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ABSTRACT

Background: The central nervous system is easily damaged by oxidative
stress due to high oxygen consumption and poor defensive capacity.
Hence, multiple studies have demonstrated that inhibiting oxidative
stress-induced damage, through an antioxidant-rich diet, might be a
reasonable approach to prevent neurodegenerative disease. Objective: In
the present study, response surface methodology was utilized to optimize
the extraction for neuro-protective constituents of Camellia japonica
byproducts. Materials and Methods: Rat pheochromocytoma cells were
used to evaluate protective potential of Camellia japonica byproducts.
Results: Optimum conditions were 33.84 min, 75.24%, and 75.82°C for
time, ethanol concentration and temperature. Further, we demonstrated that
major organic acid contents were significantly impacted by the extraction
conditions, which may explain varying magnitude of protective potential
between fractions. Conclusions: Given the paucity of information in regards
to defatted C. japonica seed cake and their health promoting potential,
our results herein provide interesting preliminary data for utilization of this
byproduct from oil processing in both academic and industrial applications.
Key words: Agricultural by-products, Camellia japonica, organic acids,
reactive oxygen species, response surface methodology

SUMMARY

e Neuro-protective potential of C. japonica seed cake on cell viability was
affected by extraction conditions

e Extraction conditions effectively influenced on active constituents of
C. japonica seed cake

e Biological activity of C. japonica seed cake was optimized by the responsive
surface methodology.

INTRODUCTION

It has been shown that oxidative damage is involved in the etiology of
various neurodegenerative disorders, including Alzheimer’s disease,
sclerosis, and stroke.!"! Although reactive oxygen species can be generated
during normal cellular respiration and metabolism, unbalanced oxidative
stress due to abnormal physiological conditions can result in oxidative
damage.! In particular, the brain possesses relatively low levels of
antioxidant compounds, making it more susceptible to oxidative damage,”
implying that inhibiting oxidative damage through an antioxidant-rich diet
could be a reasonable approach to preventing neurodegenerative disease.

Camellia japonica has been used as an ornamental plant in Asia,””’ and
Camellia oil, derived from its seed, is characterized by a high content of
oleic acid."! However, once defatted, the C. japonica seed hull comprises
approximately 60% of the seed; thus, the seed hull of C. japonica
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constitutes a major resource for C. japonica. Of note, it was reported that
C. japonica seed hulls possess various biologically active constituents,
warranting more studies on the residual by-product of C. japonica.”’ In
this study, response surface methodology (RSM) was utilized to establish
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the optimal conditions for obtaining C. japonica seed hull extracts that
represent the highest protective potency against oxidative damage in
rat pheochromocytoma (PC12) cells, a neuronal-like cell line, thereby
increasing the efficiency of C. japonica as a health-promoting plant.

MATERIALS AND METHODS

Sample preparation

For sample extraction, defatted seed cake of C. japonica was prepared as
we described previously.l®! The levels of each independent variable were
determined based on the preliminary results [Table 1].

Cell culture and measurement of cell viability

PC12 cells were cultured and maintained as described
elsewhere.”? Cell survival was assessed by the conventional
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

reduction assay.”

Gas chromatography-mass spectrometer analysis

To elucidate candidate active constituents present in C. japonica, the
fraction exhibited the highest protective potency against oxidative stress
was compared with the one with the lowest. Moreover, each fraction
was subjected to gas chromatography-mass spectrometer analysis as
described elsewhere.!®!

Statistical analysis and response surface
methodology design

Specifically, data from the Box-Behnken experimental design
were utilized to determine the optimum combination of variables.
A fractional 3-level, 3-factor experimental design with 3 replicates at
the center point was used to find effects of independent variables on
the dependent variables (i.e., cell viability). In the study, independent
variables include extraction time (X,), ethanol concentration (X,), and
extraction temperature (X,) for C. japonica seed cake. Each factor was
coded at three levels (-1, 0, and 1). The RSM experimental design is
summarized in Table 1. The complete experimental design consisted of
15 points. Data analysis was used to predict the following second-order
polynomial model through the response surface regression procedure of
the SAS 9.2 (SAS Institute, Cary, NC, USA):

3 3 2 3
Y = B0+ ZBiXi + ZBiiXiz + Z Z ﬁinin

i=1 i=1 i=lj=i+1
where Y is a response; B, B, B,, and Bij are constant coefficients; and
X, are uncoded independent valuables. Regression analysis and analysis
of variance were used to assess the model. To create response plots, the
Maple Software version 7 (Waterloo Maple, Waterloo, ON, Canada) was
utilized by holding constant one variable of the second-order polynomial
equation. The three-dimensional representation of the response surface
is the graphical representation of the regression equation, showing the
optimum values of the variables at which response is maximized. The
statistical significance between groups was calculated and grouped using
one-way ANOVA, followed by the Tukey’s test (SAS Institute, Cary,
NG, USA).

