0 × 103 cells/well 

after that incubated with RANKL at various concentration and subsequently cultured for 

9 days. The cells were subjected to TRAP staining using the leucocyte acid 

phosphatase kit (sigma Procedure No.387). TRAP-positive osteoclasts with more than 3 

nuclei will be considered to be osteoclasts. The number of osteoclasts will be counted 

under a microscope. 

 

15. Tartrate-resistant acid phosphatase (TRAP) activity assay 

After treatment, the cells were subjected to TRAP activity using acid phosphatase kit 

(sigma Procedure No CS0740) with some modification. Plate RAW 264.7 cell 1x 104 

cell/1ml/well of 24 well plates and incubate for 24 h. Remove ole medium and treat cell 

with RANKL(50 ng/ml) or extracts (various concentration) in 300 ul alpha-MEM+C-MSF 

30 ng/ml /well and change media every 3 days. After treatment for 6 days, remove 

culture supernatant, add 1 ml PBS in each well for flush cell with autopipette and collect 

cell in 1.5 or 2 ml microcentrifuge tube. Centrifuge 12,000 rpm, 4oC, 5 mins and collect 

pellet. Add 100 ul 0.1% TritonX-100 (in citrate buffer), keep in -80oC >2h and defrost at 

37 oC. Afterthat, mix 25 ul of lysate with 25 ul of 1 mg/ml pNPP (in citrate buffer: freshly 

prepare) and incubate 37 oC at dark (CO2 incubator) for 4 h. Stop reaction with 0.5 M 

NaOH 25 ul/well. The colour intensity was measured at 405 nm using a microplate 

reader. PNP was use as standard. RA was used as anti-osteoclastogenesis controls. 

                             Acid phasphatase 

RXN :             pNPP -------------------> PNP (OD 405 nm) 

                              (citrate buffer) 

 

16. Western blot analysis 

 Equal amounts of treated cells will be resuspended in sample buffer and 

separated by SDS-PAGE. After electrophoresis, proteins were electroblotted to a 

Hybond–C Extra nitrocellulose membrane. The membrane was blocked at room 

temperature (RT) with 4% BSA. Membranes will be further probed with primary 

antibodies. The blots will be washed and probed with secondary antibodies. After 



 

 

incubation, the immunoreactive material was visualized by enhanced 

chemiluminescence. 

 

17. Statistical analysis 

Data are shown as the mean ± standard deviation of three independent experiments.   

The statistical analysis was determined using one-way analysis of variance. Significant 

differences at the level of p < 0.05 and < 0.01 were determined by Tukey’s multiple 

comparison test, and data correlation was obtained by Pearson correlation test, using 

IBM SPSS Statistics 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ผลการทดลอง  (Results and discussion) 

 

1. Extraction & Purification of Nga-mon (Perilla) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Perilla extraction and partition. 

 

2. Yield and physical properties of perilla fractions 

The percent yields of ethanolic crude extract of leaves (LE) and seed meal (SME) were 

13.43 and 5.64% w/w, respectively. The crude extract was sequentially partitioned with 

Hex, DCM, EtOAc, and H2O fractions. The percent yields by the above solvents from 

leaves were 42.2, 14.5, 12.2, and 30.8%, respectively, and from seed meal were 15.97, 

1.95, 2.77, and 54.46%, respectively. Each fraction produced different yields according 

to the solvent used and its PI (8). The results showed that the lower yield was noted in 

EtOAc and DCM fractions compared with the Hex and H2O fractions. This may be due 

to the presence of polyphenols in the fractions. Moreover, various colours and 

appearance of fractions were observed (Table 1), which may indicate different 

ingredients such as polyphenols, chlorophyll, resin, tannin, nutrients, and minerals (9, 

10). 

 

 

 

 



 

 

Table 1 Percent yield and physical properties of perilla fraction. 

