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Abstract

:

The purpose of this study was to simultaneously develop anti-hyperuricemic and anti-wrinkle source using Camellia japonica leaf (CJ). CJ extract was prepared. Its contents of biomarkers and biological activities were then analyzed. First, we investigated the extraction efficiency. The extraction rate was 10% or less with hot water or 80% ethanol. HPLC analysis revealed that CJ extract contained rutin, hyperoside, isoquercitrin, chlorogenic acid (CGA), gallocatechin gallate (GCG), and phillygenin. As a result of measuring contents of biomarkers in the extract, CGA was detected in 20, 40, and 60% ethanol extracts. GCG showed the highest content in the hot water extract. Hyperoside and isoquercitrin showed the highest contents in the 80% ethanol extract. Philligenin showed an even content of 0.1% or more in all samples except for 40% ethanol extract. Rutin showed the highest content in 80% ethanol extract. Elastase inhibitory abilities of six extracts and PPRM were investigated at a concentration of 0.5 mg/mL. Results revealed that PPRM and 80% ethanol extract showed about 80% and 62% inhibition, respectively. As a result of comparing elastase inhibitory activities of biomarkers, hyperoside, isoquercitrin, and philligenin showed higher activities. Among six extracts, the extract that could be used as an anti-hyperuricemic source was 80% ethanol extract. When xanthine oxidase (XO) inhibitory activities of biomarkers were evaluated, rutin and hyperoside showed excellent activities. In particular, when XO activity was measured by mixing rutin and hyperoside with 80% ethanol extract, the same efficacy as 80% ethanol extract was obtained. It was predicted that 80% ethanol extract could be used simultaneously as an anti-hyperuricemic and anti-wrinkle source. Further studies are needed to determine anti-hyperuricemic activities of rutin and hyeproside in vivo.
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1. Introduction


Camellia japonica L. (Theaceae, CJ) is known to possess antioxidant [1,2,3] and anti-inflammatory effects [4,5]. It has been used in traditional medicine, which has been described in Donguibogam (the Korean medical encyclopedia) [6]. According to recent reports, CJ oil has excellent anti-asthmatic effects. CJ oil can suppress asthma occurrence via GATA-3 and IL-4 pathway. In particular, oleic acid has been reported as the main effective substance of CJ oil [7]. The anti-hyperuricemic effect of CJ extract has been reported in an animal model of hyperuricemia. Rutin and chlorogenic acid have been identified as anti-hyperuricemic markers in CJ extract [8]. Recently, it has been reported that CJ extract can reduce skin diseases with whitening effects. CJ essential oil has been reported to possess a whitening effect by inhibiting α-MSH-induced melanin production. It also possesses tyrosinase inhibitory effect in B16F10 cells [9]. Camellioside A isolated from CJ flowers can regulate keratinocyte MMP-1 expression through MAPK pathway regulation [1,10]. Thus, CJ has potential as a source to develop cosmetic materials. In addition, CJ fruit and stem extracts have been reported to possess pluripotency and wound healing effects [1,10].



Studies on the optimization of CJ extract have been reported using by-products from CJ oil. Kim et al. have optimized the extraction through response surface methodology (RSM). An optimal extract made from CJ seed cake has been reported to possess about 19% of acetylcholinesterase (AchE) inhibitory activity with an extraction yield of 13%, indicating an excellent recycling potential of CJ seed cake [11,12]. Studies on the identification and analysis of active ingredients of CJ have revealed triterpenes, saponins, glycosylated flavonoids, and tannins as its constituents [13,14]. However, compared to reports on the efficacy and efficacy of CJ, there are few studies on the optimization of extraction and establishment of analysis methods for functional materials of CJ [12]. In particular, optimization of extraction of natural products is an essential process to improve material productivity. Establishment of analysis methods is important because it occupies an important part of product reliability.



From natural foods to functional foods and cosmetic materials, research begins with optimization of extraction. In general, hot water or organic solvent extract is used. Recently, supercritical CO2 extraction or subcritical extraction has been widely used [15,16]. Supercritical CO2 extraction or subcritical extraction is very useful in that it can extract various functional substances such as polyphenols and saponins. In the present study, the productivity of functional substances in hot water and ethanol extracts was investigated under the consideration of production cost.