Table 2: Optimized extraction conditions and predicted RSM mode

RESULTS AND DISCUSSION

The PCl12 cell viability was measured from 15 sets of variable
combinations [Table 1] and the data were fitted to the second-order
polynomial equation using the response surface regression procedure
for all responses investigated, including linear (X, X,, and X,),
interactions (XlXZ, XX, andX2X3), and quadratic terms (Xlz, XZZ, and st).
The quadratic polynomial model is also given in Table 2. The significant
interaction between variables was noted in between extraction time
and temperature (P = 0.0177). The coefficients of determination (%)
for Y was 0.93 [P < 0.05; Table 2], and the analysis of variance indicated
that the predicted model was significant at the 5% level. In addition,
the lack of fit test which determines the adequacy of the model was
not statistically significant, indicating that the model is valid to predict
responsible variables (sum of squares = 20.86; P < 0.05).

Optimum conditions for extraction and their predicted dependent
values are shown in Table 2. Optimum conditions were extraction time of
33.84 min, ethanol concentration of 75.24%, and extraction temperature
of 75.82°C. The predicted value for neuronal cell viability at optimized
extraction conditions was 52.08%. To validate this, constituents of the
C. japonica seed cake were extracted using the conditions calculated
from the RSM and then applied to PC12 cells with identical experimental
conditions. In this, the cell viability was shown to be 52.32 + 0.89%,
which is in excellent agreement with the predicted value from the
model [52.08%; Table 2], suggesting that the RSM model demonstrated
in the study could be utilized for optimization of C. japonica seed cake.

To predict effects of extraction conditions for neuroprotective
constituents from C. japonica seed cake, the second-order polynomial

Table 1: Experimental design for neuronal cell viability of C. japonica
by-products

Independent variable Symbol Levels

-1 0 1
Extraction time (min) X, 15 50 85
Ethanol concentration (%) X, 30 60 90
Extraction temperature (°C) X, 30 55 80
Run X, X, X, Variable levels Cell viability (%)
1 15 30 55 -1 -1 0 46.13
2 85 30 55 +1 -1 0 47.74
3 15 90 55 -1 +1 0 48.95
4 85 90 55 +1  +1 0 47.27
5 15 60 30 -1 0 -1 46.46
6 85 60 30 +1 0 -1 48.24
7 15 60 80 -1 0 +1 51.18
8 85 60 80 +1 0 +1 46.20
9 50 30 30 0 -1 -1 45.63
10 50 90 30 0 +1 -1 49.52
11 50 30 80 0 -1 +1 48.28
12 50 90 80 0 +1 +1 51.78
13 50 60 55 0 0 0 51.75
14 50 60 55 0 0 0 51.26
15 50 60 55 0 0 0 50.98

The levels of each independent variable were determined based on the preliminary
experimental results

Response Optimum conditions Predicted value (%) Experimental value (%)
Time (min) Ethanol (%) Temperature (°C)
33.84 75.24 75.82 52.08 52.32+0.89
Cell viability (%) Quadratic polynomial model R?
Y=24.0231+0.3052X,+0.2887X,+0.3176X,-0.0008X >-0.0017X,2-0.0001X 2-0.0008X X,-0.0018X, X,-0.0001X X, 0.93
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Figure 1: Response surface plot of the effects of extraction time, ethanol concentration, and extraction temperature on cell viability (%) under the fixed
optimal conditions of (a) extraction time, 33.84 min; (b) ethanol concentration, 75.24%; (c) temperature, 75.82°C

model was utilized. The response surface plots for the extraction
conditions are depicted in Figure 1. Response surface plots allowed
visualizing predicted responses and aiding in identification of
interactions between tested variables. As shown in Figure 1la, increased
extraction temperature and ethanol concentration resulted in increased
neuronal cell viability against oxidative stress, up to a threshold level.
In particular, the extraction time seems to represent a threshold level
in regards to neuronal cell viability, in which the maximum protective
potency was observed up to a threshold while it was decreased beyond
this limit, suggesting that moderate extraction time yields the greater
achievement in cell protection [Figure 1b and c].