 

Solvents  
Polarity index  Leaves Seed meal 

Physical Properties 
(PI) Abbr.1 % Yield Abbr.1 % Yield 

Ethanol (EtOH) 5.2 LE 13.4 SME 5.6 Green-brownish powder 

Hexane (Hex) 0 LHF 42.5 SMHF 16.0 Dark-brownish sticky  

Dichloromethane (DCM) 3.7 LDF 14.5 SMDF 2.0 Dark green-brownish sticky   

Ethyl acetate (EtOAc) 4.4 LEF 12.2 SMEF 2.8 Yellow-brownish sticky  

Water (H2O) 9 LWF 30.8 SMWF 54.5 Brown powder 
1 Abbr. = Abbreviation 

 

3. Total phenolic, flavonoid content of perilla fractions 

Phenolic compounds are the most ubiquitous groups of plant secondary metabolites and 

known for their antioxidant activities (11). The chain reaction of lipid peroxidation can be 

stopped through the donation of a hydrogen from phenolic compounds to a free radical, 

which acts as an antioxidant. The total amount of the phenolic compounds was 

evaluated by using the regression equation of the calibration curve and expressed in 

gallic acid equivalents (GAE).  

The TPC values of LF (from 399.0 ± 1.5 to 5225.9 ± 5.7 mg GAE/g fraction) were 

significantly higher than those of SMF (from 2.3 ± 0.0 to 55.0 ± 0.3 GAE/g fraction). 

This result is consistent with previous studies that found that the TPC of crude extracts 

of leaves was greater than the seed crude extracts (12) and in seed EtOH extract 

compared with the seed meal EtOH extract (3). The highest TPC was detected in the 

leaf and seed meal EtOAc fractions (5225.9 ± 5.7 and 55.0 ± 0.3 GAE/g fraction, 

respectively) and the lowest in leaf DCM fraction and seed meal hexane fraction (399.0 

± 1.5 and 2.3 ± 0.0 GAE/g fraction, respectively).  

Inconsistent with the TPC results, LF exhibited a greater TFC (218.8 ± 4.1 to 4,012.6 ± 

15.9 mg CAE/g fraction) compared with SMF (0.9 ± 0.0 to 41.8 ± 1.1). The highest TFC 

was found in the leaf and seed meal EtOAc fractions (4,012.6 ± 15.9 and 41.8 ± 1.1 mg 

CAE/g fraction, respectively). The declining level of LF was sequenced by leaf EtOH 

extract (1,293.3 ± 9.7 mg CAE/g fraction), leaf water fraction (1,010.6 ± 1.4 mg CAE/g 

fraction), leaf hexane fraction (305.0 ± 7.6 mg CAE/g fraction), and leaf DCM fraction 

(218.8 ± 4.1 mg CAE/g fraction). The seed meal EtOH extract had the second highest 

TFC (6.5 ± 0.0 mg CAE/g fraction), followed by the seed meal water fraction (5.4 ± 0.1 

mg CAE/g fraction), seed meal DCM fraction (3.2 ± 0.2 mg CAE/g fraction), and seed 

meal hexane fraction (0.9 ± 0.0 mg CAE/g fraction). As shown in Table 2. 



 

 

The polarity of a solvent is a primary determinant in the amount of extracted 

compounds, especially polyphenolics and flavonoids, which are commonly present in 

rosemary and tea (13). In this study, ethyl acetate (PI = 4.4) was found to be the most 

effective solvent for the extraction of polyphenolics and flavonoids. Normally, polar 

solvents contain hydroxyl groups that can hydrogen bond with polyphenolics and 

flavonoids (14). Reasonably, the TPC and TFC was high in the H2O, EtOH, and EtOAc 

fractions, which have higher PI than the Hex and DCM fractions (15).  

 

4. RA levels in the perilla fractions 

RA, an ester of caffeic acid and 3-(3,4-dihydroxyphenyl) lactic acid, is found in several 

plants of the Lamiaceae family, such as perilla, balm mint, and rosemary (16-18). RA is 

known to have a number of potentially beneficial biological effects including antioxidant, 

anti-inflammation, anti-allergy, anti-glycation, and protective effects on the nervous system 

and the liver (19-21). It was reported that polyphenolic compounds in the ethanolic extract 

of perilla leaves are primarily composed of RA by ultra-HPLC (22). Perilla parts also 

contain other polyphenolics such as luteolin, apigenin, caffeic acid, and their glucosides, 

as well as ferulic acid, vanillic acid, chlorogenic acid, and 4’,5,7-trimethoxyflavone (23, 

24). However, the sequential fractionation and purification of RA from perilla leaves and 

seed meal have not been extensively investigated and reported. 