Recently, the provincial governments of South Korea have made many efforts to industrialize C. japonica in the field of food and medicinal sources. Thus, we have investigated anti-hyperuricemic, anti-asthmatic, and antioxidant effects of CJ for the specialization of CJ and reported its biological constituents [8,9]. In addition, CJ leaf extract possesses antioxidant and skin protection effects [1,2,9,10,17,18]. We have identified biomarkers for anti-wrinkle effect of CJ extract and confirmed that CJ can be applied simultaneously as an anti-gout and wrinkle-improving source through optimization of CJ extract. In the present study, active substances and analysis methods related to the optimization of CJ leaf extract based on its anti-heperuricemic and anti-wrinkle effects are presented. The proposed biomarkers and analysis methods are considered to be appropriate for quality control of optimized extracts.




2. Results and Discussion


2.1. Extraction Yields of Extracts and Analysis of Bioactive Markers


For CJ extract preparation, hot water and ethanolic extracts (20–100%) were prepared. The extraction yield of CJ was less than 10% with hot water or 80% ethanol. Other extracts showed yields of more than 10% (Table 1).



Biomarkers such as rutin, hyperoside, isoquercitrin chlorogenic acid, gallocatechin gallate, and phillygenin in CJ extracts were analyzed by HPLC (Table 2). As a result of measuring contents of biomarkers in the extract, CGA was detected at 0.02% in 20, 40, and 60% ethanol extracts. GCG showed the highest content in the hot water extract (0.05 ± 0.004%). Hyperoside and isoquercitrin showed the highest contents in the 80% ethanol extract (0.65 ± 0.051 and 0.46 ± 0.042%, respectively). Philligenin showed an even content of 0.1% or more in all samples except for the 40% ethanol extract. Rutin showed the highest content (0.94 ± 0.078%) in 80% ethanol extract (Table 3).




2.2. Evaluation of Elastase Inhibitory Effects of CJ Extracts


Elastase inhibitory effects of six extracts and phosphoramidon (PPRM), a control, at a concentration of 0.5 mg/mL were evaluated. PPRM and 80% ethanolic extract showed about 80% and 62% of elastase inhibitory activity, respectively. In order to confirm correlations between analyzed biomarkers and elastase inhibition activities, elastase inhibitory activities of single markers were analyzed. Elastase inhibitory activities of hyperoside, isoquercitrin, and philligenin were 31.74 ± 0.57%, 17.98 ± 1.50%, and 13.70 ± 0.25%, respectively. They were thought to be main markers for anti-wrinkle substances. Inhibitory abilities of CGA, GCG, and rutin were 3.45 ± 0.21% and 4.57 ± 0.11%, 0.45 ± 0.003 respectively, showing weak activities (Table 4). Thus, they were considered as minor components of anti-wrinkle effect. Rutin was measured to be 0.45%. Therefore, it was determined that biomarkers for anti-wrinkle activities of CJ extract were hyperoside, isoquercitrin, and philligenin. Table 3 shows results of comparison of elastase inhibitory effects by preparing biomarkers under the same conditions as those contained in the 80% ethanolic extract. A mixture of the three biomarkers showed 50% elastase inhibition activity compared to the 80% ethanolic extract. According to this result, it is expected that hyperoside, soquercitrin, and philligenin are the main components of CJ extract. Other unknown biomarkers with elastase inhibitory effects need to be identified in the future.




2.3. Evaluation of Xanthine Oxidase Inhibitory Effects of CJ Extracts


To standardize the anti-hyperuricemic source, xanthine oxidase inhibitory activities of six extracts were specified. The 80% ethanolic extract showed the best xanthine oxidase inhibitory activity. As a result of relative comparison of xanthine oxidase activities of biomarkers, rutin showed the highest activity, followed by hyperoside, GCG, and CGA. Isoquercitrin and philligenin showed weak xanthine oxidase inhibitory activities. A mixture of rutin, hyperoside, GCG, and CGA was prepared with the same content as 80% ethanol extract and its xanthine oxidase inhibition activity was determined. Results showed that biomarkers for anti-hyperuriemic effects were rutin, hyperoside, GCG, and CGA (Table 5).