In addition, the fractions exhibited either the highest or the lowest
protective potency against oxidative stress were compared to elucidate
responsible, active constituents in C. japonica. Interestingly, it was
demonstrated that the fraction #12 with the highest protective potency
had significantly higher levels of several organic acids when compared to
those of the fraction #9. Specifically, three most abundant organic acids,
malic acid, citric acid, and quinic acid, were approximately 1.24-fold,
1.47-fold, and 1.67-fold higher in the fraction #12 (0.21 + 0.01 mg,
1.62 + 0.02 mg, and 0.20 + 0.01 mg of malic acid, citric acid, and quinic
acid per g of dried material of the fraction #12). Multiple studies have
demonstrated protective capacity of these organic acids and their
derivatives against oxidative stress.!” This, also in good agreement
with the previous investigation, reported that quinic acid significantly
lowered the level of lipid peroxidation products through the induction of
antioxidative enzymes.!"'! More than one study haveaddressed that organic
acids (e.g., citric acid) may elicit a synergistic potential with plant extract
against oxidation due to distinct antioxidative mechanisms (e.g., metal
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chelating and radical scavenging mechanisms)."?! Thus, it is very
possible that fractions high in organic acids represented better protective
potency in conjunction with other radical scavenging compounds
thereof. Further investigations are warranted with regards to organic
acids compositions and their responsible mechanisms in neuronal
cell protection against oxidative damages. In addition, bioavailability
of active compounds through the blood-brain barrier should also be
studied utilizing in vivo animal models.

To the best of our knowledge, no study has previously reported on the
optimization of extraction conditions for neuroprotective constituents
from C. japonica seed cake. Ye et al. recently isolated sasanqua saponin
from Camellia oleifera and demonstrated antioxidative potential
thereof."®! However, in this study, we were not able to identify this class
of compounds under our experimental conditions, potentially due to
differences in species (C. oleifera vs. C. japonica) as well as extraction
conditions.

In general, optimization has been done through looking at effects of
one independent variable on a response variable over time to achieve
maximum benefits. This procedure, however, is not sufficient for finding
associations between multiple independent variables, necessitating
alternative multivariate statistical analyses including RSM. RSM has
been utilized for modeling situations in which a dependent variable is
simultaneously impacted by more than one independent variable.!"
In the present study, the dependent variable was the in vitro protective
potency of active constituents of C. japonica in response to oxidative
stress while the independent variables were extraction conditions
yielding active constituents from C. japonica. Although RSM has been
utilized to optimize experimental conditions in biological matrices,!!
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this is the first report regarding the neuronal cell protection of C.
japonica by-products.

To summarize, we investigated the protective potential of C. japonica
seed cake in an in vitro neuronal model. It was demonstrated that
neuroprotective potential of C. japonica seed cake on cell viability was
affected by the extraction conditions. More importantly, these extraction
conditions are effectively influenced on profiles of active constituents,
including major organic acids we identified, thereby resulting varying
magnitude of protective potential. The results herein might be interesting
in several aspects. First, there are limited data available in regards
to defatted C. japonica seed cake, an industrial by-product from oil
processing, yet a few studies investigated beneficial effects of C. japonica
oil elsewhere.”! As mentioned, this residual by-product accounts for
more than 60% of total weight of seeds, which provides a good rationale
for utilization in both academic and industrial applications. Further,
we found that the beneficial activity of the C. japonica seed cake was
optimized by the RSM model. In the subsequent validation, it was
demonstrated that the predicted cell viability was in good agreement
with the experimental value, indicating that this statistical model can
be utilized for optimization of processing conditions. To note, however,
aspects of large scale sample processing were not considered in the study,
warranting further investigations.

Acknowledgments

The authors thank Da-Som Kim for helpful technical assistance in this
study.