RA levels in all of the fractions were therefore determined by HPLC. The EtOAc fraction 

of leaves and seed meal contained the highest amount of RA (303.3 ± 6.4 and 376.8 ± 

1.9 mg/g, respectively) (Figure 3 and Table 2). Korean and Chinese investigators (24, 25) 

also recently demonstrated that the EtOAc fraction of perilla leaves and seed flour had 

the highest content of polyphenolics and flavonoids and the most abundant phenolic acid 

was RA. 

RA contains carboxyl and hydroxyl groups, which easily form hydrogen bonds with polar 

solvents (15, 26); therefore, H2O, EtOH, and EtOAc can extract more RA than Hex and 

DCM. The results in this study also showed that the purity of RA from the seed meal 

EtOAc fraction was approximately 18-fold higher than that of the EtOH fraction. Thus, we 

can conclude that the solubilisation of RA in the EtOAc fraction is related to the PI of the 

solvent. Moreover, we demonstrated that the oil-removed perilla seed meal is rich in RA, 

which could be isolated and purified by sequential extraction. 

 

 

 



 

 

 

 
Figure 3 High performance liquid chromatography (HPLC) chromatograms of rosmarinic 

acid (RA) in the leaf fraction (a) and seed meal fraction (b). Detection was at 280 nm. 

Retention times (min) of RA peaks of each fraction are shown. 

 

 

 

 

 

 

 

 

 



 

 

 

Table 2 Total phenolic, flavonoid, and RA content of perilla fractions. 
Extract 

& 

fractions 

TPC TFC RA 

mg GAE/g fraction mg CAE/g fraction mg /g fraction 

LE 2022.1 ± 9.2 b 1293.3 ± 9.7 b 69.1 ± 1.8 d 

LHF 447.5 ± 0.7 d 305.0 ± 7.6 d 6.6 ± 0.7 b 

LDF 399.0 ± 1.5 e 218.8 ± 4.1 e 2.9 ± 0.6 a 

LEF 5225.9 ± 5.7 a 4012.6 ± 15.9 a 303.3 ± 6.4 e 

LWF 1753.4 ± 11.0 c 1010.6 ± 1.4 c 45.2 ± 0.9 c 

SME 10.8 ± 0.0 c 6.5 ± 0.0 b 42.2 ± 0.3 b 

SMHF 2.3 ± 0.0 e 0.9 ± 0.0 e 4.5 ± 0.0 d 

SMDF 11.2 ± 0.0 b 3.2 ± 0.2 d 3.8 ± 0.0 e 

SMEF 55.0 ± 0.3 a 41.8 ± 1.1 a 376.8 ± 1.9 a 

SMWF 8.0 ± 0.0 d 5.4 ± 0.1 c 32.0 ± 0.5 c 

All values are expressed as mean ± standard deviation (SD; n = 3).  

Different letters in each group (leaves and seed meal) indicate a significant difference (p < 0.05). 

 

5. In vitro antioxidant activities of perilla fractions 

The antioxidant activity of perilla fractions was measured by DPPH, ABTS radical 

scavenging assay. In the DPPH assay, the EtOAc fractions, LEF and SMEF, possessed 

the highest antioxidant activity with IC50 values of 9.14 ± 0.54 and 9.20 ± 0.69 μg/mL, 

respectively. The Hex fractions, LHF and SMHF, exhibited less scavenging activity with 

IC50 values > 200 and 86.1 ± 5.9 µg/mL (Table 3). Consistent with a previous study 

(27), the data showed the scavenging abilities of DPPH radicals at 0.5 mg fraction/mL 

were highest in the EtOAc fractions and lowest in the Hex fractions of the perilla leaf.  

In the ABTS assay, the LEF and SMEF also had the highest antioxidant activity with 

IC50 values of 4.2 ± 0.3 and 3.6 ± 0.1 μg/mL. The LHF and SMHF also exhibited less 

scavenging activity with IC50 values of 48.2 ± 1.4 and 86.1 ± 5.9 μg/mL (Table 3). 