3. Materials and Methods


3.1. Preparation of Extract


Camellica. japonica leaves (CJ) were obtained from Jeollanamdo Wando Arboretum in Jeonnam, Korea. C. japonica leaves were collected from Joyag island, Korea (126°56′50.07″ E longitude and 34°22′31.27″ N latitude). A voucher specimen (MNUCSS-CJ-01) was deposited in Mokpo National University (Muan, Republic of Korea) [8]. Leaves were separated for the present study. Air-dried and powdered C. japonica leaf (100 g) was extracted twice with ethanol (500 mL) at room temperature for 3 days. C. japonica leaf (100 g) was extracted with hot water for 4 h. Since functional extracts are generally easy to use hot water or ethanol extract, we used hot water and ethanol as extraction solvents. The yield of the extract was calculated as the % of the extract based on the dried leaf (%, w/w). The resultant ethanol solution was evaporated, dried, and stored at −50° C. The sample was used for in vitro experiments and analysis of biomarkers.




3.2. Constituents Profiling by High-Performance Liquid Chromatography (HPLC) Analysis


Constituent profiling of CJ extracts was performed with HPLC (Figure 1). All HPLC analyses were performed using an Alliance 2695 HPLC system (Waters; Milford, MA, USA) equipped with a photodiode array detector. Analysis method was described in Table 5. The biomarkers of our study were derived from prior studies.




3.3. Determination of In Vitro Xanthine Oxidase (XO) Inhibitory Activity


First, each sample (200 μL) and 1 mM xanthine (200 μL) were mixed in 600 μL of 0.1 M potassium phosphate buffer (pH 7.5) and reacted at room temperature for 5 min. After adding xanthine oxidase (0.1 unit/mL) (200 μL) to the reaction solution, the reaction was carried out at 37 °C for 15 min. Then, 1 N HCl (200 μL) was added to stop the reaction. Centrifugation was performed at 15,000 rpm for 10 min. The supernatant was separated and measured at 292 nm. We calculated the enzyme activity as the ratio (%) of inhibitory activity compared to the control [8].




3.4. Determination of Elastase Inhibitory Activity


First, elastase 10 μL (10 μg/mL), 0.2 M Tris-HCl (90 μL), 2.5 mM N-succinyl-(Ala)3-p-nitroanilide (STANA, 100 μL), and sample (50 μL) were mixed at 37 °C for 30 min. The reaction solution was centrifuged at 15,000 rpm for 10 min and the absorbance of the supernatant was measured at 405 nm. We calculated the enzyme activity as the ratio (%) of inhibitory activity compared to the control [19].





4. Conclusions


The aim of the present study was to simultaneously develop an anti-hyperuricemic and anti-wrinkle source using Camellia japonica leaf (CJ). CJ extracts were prepared. Their contents of various biomarkers and biological activities were then evaluated. Biomarkers such as rutin, hyperoside, isoquercitrin, chlorogenic acid (CGA), gallocatechin gallate (GCG), and phillygenin were analyzed. Our results revealed that biomarkers for the anti-wrinkle activity of CJ extracts were hyperoside, isoquercitrin, and philligenin. The 80% ethanolic extract was optimal as an anti-wrinkle material. Among the six extracts, the extract that could be used as an anti-hyperuricemic source was the 80% ethanol extract. Rutin, hyperoside, GCG, and CGA were major components of CJ extract. Taken together, our results suggest that 80% ethanol extract could be used simultaneously as an anti-hyperuricemic and anti-wrinkle source. Anti-hyperuricemic and anti-wrinkle effects of different biomarkers need to be evaluated in vivo in the future.
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Figure 1. Analysis of Camellia japonica extracts by High Performance Liquid Chromatography (HPLC) (A,B): standard; (C,D): sample. 