Financial support and sponsorship

This research was supported by Basic Science Research Program
through the National Research Foundation of Korea funded by the
Ministry of Education (NRF-2014R1A1A2058119) and supported
by Agro and Bio-industry Technology Development Program (Grant
No. 314021-03-1-SB030), Ministry of Agriculture, Food and Rural
Affairs.

Conflicts of interest
There are no conflicts of interest.

Eui-Cheol Shin

Pharmacognosy Magazine, Vol 12, Issue 47, Jul-Sep, 2016

REFERENCES

1. Kaur C, Ling EA. Antioxidants and neuroprotection in the adult and developing central
nervous system. Curr Med Chem 2008;15:3068-80.

N

. Reiter RJ. Oxidative processes and antioxidative defense mechanisms in the aging brain.
FASEB J 1995;9:526-33.
3. Zeb A.Triacylglycerols composition, oxidation and oxidation compounds in camellia oil using
liquid chromatography-mass spectrometry. Chem Phys Lipids 2012;165:608-14.
4. Noh S, Yoon SH. Stereospecific positional distribution of fatty acids of Camellia (Camellia
Japonica L.) seed oil. J Food Sci 2012;77:C1055-7.

o

. Lee CR Yen GC. Antioxidant activity and bioactive compounds of tea seed (Camellia oleifera
Abel.) oil. J Agric Food Chem 2006;54:779-84.

o

. Kim JK, Kim CR, Lim HJ, Nam SH, Joo OS, Shin DH, et al. An optimized extraction technique
for acetylcholinesterase inhibitors from the Camellia japonica seed cake by using response
surface methodology. Biosci Biotechnol Biochem 2014,78:1237-41.

Kim JK, Shin EC, Kim CR, Park GG, Choi SJ, Park CS, et al. Effects of brussels sprouts
and their phytochemical components on oxidative stress-induced neuronal damages in
PC12 cells and ICR mice. J Med Food 2013;16:1057-61.

~

©

Kim JK, Park HG, Kim CR, Lim HJ, Cho KM, Choi JS, et al. Quality evaluation on use of
camellia oil as an alternative method in dried seaweed preparation. Prev Nutr Food Sci
2014;19:234-41.

©

. Garg NK, Mangal S, Sahu T, Mehta A, Vlyas SR Tyagi RK. Evaluation of anti-apoptotic activity
of different dietary antioxidants in renal cell carcinoma against hydrogen peroxide. Asian Pac
J Trop Biomed 2011;1:57-63.

10. Osato JA, Santiago LA, Remo GM, Cuadra MS, Mori A. Antimicrobial and antioxidant

activities of unripe papaya. Life Sci 1993;53:1383-9.

11. Arya A, Al-Obaidi MM, Shahid N, Bin Noordin MI, Looi CY, Wong WF, et al. Synergistic effect of

quercetin and quinic acid by alleviating structural degeneration in the liver, kidney and pancreas

tissues of STZ-induced diabetic rats: A mechanistic study. Food Chem Toxicol 2014;71:183-96.

12. Hras AR, Hadolin M, Knez Z, Bauman D. Comparison of antioxidative and synergistic effects
of rosemary extract with a-tocopherol, ascorbyl palmitate and citric acid in sunflower oil.
Food Chem 2000;71:229-33.

13. Ye Y, Xing H, Chen X. Anti-inflammatory and analgesic activities of the hydrolyzed
sasanquasaponins from the defatted seeds of Camellia oleifera. Arch Pharm Res 2013;36:941-51.

14. Bezerra MA, Santelli
methodology (RSM)
2008 15;76:965-77.

RE, Oliveira EP Villar LS, Escaleira LA. Response surface

as a tool for optimization in analytical chemistry. Talanta

15. Gfrerer M, Lankmayr E. Screening, optimization and validation of microwave-assisted

extraction for the determination of persistent organochlorine pesticides. Anal Chim Acta
2005;5633:203-11.

ABOUT AUTHOR

Dr. Eui-Cheol Shin, has received his PhD in 2010 from the University
of Georgia and worked as a postdoctoral fellow at the University of
Minnesota. He is currently an assistant professor of Department of Food
Science, College of Bioscience, Gyeongnam National University of Science
and Technology, South Korea. Dr. Eui-Cheol Shin has published more than
25 peerreviewed articles in international journals.

187