Similar results have been reported previously (23-25). 

The ability of perilla fractions to scavenge O2
•- and NO radicals were also analyzed 

using NADH-PMS system and Griess reaction assay. The calculated IC50 values denote 

the concentrations of the fraction required to decrease the scavenging activity by 50%. 

Moreover, the results are shown in Table 3.  The radical scavenging showed that the 

EtOAc fraction possessed the highest antioxidant activity. The DCM fraction exhibited 

less scavenging activity. Surprisingly, nitric oxide radical scavenging activity in EtOAc 

fraction was almost equal to rosmarinic acid, which was used as a positive control. 

Beside scavenging assay, antioxidant activity was also measured by ferric 



 

 

reducing/antioxidant power assay; the highest and lowest antioxidant capacity was also 

observed in the EtOAc and DCM fractions, respectively.  

 

Table 3 Antioxidant activities of perilla fractions 

Fractions & 
Reducing power assay 

(mg Fe (II)/g fraction) 

Radical scavenging assay 

IC50 (µg/mL) 

standards FRAP DPPH• ABTS•+ O2
•- NO 

PE 1,326.6 ± 67.4 b   23.0 ± 3.2 a   5.6 ± 0.1 b 24.5 ± 0.82 d 30.64 ± 1.24 c 

PHF    279.1 ± 12.2 a 110.6 ± 5.9 c 48.2 ± 1.4 d 45.2 ± 2.45 e 66.64 ± 1.25 d 

PDF    213.0 ± 12.7 a 157.6 ± 7.7 d 48.8 ± 1.6 d 87.7 ± 2.54 f 99.17 ± 2.77 e 

PEF 4,759.1 ± 183.6 c     9.1 ± 0.5 a   4.2 ± 0.3 b 18.4 ± 0.57 c 17.44 ± 4.68 b 

PWF 1,328.9 ± 16.2 b   99.4 ± 6.4 c 12.2 ± 0.7 c 24.9 ± 0.93 d 36.46 ± 0.93 c 

SME 667.6±14.7 a 76.6 ± 5.1 b 20.7 ± 0.4 c 28.7 ± 1.39 c 40.63 ± 1.32 d 

SMHF 156.7±6.4 a >200 d 86.1 ± 5.9 e 81.9 ± 3.25 d 95.86 ± 3.04 f 

SMDF 294.3±5.9 a 162.9 ± 11.7 c 16.2 ± 0.2 b 92.8 ± 3.37 e 100.05 ± 3.20 g 

SMEF 17,086.6±313.2 b 9.2 ± 0.7 a 3.6 ± 0.1 a 19.5 ± 1.13 b 26.55 ± 0.87 c 

SMWF 610.6±17.7 a 25.6 ± 1.4 a 30.6 ± 0.5 d 32.0 ± 1.79 c 43.89 ± 1.24 e 

L-ascorbic acid 
 

  13.6 ± 1.3 b   2.1 ± 0.0 a   6.9 ± 0.3 a  

RA 
   

13.1 ± 0.5 b 17.7 ± 1.0 b 

Curcumin           9.6 ± 0.6 a 

All values are expressed as mean ± standard deviation (SD; n = 3). 

Different letters indicate a significant difference (p < 0.05). 

 

6. Cell-based study of anti-inflammatory activities of perilla fractions 

To evaluate the effect of the perilla fractions on the LPS and IFN-γ-stimulated the 

production of NO, iNOS, and COX-2 in RAW 264.7 cells, Griess reaction assay and 

ELISA were measured. As displayed in Table 4, amongst the fractions, the most active 

response was seen in the EtOAc fraction in all inflammatory proteins. The weak 

inhibition was found in the DCM fraction. 