Figure 1. Analysis of Camellia japonica extracts by High Performance Liquid Chromatography (HPLC) (A,B): standard; (C,D): sample.
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Table 1. Extraction yields of Camellia japonica extracts.






Table 1. Extraction yields of Camellia japonica extracts.





	Sample
	Extraction Yield (%, w/w)





	Hot Water
	5.62



	20% EtOH
	11.51



	40% EtOH
	12.10



	60% EtOH
	12.54



	80% EtOH
	9.89



	100% EtOH
	12.39
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Table 2. HPLC analysis condition for CJ extract.






Table 2. HPLC analysis condition for CJ extract.





	
Parameters

	
Conditions






	
Column

	
Zorbax extended-C18(C18, 4.6 mm × 150 mm, 5 µm)




	
Flow rate

	
1 mL/min




	
Injection volumn

	
10 μL




	
UV detection

	
350 nm (for Rutin, Hyperoside, isoquercitrin)290 nm (for chlorogenic acid, gallocatechin gallate, phillygenin)




	
Run time

	
30 min




	
Gradient

	
(For Rutin, Hyperoside, isoquercitrin)

	
(For chlorogenic acid, gallocatechin gallate, phillygenin)




	
Time (min)

	
% A 1

	
% B 2

	
Time (min)

	
% A 1

	
% B 2




	
0

	
10

	
90

	
0

	
10

	
90




	
5

	
10

	
90

	
6

	
10

	
90




	
24

	
26

	
74

	
10

	
20

	
80




	
25

	
100

	
0

	
20

	
25

	
75




	
28

	
100

	
0

	
25

	
100

	
0




	
29

	
10

	
90

	
28

	
10

	
90








1 Acetonitrile 2 0.2% phosphoric acid.
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Table 3. Content of biomarkers in hot water and ethanolic extracts from Camellia japonica leaf.






Table 3. Content of biomarkers in hot water and ethanolic extracts from Camellia japonica leaf.





	Extract
	Chlorogenic Acid

(%, w/w)
	Gallocatechin Gallate

(%, w/w)
	Hyperoside

(%, w/w)
	Isoquercitrin

(%, w/w)
	Phillygenin

(%, w/w)
	Rutin

(%, w/w)
	Total

(%, w/w)





	Hot Water
	-
	0.05 ± 0.004
	0.21 ± 0.005
	0.13 ± 0.004
	0.14 ± 0.007
	0.44 ± 0.010
	0.97



	20% ETOH
	0.02 ± 0.001
	0.04 ± 0.002
	0.11 ± 0.001
	0.08 ± 0.001
	0.11 ± 0.011
	0.40 ± 0.001
	0.76



	40% ETOH
	0.02 ± 0.002
	0.01 ± 0.001
	0.24 ± 0.004
	0.16 ± 0.004
	0.07 ± 0.002
	0.51 ± 0.005
	1.17



	60% ETOH
	0.02 ± 0.001
	0.01 ± 0.001
	0.40 ± 0.002
	0.25 ± 0.003
	0.12 ± 0.001
	0.67 ± 0.003
	1.47



	80% ETOH
	-
	0.03 ± 0.001
	0.65 ± 0.051
	0.46 ± 0.042
	0.12 ± 0.007
	0.94 ± 0.078
	2.20



	100% ETOH
	-
	0.02 ± 0.001
	0.19 ± 0.002
	0.13 ± 0.001
	0.12 ± 0.006
	0.35 ± 0.007
	0.81
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Table 4. Elastase inhibition of CJ extract and biomarkers.
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Sample

(500 µg/mL)

	
Elastase

Inhibition

(%)

	
Smaple

(100 µg/mL)

	
Elastase

Inhibition

(%)