 

 

 



 

 

Table 4 Inhibition of NO, iNOS, and COX-2 production 

Fractions & IC50 (µg/mL) 

standards NO iNOS COX-2 

PE 26.4 ± 1.0 d 34.3 ± 1.5 d 39.4 ± 1.7 d 
PHF 33.3 ± 1.4 e 38.3 ± 1.6 e 42.6 ± 2.1 d 

PDF 44.3 ± 1.5 f 53.9 ± 1.3 g    > 100  

PEF 17.9 ± 0.7 c  24.2 ± 1.8 c 26.9 ± 1.4 c 

PWF 24.1 ± 1.1 d 42.2 ± 1.6 f 49.6 ± 2.8 e 

SME 28.1 ± 1.6 d 34.4 ± 1.5 d 39.4 ± 1.7 d  
SMHF 43.0 ± 1.6 e 38.3 ± 0.6 e 42.6 ± 0.1 d 

SMDF 54.2 ± 1.7 f 53.9 ± 2.3 g > 100  

SMEF 21.2 ± 1.4 c 24.2 ± 2.7 c 26.9 ± 2.4 c 

SMWF 29.7 ± 2.0 d 42.2 ± 7.6 f 49.6 ± 7.8 e 

RA 13.2 ± 0.6 b 17.5 ± 1.3 b 21.3 ± 1.8 b 

Curcumin   7.5 ± 0.7 a   8.9 ± 0.6 a   9.4 ± 0.7 a 

All values are expressed as mean ± standard deviation (SD; n = 3).  

Different letters in each group (leaves and seed meal) indicate a significant difference (p < 0.05).

  

7. Effect of perilla fractions on cells viability 

In the present study, cellular cytotoxicity was measured using the MTT assay. Our results 

demonstrated that the perilla fractions at concentrations 100-200 μg/mL were safe and 

could be used for the further experiments (Figure 4-5). 
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Figure 4 Cytotoxicity of perilla fractions on murine macrophage/osteoclast precursor cell line (RAW 

264.7) using MTT assay. (A) Perilla leave extract (B) Perilla seed meal extract. The intensity was 

determined by microplate reader (540/630). Data are expressed as percentages of the value of the 

control cells. Each value represents mean ± SD in triplicate.  
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Figure 5 Cytotoxicity of perilla fractions on peripheral blood mononuclear cells (PBMCs) using MTT 

assay. (A) Perilla leave extract (B) Perilla seed meal extract. The intensity was determined by 

microplate reader (540/630). Data are expressed as percentages of the value of the control cells. 

Each value represents mean ± SD in triplicate.  

 

8. Effects of perilla fractions on H2O2-induced ROS in RAW 264.7 macrophages and 

PBMCs. 

Hydrogen peroxide (H2O2) is an important indicator of ROS accumulation and is used in 

many studies to induce ROS. Treatment with H2O2 increased ROS generation and set 

as 100%. But ROS generation was significantly reduced in the presence of the perilla 

fractions as the dose-dependent manner (Figure 6-7).  
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Figure 6 Effect of perilla fractions on ROS production induce by H2O2 using DCFH assay in RAW 

264.7 cells. ROS production was measured by a fluorescent plate reader (485/525). Data are 

expressed as percentages of the value of the control cells. Each value represents mean ± SD in 

triplicate. (* P<0.05, vs. control).  
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Figure 7 Effects of perilla fractions on H2O2-induced reactive oxygen species (ROS) in PBMCs. 

Untreated cells were used as a negative control. N-acetylcysteine (80 μM) and ascorbic acid (250 

mM) were used as positive controls. Data represent the mean ± SD of three independent experiments. 

*p < 0.05, ** p < 0.001 versus untreated cells. Error bars indicate SD. LE, leaf EtOH extract; LHF, leaf 

hexane fraction; LDF, leaf DCM fraction; LEF, leaf EtOAc fraction; LWF, leaf water fraction; SME, 

seed meal EtOH extract; SMHF, seed meal hexane fraction; SMDF, seed meal DCM fraction; SMEF, 

seed meal EtOAc fraction; and SMWF, seed meal water fraction. 

 

9 .  Effects of perilla fractions on RANKL-induced ROS in RAW 264.7 macrophages 

and PBMCs. 

The sustained generation of intracellular ROS is considered an important step for 

RANKL-induced osteoclastogenesis. In various receptor signaling pathways, ROS acts 

as a second messenger. It is reported that the production of ROS in response to 

RANKL is increased and acts as an intracellular mediator for the ERK signaling pathway 

in osteoclast differentiation and activation (28). Therefore, it was determined if the 

fractions affected RANKL-induced ROS generation.  

 

 



 

 

The intracellular ROS production in RAW264.7 cells after the treatment with RANKL as 

100% (control group). The generation of intracellular ROS was dose-dependently 

attenuated by the treatment of perilla fractions within the concentration range from 25-

200 µg/mL (Figure 8).  

 

 
 

Figure 8 Effects of perilla fractions on RANKL-induced ROS in RAW 264.7 cells. Untreated cells were 

used as a negative control. N-acetylcysteine (80 μM) and ascorbic acid (250 mM) were used as 

positive controls. Data represent the mean ± SD of three independent experiments. *p < 0.05, ** p < 

0.001 versus untreated cells. Error bars indicate SD. LE, leaf EtOH extract; LHF, leaf hexane fraction; 

LDF, leaf DCM fraction; LEF, leaf EtOAc fraction; LWF, leaf water fraction; SME, seed meal EtOH 

extract; SMHF, seed meal hexane fraction; SMDF, seed meal DCM fraction; SMEF, seed meal EtOAc 

fraction; and SMWF, seed meal water fraction. 



 

 

10. Effect of RA-rich fractions from perilla leaves and seed meal on RANKL-induced 

osteoclastogenesis in RAW 264.7 cells using TRAP staining and TRAP activity 

assay 

To evaluate whether the RA-rich fractions (LEF and SMEF) inhibited 

osteoclastogenesis, its effects on osteoclast differentiation in RANKL-induced RAW 

264.7 cells were investigated. Osteoclast precursor cells of monocyte-macrophage 

lineage fuse to form TRAP-positive multinucleated cells. The multinucleated osteoclasts 

reorganize the actin cytoskeleton to attach to the bone surface and to resorb the bone 

(29).  

The degree of osteoclast differentiation was indicated by the number of TRAP-stained 

cells according to TRAP staining analysis. The TRAP staining showed that RA-rich 

fractions inhibited the formation of mononuclear and multinuclear osteoclasts as the 

concentration of the extracts was increased. RA were use as TRAP inhibitors (Figure 

9).  

Furthermore, we investigated whether the fractions were effective on RANKL-stimulated 

TRAP activity in RAW 264.7 cells. The TRAP activity increased by up to 160% after 

treatment with RANKL compared with that of the control. However, treatment with LEF 

100mg/ml, SMEF 50mg/ml reduced the TRAP activity. RA were use as TRAP inhibitors. 

This result was well correlated with the analysis of TRAP staining. As shown in Figure 

10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 

Figure 9 Effect of RA-rich fractions on RANKL-induced osteoclast differentiation. Cells were exposed 

to RANKL (100 ng/mL) in the presence and absence of RA-rich fractions (A: LEF and B: SMEF) 

for 10 days. The cells were fixed and stained using a leukocyte acid phosphatase (TRAP) kit. Con; 

positive control, (which was not treated), RANKL; negative control, (which was treated with only 

RANKL), Sample treated group; RANKL+ sample. TRAP positive multinucleated osteoclasts were 

visualized in 10× magnification under light microphotography  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Effect of RA-rich fractions from perilla leaves and seed meal on RANKL-stimulated TRAP 

activity in RAW 264.7 cells. Cells were exposed to RANKL (100 ng/mL) in the presence of LEF (A), 

SMEF (B), RA (C) for 6 days. TRAP activity was measured by TRAP solution assay. All data are 

presented as the mean ± SD of three independent experiments performed with n =3. Statistical 

analysis were done by Comparing, Con (positive control, which was not treated) vs. RANKL 

(negative control, which was treated with only RANKL, ### p < 0.05) and RANKL vs. sample treated 

group (*** p < 0.05). Result of TRAP activity were express as mU/ml (Upper) and % of control 

(Lower).  