	
PPRM 1

	
81.65± 3.888

	
PPRM 1

	
57.13 ± 3.502




	
Hot Water

	
40.75± 1.840

	
CGA 2

	
3.45 ± 0.212




	
20% ETOH

	
42.66 ± 2.086

	
GCG 3

	
4.57 ± 0.105




	
40% ETOH

	
47.63 ± 0.457

	
Hypeorside

	
31.74 ± 0.571




	
60% ETOH

	
49.24 ± 0.234

	
Isoquercitrin

	
17.98 ± 1.496




	
80% ETOH

	
62.54 ± 0.742

	
Phillygenin

	
13.70 ± 0.249




	
100% ETOH

	
57.57 ± 1.638

	
Rutin

	
0.45 ± 0.003




	
Sample

	
Elastase inhibition (%)




	
PPRM 1

	
80.80 ± 0.937




	
Mixture of Constituent

	
28.92 ± 0.836




	
80% EtOH

	
60.66 ± 4.255








1 PPRM (and Phospharamidon); 100 µg/mL, 500 µg/mL, 2 CGA; chlorogenic acid, 3 GCG; gallocatechin gallate.













[image: Table] 





Table 5. Xanthine oxidase inhibition of CJ extract and biomarkers.
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Sample

(500 µg/mL)

	
Xanthine Oxidase

(%)

	
Sample

(100 µg/mL)

	
Xanthine Oxidase

(%)






	
Control

	
100.00 ± 3.724

	
Control

	
100.00 ± 3.724




	
Allopurinol 1

	
52.12 ± 2.099

	
Allopurinol 1

	
52.12 ± 2.099




	
Hot Water

	
92.58 ± 1.071

	
CGA 2

	
87.12 ± 1.071




	
20% ETOH

	
97.07 ± 1.948

	
GCG 3

	
81.52 ± 0.350




	
40% ETOH

	
94.75 ± 1.525

	
Hypeorside

	
69.80 ± 1.669




	
60% ETOH

	
87.47 ± 3.338

	
Isoquercitrin

	
93.54 ± 3.837




	
80% ETOH

	
84.44 ± 2.816

	
Phillygenin

	
92.02 ± 2.274




	
100% ETOH

	
93.94 ± 5.327

	
Rutin

	
60.76 ± 3.214




	
Sample

	
Xanthine oxidase (%)




	
Control

	
100.00 ± 3.724




	
Allopurinol 1

	
52.12 ± 2.099




	
Mixture of Constituent

	
87.37 ± 0.926




	
80% EtOH

	
84.44 ± 2.816








1 Allopurinol; 25 µg/mL, 2 CGA; chlorogenic acid, 3 GCG; gallocatechin gallate.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  separations-09-00281


  
    		
      separations-09-00281
    


  




  





media/file0.png





media/file2.png
AU

AU

Hyperoside
Rutin ‘ /

|

|
. Isoquercitrin

11

AU

(©)

46 8

10 12 14 16 18 20 22 24 26 28 30

0.22-
0.20 ;
0.18
0.16 -

0.14
0.12
0.10 -
0.08-
0.06-

0.02-

0.00

Hyperoside
Rutin “/
\| |

“1 Isoquercitrin

Il ) |
|

IH|| |'.
i ' i I llll\ '\

'\41 Al
WA,

Vi~ A

AU

' il
fll _.', ‘ r \

A_n] LMy

10 12 14 16 18 20 22 24 26 28 30

Time (min)

(B)

naAs

0.040
0.035
0.030
0.025°
0.020
0.015
0.010%
0.005
0.000

(D)

0.007

0.006-

0.005;

0.004-

0.003

0.002

0.001

0.000-,

phillygenin

¥

Gallocatechin gallate

Chlorogenic acid

Y N I
I A — \n_g_‘_- S —_— I 4

'8 10 12 14 16 18 20 22 24 26 28 30
Time (min)

2 4 6

|

‘ ‘l'l phillygenin
|

[l
\J

| Gallocatechin gallate “,
| 1
| il

HFhlomgemc acid I |NI
|

]In o
\s M
| /
I
T T T

-

AN [
\J J"\r. W 1“‘_‘,\ \J\

\
\
-‘1/ b

2 4 6 8 10 1214 161820 22 2426 28 30

Time (min)





media/file1.jpg
©
o,
o

®

e
e
[ \
.
/ |
B AR T E ]
o
Il e
| 'z
prr— |
p——l v
3 J \

puty