 

11. The molecular mechanism of RA-rich fractions on RANKL-induced 

osteoclastogenesis through RANK signaling pathway using western blot analysis 

The RANKL/RANK/OPG system is essential for osteoclast differentiation as well as 

fever response in inflammation. RANKL delivers important signals for osteoclast 

differentiation, whereas osteoclasts and their precursor cells receive survival signals 

from M-CSF. The activation of three major mitogen-activated protein kinases, ERK, JNK 

and p38, are induced by RANKL signaling in osteoclast precursor cells. Subsequently, 

MAPKs initiate the induction and activation of many transcription factors associated with 

the expression of osteoclast-specific genes—namely, NFATc1, activator protein 1 (AP-1) 

and NF-kB. Activated ERK and JNK can directly phosphorylate c-Fos and c-Jun, 

respectively. Therefore, transcription factor AP-1, which is a heterodimer of proteins 

from the Fos and Jun families, could be a target of ERK and JNK in RANKL-induced 

osteoclast precursor cells. A previous study reported that c-Fos and NFATc1 expression 

was induced by RANKL in osteoclast precursor cells (30). NF-kB is also considered a 



 

 

crucial transcription factor for osteoclast differentiation induced by RANKL. In response 

to RANKL signaling, the proteasome-mediated degradation of inhibitory kappa B (IκB) 

characterized the activation and nuclear translocation of NF-kB in osteoclast precursor 

cells. Then, the effect of RA-rich fractions on RANK signaling pathway through NFATc1, 

NF-kB, and AP-1 expression will be studied.  

Our results found that RA-rich fractions can inhibit IκBα degradation (Figure 11), NF-

κB activation (Figure 12-13), and translocation (Figure 14). In addition, RA-rich 

fractions can also decrease c-Jun (AP-1) (Figure 15) and NFATc1 expression (Figure 

16-17) in time and dose-dependent manner.  
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Figure 11 Effect of RA-rich fractions on IκBα degradation. Cytoplasmic extract from RAW264.7 

treated with LEF 100 µg/ml (Left) and SMEF 50 µg/ml (Right) for 12 h, follow by RANKL (100 

ng/mL) for 0, 10, 30, and 60 mins. The expression of the proteins was determined by Western blot 

analysis, and  β-actin was used as a loading control.  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Figure 12 Effect of SMEF on the phosphorylation of NF-κB. Whole cell extract from RAW264.7 

exposed to RANKL (100 ng/mL) in the presence and absence of SMEF 12.5, 25, and 50 µg/ml for 

24 h (Left) and 48 h (Right). The expression of the proteins were determined by Western blot 

analysis and β-actin was used as loading control.  

 

 

 

 

 

 

Figure 13 Effect of LEF and SMEF on the phosphorylation of NF-κB. Whole cell extract from 

RAW264.7 exposed to RANKL (100 ng/mL) in the presence and absence of LEF 25, 50, and 100 

µg/ml (Left) and SMEF 12.5, 25, and 50 µg/ml (Right) for 48 h. The expression of the proteins 

were determined by Western blot analysis and β-actin was used as loading control.  

 

 

 

 

 

 

 

 

 

Figure 14 Effect of RA-rich fractions on nuclear translocation of NF-κB. Nuclear extract from 

RAW264.7 treated with LEF 100 µg/ml (Left) and SMEF 50 µg/ml (Right) for 12 h, followed by 

RANKL (100 ng/mL) for 0, 10, 30, and 60 mins. The expression of the proteins was determined by 

Western blot analysis, and  PARP was used as a loading control.  

 



 

 

 

 

 

 

 

 

 

 

 

Figure 15 Effect of RA-rich fractions on c-Jun expression. Nuclear extract from RAW264.7 treated 

with LEF 100 µg/ml (Left) and SMEF 50 µg/ml (Right) for 12 h, follow by RANKL (100 ng/mL) for 

0, 10, 30, and 60 mins. The expression of the proteins was determined by Western blot analysis, 

and  PARP was used as a loading control.  

 

 

 

 

Figure 16 Effect of RA-rich fractions on NFATc1 expression (vary time). Nuclear extract from 

RAW264.7 exposed to LEF 100 µg/ml (Left) and SMEF 50 µg/ml (Right) for 12 h, follow by 

RANKL (100 ng/mL) for 0, 10, 30, and 60 mins. The expression of the proteins was determined by 

Western blot analysis, and  PARP was used as a loading control.  

 

 

 

 

 

 

Figure 17 Effect of SMEF on NFATc1 expression (vary dose). Whole cell extract from RAW264.7 

treated with RANKL (100 ng/mL) in the presence and absence of SMEF 12.5, 25, and 50 µg/ml for 

24 h. The expression of the proteins was determined by Western blot analysis, and β-actin was 

used as a loading control.  

 

 



 

 

สรปุและวิจารณ์ผลการทดลอง และข้อเสนอแนะสาํหรบังานวิจยัในอนาคต  

(Conclusions and suggestion for future research ) 

 

Perilla Frutescens (perilla or Nga-mon in Thai) is a herb that belongs to the mint family, 

traditionally grown in East Asia, mainly Northern Thailand (31). It is used in local 

wisdom for various purposes including medicine and cosmetics, edible oil, as a herb in 

salads, sushi, soups, and as a spice, as well as a food decoration or a colorant. The 

perilla leaves have a sweet taste, containing about 3.1% protein, 0.8% fat, 4.1% 

carbohydrate, and 1.1% ash. The young leaves are used as a spice, older leaves used 

as a food decoration or flavoring and wound healing. In particular, perilla leaves exhibit 

several health benefits due to a high content of polyphenols, flavonoids, including 

rosmarinic acid (32). Recently, it was shown that Thai perilla leaf inhibited the invasion 

and migration of human breast cancer (33).   

Our studies found that the EtOAc fraction of perilla leaves and seed meal had the 

highest content of polyphenols, flavonoids, and RA. Typically, antioxidants are 

compounds that can delay or inhibit the oxidation of lipids and other molecules, and act 

by one or more of the following mechanisms; reducing activity, free radical scavenging, 

possible complexation of pro-oxidant metals, and quenching of singlet oxygen (34).  As 

seen in the present study, the various scavenging capacities by different assays may be 

due to the principle and mechanism (35-37). The results from the different antioxidant 

activities demonstrated a similar trend that the EtOAc fractions showed the highest 

DPPH, ABTS, O2
•- and NO radical scavenging activity. Also, the EtOAc fractions 

showed the highest antioxidant capacity through ferric reducing/antioxidant power assay.  

These results were consistent with that reported in the literature (9, 25, 38). Moreover, a 

cell-based anti-inflammatory activity found that perilla can also inhibit LPS and IFN-γ-
stimulated the production of NO, iNOS, and COX-2 in RAW 264.7 mouse macrophage 

cells. From all the above data, the EtOAc fraction from perilla leaves and seed meal 

were the most suitable as RA-riched fractions to use for study the inflammatory 

cytokines-induced osteoclast differentiation and underlying molecular mechanisms. 

Osteoclasts are unique cells that degrade the bone matrix. These large multinucleated 

cells differentiate from the monocyte/macrophage lineage upon stimulation by two 

essential cytokines, macrophage colony-stimulating factor (M-CSF) and RANKL (39). In 

addition, RANKL activates various transcription factors such as NF-κB, c-Jun, and 

NFATc1, including ROS, which are responsible for osteoclast differentiation (40).  



 

 

The present studies showed that RA-rich fractions inhibited RANKL-induced ROS 

production in RAW 264.7 cells. The fractions also attenuated RANKL-induced the 

number of TRAP-positive multinucleated osteoclasts and reduced RANKL-induced 

TRAP activity. To attain molecular insights, our results found that the RA-rich fractions 

significantly inhibited RANKL-induced osteoclast differentiation by down-regulating 

nuclear factor kappa B (NF-κB), c-Jun and NFATc1 signaling pathway.  

It can be concluded here that, the EtOAc fractions from perilla leaves and seed meal 

showed the highest in phenolics, flavonoids, and RA, which were strongly related to 

antioxidant capacity and anti-inflammatory activity. Moreover,these RA-riched fractions 

can also inhibit RANKL-induced ROS generation and reduce osteoclast differentiation by 

down-regulating nuclear factor kappa B (NF-κB), c-Jun and NFATc1 signaling pathway. 

Finally, RA-rich fractions may provide therapeutic strategies for bone diseases 

associated with excessive osteoclast differentiation and function.  

Future research should focus on the isolation of their active compounds and their in-vivo 

biological activities. Their beneficial applications need to be warranted by such 

evidence. 
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